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Abstract
For many years, it has been recognized that hypertension tends to cluster with various anthropometric and metabolic abnormalities including abdominal obesity, elevated triglycerides, reduced high-density lipoprotein cholesterol, glucose intolerance, insulin resistance and hyperuricemia. This constellation of various conditions has been transformed from a pathophysiological concept to a clinical entity, which has been defined metabolic syndrome (MetS). The consequences of the MetS have been difficult to assess without commonly accepted criteria to diagnose it. For this reason, on 2009 the International Diabetes Federation, the American Heart Association and other scientific organizations proposed a unified MetS definition. The incidence of the MetS has been increasing worldwide in parallel with an increase in overweight and obesity. The epidemic proportion reached by the MetS represents a major public health challenge, because several lines of evidence showed that the MetS, even without type 2 diabetes, confers an increased risk of cardiovascular morbidity and mortality in different populations including also hypertensive patients. It is likely that the enhanced cardiovascular risk associated with MetS in patients with high blood pressure may be largely mediated through an increased prevalence of preclinical cardiovascular and renal changes, such as left ventricular hypertrophy, early carotid atherosclerosis, impaired aortic elasticity, hypertensive retinopathy and microalbuminuria. Indeed, many reports support this notion, showing that hypertensive patients with MetS exhibit, more often than those without it, these early signs of end organ damage, most of which are recognized as significant independent predictors of adverse cardiovascular outcomes. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
For many years, it has been recognized that high blood pressure is often associated with various anthropometric and metabolic abnormalities including abdominal obesity, elevated triglycerides, reduced high-density lipoprotein (HDL) cholesterol, glucose intolerance and insulin resistance.

Several lines of evidence support the notion that th​ese traits occur simultaneously to a greater degree than would be expected by chance alone. This evidence supports the existence of a discrete disorder meriting in the appellation as a “metabolic syndrome”. A variety of clinical and biohumoral alterations may co-exist with the main components of the metabolic syndrome: hyperuricemia, increases in apolipoprotein B and small dense low-density lipoprotein cholesterol, prothrombotic factors, chronic low grade inflammation, non-alcoholic fatty liver disease and/or non-alcoholic steatohepatitis, obstructive sleep apnoea and polycystic ovarian disease. Many of these conditions may contribute to explain why the metabolic syndrome (MetS) conveys an increased risk of developing subclinical and overt cardiovascular and renal diseases.
METABOLIC SYNDROME DEFINITIONS

In the effort to introduce the MetS into clinical practice, several scientific organizations have attempted to formulate working definition of the syndrome. The first proposals came in 1998[1] and in 1999[2] from a consultation group on the definition of diabetes for the World Health Organization (WHO)[2]. Alternative definitions have been proposed subsequently by the European Group for the Study of Insulin Resistance (EGIR)[3], the Third Report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (ATP Ⅲ)[4] the American Heart Association/National Heart, Lung, and Blood Institute (AHA/NHLBI)[5], the American Society of Clinical Endocrinologists (AACE)[6] and the International  Diabetes Federation (IDF)[7]. Recently, IDF, AHA/NHLBI and other scientific societies, in an attempt to unify discordant criteria between previous definitions of MetS, proposed a new “harmonizing” definition of this syndrome[8]. All definitions include a measure of blood pressure (BP), triglycerides, HDL cholesterol, and fasting glucose. They differ with respect to the selection of cutoff points and a measure of obesity. In contrast to the gluco-centric approach of the WHO and EGIR definitions, in which the presence of insulin resistance is the starting point, the ATP Ⅲ definition is based on the number of abnormalities only, whereas the AACE definition considers the number of abnormalities in selected subjects with high risk of insulin resistance. The ATP Ⅲ and WHO definitions implicitly include type 2 diabetes (T2DM) as syndrome traits. Not all experts agree that T2DM should be part of the definition, as the importance of the syndrome is that it identifies patients at increased risk for the development of diabetes[8,9]. 

Among the various definitions proposed the most widely used is that of the ATP Ⅲ or the AHA/NHLBI version, that slightly revised the former by lowering the threshold for fasting glucose from 110 to 100 mg/dL.

The wide use of these definitions is due primarily because they provide a relatively simple approach for diagnosing MetS by employing easily measurable risk factors.

In the revised ATP Ⅲ definition[5], MetS is diagnosed when at least three or more of the following abnormalities are present: BP ≥ 130/85 mmHg (or drug treatment for hypertension), HDL < 1.0 mmol/L (40 mg/dL) in men or < 1.3 mmol/L (50 mg/dL) in women (or drug treatment for reduced HDL); fasting glucose ≥ 5.6 mmol/L (100 mg/dL) (or drug treatment for elevated glucose); triglycerides > 1.7 mmol/L (150 mg/dL) (or drug treatment for elevated triglycerides); and waist circumference > 102 cm in men or > 88 cm in women[5].

On 2005 the IDF has proposed a set of criteria that are similar to those of the updated ATP Ⅲ criteria. In fact, thresholds are identical for triglycerides, HDL-C, BP, and plasma glucose. The major difference is that the IDF considered central obesity, as assessed by waist circumference (WC), essential for diagnosis. Moreover, in this obesity-centric definition the WC cutoffs were adjusted for different ethnic groups, taking into account that the risk associated with a particular waist measurement (especially for diabetes development) will differ in different populations. But despite the attempt to standardize clinical definition of MetS, this has led to some confusion on the part of clinicians regarding how to identify patients with the syndrome. 

Thus came the initiative of the IDF and the AHA/NHLBI, joined by the World Heart Federation, International Atherosclerosis Society, and International Association for the Study of Obesity[8], to develop one unified definition.

The main difference between the ATP III and the IDF diagnostic criteria is that in the IDF definition abdominal obesity is a prerequisite of the diagnosis of MetS. As a major step in consensus, this obligation has been reversed; therefore the “harmonizing” definition is identical to the revised ATP Ⅲ definition except that IDF waist circumference cut points were used[8]. In Europids (white people of European origin, regardless of where they live in the world) WC thresholds were the same as that used by the EGIR (≥ 94 cm for males and ≥ 80 cm for females), and lower than the ATP Ⅲ recommendations[7]. For the Asian people IDF adopted even lower cutpoints for men (≥ 90 cm) and the same as for Europids for women.

Similarly to adults, no general consensus exists regarding the definition of MetS in children and adolescents[9,10]. Furthermore, studies published so far have used their own set of variables, number of criteria (three or four) and different cut-off points to define risk factors associated with MetS. In 2007, a consensus report was published by the IDF group[10], including three age groups: 6 to < 10, 10 to < 16 and 16 + years (adult criteria).

Based on this report, obesity is defined as WC ≥ 90th percentile, or adult cut-off if lower, while all other parameters are defined based, rather than percentiles, on absolute numbers, that are the same used for adults[10]. 

A scientific statement from the AHA and other scientific societies, published on 2009, called attention to the fact that, especially during adolescence, a marked instability exists in the categorical diagnosis of MetS. This instability, which includes both gain and loss of the diagnosis, suggests that the syndrome has reduced clinical utility in adolescence[9]. 

IS METABLIC SYNDROME REALLY A SYNDROME?

Some controversy also exists about whether the MetS is a true syndrome or a mixture of unrelated phenotypes.

Two major health organizations in Europe (the European Association for the Study of Diabetes) and the United States (American Diabetes Association) have claimed that the MetS is not a single pathophysiological entity, that its identification has no clinical utility, and that clinical emphasis should rather be placed on effectively treating any cardiovascular (CV) risk factor that is present[11,12]. We believe, together with many experts on CV risk[8,13,14], that this clustering of interrelated metabolic risk factors is a useful construct, and although it needs to be better defined, represents a good basis for calling this as a syndrome. The rationale supporting use of the Mets includes the following: (1) the label of MetS seems to be an important way to educate patients about the connection between their lifestyle, health risks, and medical outcomes; (2) it provides a framework for research exploring a possible unifying pathophysiological basis for the observed cluster of risk factors; (3) it quantifies chronic disease risk within populations and facilitates between-country comparisons; (4) it can guide relative risk prediction and clinical management decisions; (5) it results from the association of individuals components that are often defined by values that are lower than those meeting the definition of risk factors by many guidelines, which may thus fail to detect the presence of a high CV risk in several subjects with MetS; and (6) it provides an easily comprehensible public health message and reminds health professionals of the need to assess related risk factors when one risk factor is detected ultimately helping implementation of CV prevention[8,9].

On the other hand, the criteria used to diagnose the MetS have major limitations including: the dichotomization of risk factors; the attribution of relative as opposed to absolute risk; the differing predictive value of risk factor combinations; the inclusion of individuals with established diabetes and heart disease[9,10]. 

PREVALENCE OF METABOLIC SYNDROME IN GENERAL POPULATION AND IN HYPERTENSIVE PATIENTS

The prevalence of the MetS is at least in part dependent on the definition of the syndrome and its components and on the composition (sex, age, race, and ethnicity) of the population studied[14-27]. However, there is a strong epidemiological evidence that, regardless of the criteria used, the prevalence of MetS is high and rising in all western society and in Asia, very likely as a result of obesity epidemic[14-20]. In general, it has been estimated that approximately 10%-30% of the world’s adult population has the MetS[14]. A very consistent finding in all of these studies is that the prevalence of the MetS is highly age-dependent[14-19]. Data regarding gender effect on MetS prevalence are conflicting with the majority of the studies finding the highest prevalence in women compared to men[14-19]. The conflicting results with respect to gender effect may partly be explained by the application of different definitions for the MetS. The application of the modified WHO criteria tends to increase the prevalence of MetS in men[18,19].

Since high BP is a key component of MetS, it is not surprising that in MetS patients arterial hypertension is highly prevalent. The Pressioni Arteriose Monitorate E Loro Associazioni (PAMELA) population study revealed that high normal BP values and hypertension were present in 80% of individuals with MetS[21]. Conversely, the prevalence of MetS is more elevated in hypertensive patients than in general population[18-20,22-36].

In a large French population, the prevalence of MetS was 5.4% (n = 1181) among normotensive men and 2.8% (n = 360) among normotensive women, and rose to 19.3% (n = 3490) for hypertensive men and 14.8% (n = 1200) for hypertensive women. Much higher prevalences were reported in other studies performed only in hypertensive patients[23-36].

In the Progetto Ipertensione Umbria Monitoraggio Ambulatoriale (PIUMA) study, a prospective observational investigation of 1742 Italian adult subjects with essential hypertension, MetS, defined according to ATP Ⅲ criteria, was diagnosed in 34% of the population[25].
Similar data were obtained in our cross-sectional study conducted in 353 essential hypertensives and 37% of whom had MetS[26]. In our study population, prevalence of MetS was higher in women than it was in men. This greater proportion of women with MetS was explained by a higher prevalence of visceral obesity and of low HDL values in females when compared to males[26].

An even greater prevalence of MetS was observed in the Global Cardiometabolic Risk Profile in Patients with hypertension disease (GOOD) study[33]. This was an observational, cross-sectional survey conducted in 305 sites in 12 European countries-Among the 3370 outpatients included in the analyses 58% had the MetS. This very high prevalence is probably explained by the older age (61 years) of the study population when compared to those of the other investigations conducted in hypertensive subjects. In the same survey it was noticed that the proportion of patients with uncontrolled BP was significantly higher among the subjects with MetS compared with those without it (P < 0.001)[33]. Analogous results were found among the hypertensive population of the Korean National Health and Nutrition Examination Survey[34] and in the Renal Dysfunction in Hypertension (REDHY) study. In the latter investigation, where a total of 1856 Sicilian hypertensive individuals, free from diabetes mellitus were enrolled[35], a significantly higher (P < 0.001) percentage of patients with uncontrolled BP (> 140/90 mmHg) were found in the group with MetS (79%) as compared to the subjects without MetS (71%).

It has been also reported a high frequency of resistant hypertension among individuals with MetS[36], that can be attributed to a number of pathophysiological mechanisms[36] that will be described in the following section.

The prevalence of the MetS is growing worldwide[14-17]. Between 2008 and 2010, the proportion of the hypertensive population with MetS was forecast to increase to 78%, 45% and 43% in Germany, Spain and Italy respectively[16]. All MetS components were forecast to rise with the prevalence of abdominal obesity and impaired fasting glucose increasing the most. Total annual costs of hypertension with MetS amounted to €24427, €1909 and €4877 million respectively in Germany, Spain and Italy in 2008. By 2020, keeping costs set at 2008 prices, these annual costs of hypertension with MetS were forecast to rise by 59%, 179%, 157% in Germany, Spain and Italy respectively. The largest component of the total annual economic burden of hypertensive patients with MetS was the treatment and management of the consequence of disease rather than the management of hypertension itself including physician and drug costs[16].

Pathophysiology of hypertension in metabolic syndrome
Several mechanisms have been hypothesized to explain why the MetS may be considered as a prohypertensive state[32] (Figure 1).

Although further research is required to better understand the pathophysiology behind the syndrome and the gene-environment interactions that increase susceptibility, there is general agreement that visceral obesity and insulin resistance (IR) are at the core of most cases of MetS[1-6,37,38]. It is widely believed that IR results from a combination of genetic and environmental factors[1-6]. Resistance to insulin-mediated glucose disposal determines a compensatory hyperinsulinemia, which serves to maintain glucose homeostasis. However, this initially adaptive mechanism ultimately may promote hypertension and various atherogenic processes. It is only after the pancreas is unable to meet the increased demand for insulin necessary to overcome IR that glucose control becomes abnormal. Therefore, hyperglycemia signifies a more advanced stage in the loss of normal glucose homeostasis[1-6].

About 50% of patients with essential hypertension are insulin-resistant[18-20,39-41]. Independently of body mass index, hypertensive individuals, when compared with healthy normotensive controls, have higher fasting and postprandial insulin levels, and greater reductions in insulin sensitivity[39-42]. 

Insulin, in response to states of over-nutrition, stimulates the sympathetic nervous system (SNS) to promote thermogenesis and to minimize weight gain. The insulin-mediated hyperadrenergic state, however, leads to an increase in heart rate, and BP[37,43,44].

Other factors may contribute to the sympathetic activation occurring in MetS. They include leptin, which increases in obesity and has been shown to act as a powerful sympathostimulator[36,43-46]. Sleep apnoea, which frequently occurs in obesity, may also play a role because its sympathoexcitatory effect via the hypoxic activation of the chemoreceptor reflex[44,46,47].

The enhanced SNS activity and insulin and leptin per se[48] stimulate renal sodium absorption leading to volume expansion and further elevation of BP[36,43-46] (Figure 1).

Moreover, insulin can cause an upregulation of angiotensin Ⅱ type Ⅰ receptors by post-transcriptional mechanisms such as stabilization of receptor mRNA and prolongation of its half life[49]. The increase in angiotensin Ⅱ type Ⅰ receptors potentiates the physiologic actions of angiotensin Ⅱ that include peripheral vasoconstriction and plasma volume expansion. Furthermore, overexpression of systemic as well as local adipose tissue renin-angiotensin-aldosterone system (RAAS) has been documented in obese persons[36,45,46,50,51].

The increased activity of RAAS in subjects with MetS may be related also to vitamin D deficiency. Indeed, vitamin D status has been inversely associated with MetS[52,53].

Experimental studies have suggested that vitamin D may exert its beneficial effects by stimulating the expression of insulin receptor to improve insulin responsiveness for glucose transport or by controlling calcium influx, which is essential for the insulin mediated intracellular process in insulin responsive tissues[53].

In some studies, increased plasma aldosterone concentrations (PAC) have been reported in obese subjects. These elevated aldosterone levels are often out of proportion to the increase in renin activity[46,54-58]. Indeed, it has been demonstrated that a variety of adipose tissue-derived factors can stimulate aldosterone synthesis[36,46,55,57]. Goodfriend et al[55] reported that an epoxy-keto derivative of linoleic acid (EKODE), one of the oxidized products of fatty acids, stimulates aldosterone secretion in rat adrenal cells. More recently, in vitro experiments documented that human adipocytes secrete potent mineralcorticoid releasing factors. Among these a Complement-C1q tumor necrosis factor-related protein 1 (CTRP1) is able to increase aldosterone production in cultured human adrenal cortical cells, and serum CTRP1 expression was higher in a small number of hypertensive patients compared with healthy volunteers[57,58].

On the other hand, the low levels of plasma natriuretic peptides observed in individuals with obesity and MetS might predispose to increased adrenal production of aldosterone, because the stimulatory effect of EKODE on aldosteronogenesis is inhibited by natriuretic peptides[57] Another putative mechanism explaining augmented PAC may be endothelin 1[59-61], which is increased in insulin resistance states[59-61].

Moreover, insulin resistance and the accompanying compensatory hyperinsulinemia may contribute toward increasing PAC, because insulin is known to stimulate aldosterone synthesis in vitro[62] and reciprocal relationships between aldosterone, insulin resistance and hyperinsulinemia have been described in clinical studies[36,63,64] (Figure 1).

Adipocytes appear to have all the components of the RAAS and thus may produce locally generated angiotensin II and aldosterone[36,46,50,51]. On the other hand, increased intrarenal pressure accompanying perirenal fat deposition in obesity contributes to the increased activity of RAAS[45].

Insulin resistance/hyperinsulinemia and visceral obesity appear to predispose patients to impaired peripheral glucose utilization and nitric oxide (NO) production[65,66]. Indeed, insulin is a mediator of important vasodilatory functions on the vasculature. In obese individuals with insulin resistance, these functions are lost or even reversed leading to impaired vascular relaxation and hypertension[65,66]. The underlying mechanism may be an impairment of NO-mediated vasodilation and a relative increase in the activity of endothelins[59,60,65,66]. Cellular response to insulin is mediated by means of 2 pathways: phosphatidylinositol (PI3) 3-kinase and mitogen-activated protein (MAP) kinase[65,66]. Activation of the PI3 kinase pathway is associated with the metabolic effects of insulin, including glucose transport, and NO-synthesis, whereas MAP kinase activation is associated with mitogenic effects, such as cell growth and proliferation. It has been demonstrated that in the setting of insulin resistance or T2DM, insulin had reduced effects on PI3 kinase-mediated pathways, while maintaining MAP kinase activity[65,66]. 

Furthermore, the increased peripheral vascular resistance that often accompanies insulin resistance may be due in part to altered divalent cation metabolism (“cation imbalance”) of vascular smooth muscle cells (VSMC)[39,67]. One mechanism by which insulin, and its homologous peptide insulin-like growth factor-1 (IGF-1), attenuate vascular contractility is through effects on VSMC divalent cation metabolism[67]. These hormones reduce Ca2+ influx into VSMCs in conjunction with reductions in VSMC contractile responses. It is thought that the mechanism by which insulin and IGF-1 decreases VSMC intracellular Ca2+ vasoconstriction is through stimulation of the Na+/K+-ATPase pump[67]. It has been demonstrated that insulin/IGF-1 activation of the PI3-kinase pathway is critical for the ability of these peptides to stimulate the pump[67]. Thus, altered PI3-kinase responses to insulin/IGF-1, described in insulin resistance states, may explain the decreased ability of those peptides to mediate vasodilation in insulin-resistant patients[67]. As angiotensin Ⅱ has been shown to interfere with PI3 activation in VSMC and cardiomyocytes, overexpression of the tissue RAAS may be one of the major factors in cardiovascular insulin/IGF-1 resistance[50,51,67,68].

Other factors may contribute to reduce the activity of Na+/K+-ATPase pump in patients with MetS, such as the increased production of the endogenous digoxin-like factor[68,69]. Elevated plasma levels of this substance have been documented in obese hypertensives with glucose intolerance[69] and in several circumstances characterized by volume expansion[68]. This Na+/K+-ATPase inhibitor promotes natriuresis but also produces accumulation of intracellular sodium, reducing in turn the sodium-calcium exchange system, and increasing cytosolic free calcium[68]. The cation imbalance may lead to enhanced VSMC contraction and to an elevation of peripheral vascular resistance. Moreover, reducing the sodium pump activity may exaggerate neural stimulation and norepinephrine overflow, which might contribute to increase BP[68].

On the other hand, the low levels of plasma natriuretic peptides observed in obese and overweight individuals, especially in those with IR[70] may also predispose to salt retention and increased activation of the sympathetic and renin-angiotensin systems, leading to persistent BP elevations in patients with MetS[36,46,70] (Figure 1).

Patients with MetS have often raised levels of serum uric acid (SUA)[6,71]. Hyperuricemia has been usually attributed to hyperinsulinemia and IR in MetS[6] and is not acknowledged as a main mediator of MetS, and CV diseases (CVD) development. However, investigations conducted in the last decades have changed this traditional view, supporting the concept of an independent link between hyperuricemia and increased risk of MetS, diabetes, hypertension, kidney disease and CV disorders[71-74]. Pharmacologically induced mild-to-moderate hyperuricemia, via oxonic acid administration, in rats resulted in the development of high BP[72,73]. Experimental studies suggest that SUA might play a role in initiating hypertension through multiple mechanisms, including induction of oxidative stress, activation of RAAS and inhibition of NO[72]. A plausible common pathway for the above mechanisms is the development of renal arteriolar disease with interstitial macrophage and T-cell infiltration, eventually leading to renal vasoconstriction and ischemia[72]. Subsequent studies showed that the hypertension developed in 2 phases. Initially, reducing SUA with either xanthine oxidase inhibitors or uricosuric agents could directly reverse the hypertension. Hypertension during this (salt-resistant) phase was mediated by uric acid-dependent activation of the RAAS, by the induction of oxidative stress, and by the reduction in endothelial NO levels[72]. Over time the animals developed significant renal microvascular disease and tubulointerstitial inflammation, and the hypertension became kidney-dependent and salt-sensitive and persisted despite allowing uric acid levels to return to baseline levels[73]. 

Lowering SUA with either allopurinol or probenecid has been shown to markedly reduce BP in pilot studies of adolescents with hypertension or prehypertension, whereas effects on adults with primary hypertension are less prominent[72,73]. More recently, in 2045 participants of the PAMELA study, elevated SUA levels predicted new-onset home and ambulatory hypertension as well as cardiovascular and all-cause mortality[74]. There are also studies that suggest SUA may not play a role in hypertension and related disorders[73,75,76]. One of the strongest arguments is based on gene wide association studies, which have been able to link polymorphisms in urate transporters with hyperuricemia and gout but not with high BP[73]. Therefore, despite the findings obtained in animals studies and in adolescents, the question regarding the exact role of uric acid in inducing hypertension and CV diseases remains unanswered.

All the above-described prohypertensive mechanisms may provide the explanation of a common pathophysiological feature observed in patients with MetS that is sodium sensitivity. Chen et al[77] evaluated the association between MetS and salt sensitivity of BP in 1906 subjects (with and without MetS). Study participants received a low-sodium diet (3 g sodium chloride per day) for 7 d, followed by a high-sodium diet (18 g sodium chloride per day) for an additional 7 d[77]. They found that: multivariable-adjusted mean changes in BP were significantly greater in participants with MetS than in those without on both low-sodium and high-sodium diets[77].

These results support the notion that patients with MetS, especially those with obesity, are very sensible to sodium intake[36,45,46].

METABOLIC SYNDROME AND CARDIOVASCULAR RISK

The high prevalence of the MetS is of considerable concern because several studies suggest that people with the MetS are at increased risk for developing T2DM[18-20,78] and CV events[18-22,25,27,29-32,78-82].

The ability of MetS to predict the development of T2DM has been examined in numerous studies; it was estimated that the MetS approximately quintuples the risk for incident T2DM[14,78].

About a hundred longitudinal studies were performed in order to assess the CV prognostic impact of the MetS[18-22,25,27,29-32,82] and the vast majority of them were included in the four meta-analyses carried out up to now summarizing this issue[78-81].

The most recent and largest of them was that of Mottillo et al[81] that included near one million patients (total n = 951083). The MetS, defined according to the ATPIII criteria, was associated with a 2-fold increase in risk of CVD, CV mortality, myocardial infarction and stroke, and a 1.5-fold increase in risk of all-cause mortality[81].

Whether or not the prognostic significance of the MetS exceeds the risk associated with the sum of its individual components is still a matter of debate. Even if a number of studies support the notion that diagnosing the MetS adds nothing beyond each individual risk factor for predicting CVD[11,12], other investigations[8,20], such as the METS-GREECE Multicentre study, seem to suggest the opposite[82]. More recently, in the 19257 hypertensive patients randomized in the Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering Arm MetS was significantly associated with coronary outcomes, stroke, and all-cause mortality after adjusting for age, sex, and ethnicity. However, when the model was further adjusted for the individual components, MetS was associated with significantly increased risk of stroke and all-cause mortality but not coronary disease (Table 1)[32]. 

The adverse prognostic impact of the MetS, in hypertensive patients was also observed in other six investigations (Table 1)[22,25,27,29-31]. In the aforementioned PIUMA study, hypertensive participants with MetS had an increased risk of developing cardiac and cerebrovascular events, independently of traditional CV risk factors, including left ventricular (LV) hypertrophy (LVH) and 24-h BP[25]. Most notably, the association between the MetS and future CV morbidity also held in patients without diabetes mellitus at the baseline examination[25]. 

In contrast with these studies, in the European Lacidipine Study on Atherosclerosis study, a large cohort of well-treated hypertensive subjects, outcomes were not different between patients with MetS and those without it[28], probably because an effective antihypertensive treatment may largely counteract the detrimental influence of Mets (Table 1). 

It is conceivable that the increased CV risk conferred by MetS in hypertensive subjects may in part be mediated through preclinical cardiac and renal organ damage. Indeed, major CV events in most hypertensive patients are preceded by the development of asymptomatic cardiovascular and renal structural and functional abnormalities[83]; most of which are recognized as significant independent predictors of adverse cardiovascular outcomes[84-87].

METABOLIC SYNDROME AND HYPERTENSIVE TARGET ORGAN DAMAGE

The very frequent occurrence of BP values in the high normal or frankly hypertension range in subjects with the MetS[18-21] may explain the increased prevalence of hypertension-related preclinical (or asymptomatic) organ damage, such as LVH, elevated urinary albumin excretion rate and arterial stiffening[18-21,23,24,26]. Some of these markers of organ damage, however, are frequently observed also in individuals who have the MetS without a BP elevation, or also in hypertensive individuals after adjustment for BP values in multivariate analyses, suggesting that other components of this condition play a role independently of BP[20] (Table 2).

We performed a cross-sectional study to assess the impact of MetS, defined according to the NCEP-ATPⅢ criteria, on some cardiac, renal and retinal markers of target organ damage (TOD), in 353 non-diabetic young and middle aged essential hypertensives without clinical or laboratory evidence of CV and renal diseases[26]. 

In a subset of untreated subjects of the same population, we also explored the carotid-femoral pulse wave velocity (PWV), a measure of aortic stiffness, in patients with and without MetS[88].

Hypertensive patients with MetS exhibited higher LV mass on echocardiography [either normalized by body surface area (BSA) or by height elevated by a power of 2.7], relative wall thickness, left atrial size, and greater prevalence of LV hypertrophy, lower mid-wall fractional shortening and a longer E-wave deceleration time than subjects without MetS[26]. These results were maintained even after correction for several confounding variables, such as age, gender distribution, severity and duration of hypertension and previous antihypertensive therapy. In particular, after adjustment for these covariates, the likelihood of LV hypertrophy was 2.89-fold (95% interval, 1.68 to 4.98) higher in subjects with MetS than in those without it, when LV mass was indexed by height2.7 (LVMH2.7)[26]. Moreover, the higher the number of components of the MetS, the greater the LVMH2.7[18]. It is noteworthy that the relationship between MetS and LV mass was confirmed in multivariate regression models, including MetS together with its individual components, as independent variables[26]; this seems to suggest that MetS may have a deleterious effect on cardiac structure over and above the potential contribution of each single component of this syndrome, and that the confluence of abnormalities that comprise MetS may have a synergistic negative impact on LV mass. 

We obtained similar results also when the influence of Mets on cardiac mass was evaluated in white coat hypertensives[89]. and in a subgroup of overweight and obese hypertensive patients[90]. On the other hand we did not observe a significant effect modifier of gender on the association between MetS and LV mass[91], at variance with the results reported in some[92-94], but not all[95,96], investigations exploring this issue.

Indeed, we found similar differences, regarding LV mass, in females and males with MetS when compared to their counterparts without the MetS (Figure 2)[91]. Moreover, in a two-factor ANOVA model, the analysis of the interaction term “gender × MetS” revealed no significant effect of sex on the association between MetS and LV mass, either normalized for BSA or height2.7[91].

The unfavorable impact of the MetS on cardiac structure was confirmed in a large number of cross-sectional studies, conducted in different ethnic groups, in general populations[97-102], as well as in hypertensive patients[18-20,103] (Table 2). Moreover, it was even more convincingly demonstrated by the population based PAMELA study, in which the subjects with MetS had a three fold risk to develop LVH, than those without it, during a ten years follow-up period[104].

The putative mechanisms by which MetS promotes LVH[18,19] are summarized in Figure 3. It is interesting to note that a variety of studies suggest that LV diastolic function may be adversely influenced by the MetS per se[99-101], even in the absence of diabetes and hypertension and in part independently of age and left ventricular mass[105].

The asymptomatic changes in cardiac structure and function induced by the Mets largely explain why this syndrome is a powerful independent predictor of subsequent heart failure (HF), even after adjustment for established risk factors for HF[106,107]. This increased HF risk may be in part promoted by insulin resistance and accompanying hyperinsulinemia that may have direct myocardial effects in addition to its proatherosclerotic effects. Indeed, in the Uppsala Longitudinal Study of Adult Men, insulin resistance, measured with the reference standard euglycaemic insulin clamp technique, was an independent risk factor for HF, taking diabetes, obesity and other potential confounding factors into account[108].

There are other important findings from our study that deserve special mention: hypertensive subjects with Mets compared to those without it showed greater level of albumin excretion rate and consequently higher prevalence of microalbuminuria[26], that is nowadays considered, not only a predictor of renal complications, but also a harbinger of premature CVD[86,87]. These results, that we confirmed in the larger population of the above described REDHY study[35] (Figure 4), are consistent with the findings of other investigations conducted in hypertensive patients[23,24] and in general populations[102,109]. In some of these studies[109] and in other ones[110-113], with cross-sectional and longitudinal design, a relationship between the MetS and chronic kidney disease was also observed (Table 2).

Another result of our study merits a comment. In keeping with other reports[114,115], we noted an increased prevalence of grade Ⅰ and grade Ⅱ hypertensive retinopathy in subjects with MetS when compared to persons without MetS[26]. However, because the prognostic implications of early hypertensive retinopathy grades are unclear[116], the clinical significance of these findings remains undefined. 

Unlike the milder forms of hypertensive retinopathy, prognostic value of increased aortic stiffness seems to be more soundly demonstrated; there is an extensive and very consistent body of evidence showing that large artery stiffening is a powerful predictor of CV morbidity and mortality[85]. Because a fundamental principle states that pulse waves travel faster in stiffer arteries, PWV is the most widely used measure of arterial stiffness. PWV measured along the aortic and aorto-iliac pathway is the most clinically relevant since the aorta and its first branches are responsible for most of the pathophysiological effects of arterial stiffness[85]. Therefore, aortic PWV is regarded as the gold standard measurement of arterial stiffness.

When we assess the influence of MetS on aortic PWV in a sample of never treated non-diabetic patients with essential hypertension, we found more elevated PWV in subjects with MetS when compared to those without it[88]. 

These data, that we recently replicated in a wider group of hypertensive patients (Figure 5), are in line with the results we observed in another cross sectional study carried out in 528 nondiabetic patients (age 18 to 72 years) with essential hypertension[116]. We found that, when compared with subjects without MetS, hypertensive patients with MetS exhibited more elevated clinic and 24-h pulse pressures that may be considered as a proxy for arterial stiffness, especially in older subjects. The difference held even after correction for age, sex, stroke volume, mean pressures, and total cholesterol[116]. The regression line relating PP with age was steeper in patients with MetS than in those without MetS (Figure 6), suggesting that arterial aging is faster in the former as compared to the latter[117]. 

Our observations are in agreement with several lines of evidence[101,118-122], suggesting that the Mets accelerates the age-related rise in arterial stiffness, leading to a condition defined as early vascular aging (EVA)[123]. Premature arterial senescence in MetS is biologically plausible. The structural changes occurring during aging in large arteries include extensive impairment of the elastin fiber network, increase in collagen content, calcification of the media, and accumulation and migration of VSMC in the arterial walls[121,123]. In subjects with MetS, these modifications may occur earlier, especially in the aorta, for several reasons: (1) activation of the RAAS, that is involved in regulating the turnover of extracellular matrix proteins and that is a strong regulator of matrix metalloproteinase and tissue inhibitor of metalloproteinases; (2) increase in oxidative stress and chronic low grade inflammation; (3) increased glycation of matrix proteins; (4) decreased endothelial bioavailability of nitric oxide associated with insulin resistance; (5) endothelin-1 increase; (6) elevation in leptin; and (7) hypoadiponectinemia[18-20].

EVA, as well as other indices of preclinical organ damage, reflects cumulative damaging effects from risk factors and entails an enhanced risk of CV events and of cognitive dysfunction[123]. Schillaci et al[119] in 169 newly diagnosed non-diabetic hypertensive subjects, observed a greater aortic PWV in the subgroup with MetS, whereas upper limb PWV did not differ in the groups with and without MetS. Very recently, Scuteri et al[120] studied 20570 subjects from 9 cohorts representing 8 different European countries and the United States, participating in the Metabolic syndrome and Arteries REsearch (MARE) Consortium. In this large-scale observational study any cluster of MetS components identified as MetS, with the exception of low HDLc (H) + high triglycerides (T) + abdominal obesity (W), was associated with stiffer arteries than in control subjects[120]. Overall, the combinations T + elevated BP (B) + W, elevated fasting glucose (G) + B + W, and G + T + B + W were consistently associated with significantly stiffer arteries to an extent similar or greater than observed in subjects with alteration in all the five MetS components, even after adjustment for multiple confounders. Differences in BP levels amongst the clusters of MetS components do not seem to explain the reported difference in the odds of having stiffer arteries[120]. The results attained in the MARE Consortium concur with those obtained in the SardiNIA Project[121] and in the Baltimore Longitudinal Study on Aging[122] where the subject with MetS showed an increased carotid stiffness when compared with subjects without it. 

Moreover, the results of these studies support the notion that the MetS accelerates arterial ageing over and above the predicted power of its individual components, in marked contrast with the concept that the MetS does not provide further information in addition to the sum of its components. In the same investigations an association between MetS and carotid intima-media thickness has been observed[121,122], in accordance with some[23,24,28,102,124], but not all studies[101,125].
A significant association between carotid atherosclerosis and MetS has been reported in participants in the Framingham Offspring study with MetS[102]. In the same study a greater prevalence of various indices of subclinical CVD (left ventricular hypertrophy by electrocardiography or echocardiography, carotid ultrasound abnormalities, reduced ankle-brachial index, microalbuminuria) was described in subjects with MetS[102].

Interestingly, individuals with MetS with evidence of subclinical disease experienced a risk of CV events nearly threefold that of participants without subclinical disease. The presence of subclinical disease conferred approximately a two-fold risk of overt CVD even in those without either MetS or diabetes (compared with their counterparts without subclinical disease). Adjustment for subclinical disease presence markedly attenuated the association of MetS with CVD risk[102]. This observation emphasizes the important role of subclinical disease in mediating the CV risks associated with MetS.

METABOLIC SYNDROME AND HYPERTENSION: THERAPEUTIC IMPLICATIONS

Effective CVD prevention requires that multiple risk factors be addressed simultaneously to obtain the most significant reduction of morbidity and mortality in a given population. From this point of view, the identification of patients with the MetS offers a unique chance of practicing preventive medicine.

Once identified, aggressive treatment of the MetS is crucial to reduce the increased CV risk. Medications are targeted to individual components of the syndrome (Table 3). However, although pharmacological therapy is often necessary, the cornerstone of treating the MetS remains lifestyle modification[5,20], that represents the only truly holistic therapeutic approach that can reduce insulin resistance and visceral obesity. It involves behavioral counseling, education, dietary changes and increased physical activity, with a goal of ≥ 30 min of moderate-intensity activity on most days of the week[5,20]. Even modest weight loss (7% to 10% of body weight) results in decreased fat mass, BP, glucose, and triglyceride levels[5,20]. These benefits can also translate into improved long-term outcome, especially if weight loss and lifestyle alterations are maintained. 

A meta-analysis of 50 studies and 534906 individuals showed that adherence to the Mediterranean diet protect against the development of the MetS and its individual components. This dietary pattern, that can be easily followed by various cultures with small modifications, is characterized by the frequent consumption of olive oil, fruits, tree nuts, legumes, whole grains, weekly consumption of fish and poultry, a relatively low consumption of red meat, as well as a moderate consumption of alcohol normally with meal and usually in the form of red wine[126]. However, the remaining challenge is how to promote long-term adherence to a healthier, more active lifestyle and avoid reversion to old habits.

The more recent European guidelines for the management of hypertension do not recommend prescribing antihypertensive drugs in subjects with high normal BP, because no evidence is available[127]. The same guidelines do point out that beta-blockers (except for vasodilating beta-blockers) and diuretics (especially when combined together) may facilitate the development of new onset diabetes and therefore should be avoided as first line therapy in hypertensives with MetS[127]. When diuretics are employed, low doses should be used, preferably in association with a potassium-sparing drug, because hypokalemia may worsen glucose metabolism[127]. 
Unlike beta-blockers and diuretics, newer antihypertensive medications are associated with a reduced (or not increased) risk of incident diabetes[20,51,127] and they are also associated with better adherence to therapy[128]. In addition, it has been demonstrated that obese hypertensive patients during weight loss therapy show significantly better weight reduction and improvement of insulin resistance when treated with newer antihypertensive medications compared to the older BP lowering drugs (especially beta-blockers)[20,65,127]. Of the newer antihypertensive treatments angiotensin receptor blockers (ARBs) have been found to be associated with lowest rate of discontinuation of therapy[128] and with lowest incidence of new onset diabetes[129]. Moreover, specific ARBs (telmisartan and to a lesser extent irbesartan) seem to allow a superior control of BP over 24 h, documented also in subjects with MetS[130] and also a partial peroxisome proliferator-activated receptor- agonism not present in other ARBs or ACE-inhibitors (ACEI)[20,127,131]. However, the clinical relevance of these differences seem to be negligible or uncertain, since in the Ongoing Telmisartan Alone and in Combination with Ramipril Trial, telmisartan was not more effective than rampiril in preventing CV events or delaying onset of diabetes[127].

The choice of the newer BP lowering drugs, such as the RAAS-blockers and the long-acting calcium antagonists, seems to be particularly recommended in hypertensive patients with MetS, in the light of the abovementioned marked tendency of these subjects to the development of LVH and stiffening of the large arteries[18-26]. As a matter of fact, the efficacy of these drugs, in reducing LV mass and arterial stiffness[127] is greater than the older ones.

Although meta-analyses suggest antihypertensive drugs have a similar effect on reducing CV events[127], no randomized clinical trial has been specifically performed in hypertensive patients with the MetS, having the aim to test the superiority of one class of BP lowering drugs over another. However, very recently, in the Cardiovascular Health Study, a community-based prospective cohort study conducted by the National Heart Lung and Blood Institute, the association between the use of ACEI/ARBs and incident CV events was evaluated in elderly people with hypertension and MetS[132]. ACEI/ARBs use was associated with a lower risk of CVD events, primarily due to a reduction in coronary events[132]. Pending validation from prospective clinical trials, it seems reasonable to say that ACEI/ARBs may be the preferred treatment for hypertension management in patients with MetS.

Newer antihypertensive agents lead to better control of BP in part brought about by better adherence, thereby reducing the risk of CVD. Needless to say that CV events and new onset T2DM are associated with significant social and health costs. Therefore, in patients with hypertension and MetS, some of the drug costs of newer antihypertensive medications will be balanced by costs saved from reducing these negative outcomes. 

CONCLUSION
An extensive body of evidence suggests that the MetS may accelerate arterial aging and amplify hypertension-related cardiac and renal changes. Some of the MetS components, when considered individually may have little or no influence on TOD, but when taken together may synergistically interact promoting the development of LV hypertrophy, LV diastolic dysfunction, aortic stiffness and microalbuminuria. The marked tendency of the hypertensive patients with the MetS to develop these preclinical manifestations of end-organ damage, may largely explain why the MetS entails an increased risk of CV morbidity and mortality, since these markers of TOD are well-known predictors of CV events. Therefore, identifying the MetS in hypertensive patients may enable the clinician to better assess the CV risk. Once this syndrome is properly identified, aggressive implementation of therapeutic lifestyle changes and appropriate medications, able to decrease insulin resistance, hyperinsulinemia and weight gain can greatly reduce its adverse prognostic impact. 
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Figure 1  Hypothetical mechanisms by which the metabolic syndrome may lead to high blood pressure. NO: Nitric oxide; ET-1: Endothelin-1; SNS: Sympathetic nervous system; RAAS: Renin-angiotensin-aldosterone system; CTRP1: Complement-C1q tumor necrosis factor-related protein 1; EKODE: Epoxy-keno derivative of linoleic acid; TPR: Total peripheral resistance; EDLF: Endogenous digoxin-like factor; [Cai2+]: Intracellular concentration of calcium; [Nai+]: Intracellular concentration of sodium.
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Figure 2  Mean values of left ventricular mass indexed for height2.7 in hypertensive men and women with and without the metabolic syndrome[91]. LVMH2.7: Left ventricular mass indexed for height2.7; MetS: Metabolic syndrome.
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Figure 3  Putative mechanisms by which metabolic syndrome promotes left ventricular hypertrophy. SNS: Sympathetic nervous system; CTRP1: Complement-C1q Tumor necrosis factor-related protein 1; EKODE: Epoxy-keto derivative of linoleic acid; LVH: Left ventricular hypertrophy. 
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Figure 4  Box plots showing urinary albumin excretion rates in nondiabetic hypertensives participating in the Renal Dysfunction in Hypertension study[39], divided in subjects with and without the metabolic syndrome. In the Box-and-Whisker plots, the central boxes represent the interquartile range (25th to 75th percentile). The middle lines, and the numbers above these lines, represent the median values. Lower and upper whiskers extend to 5th and 95th percentile. MetS: Metabolic syndrome.
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Figure 5  Mean values of aortic pulse wave velocity in untreated hypertensive subjects with and without the metabolic syndrome[76]. MetS: Metabolic syndrome.
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Figure 6  Scatterplot showing the relationship between age and pulse pressure in subjects with (black circles) and in those without (white circles) metabolic syndrome. The calculated regression lines for the former (continuous line) and the latter patients (dotted line) were also shown. The difference regarding the slopes of the two regression lines was statistically significant (P = 0.01).
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Table 1  Prospective studies exploring the association of metabolic syndrome with cardiovascular events and all-cause mortality in hypertensive subjects


Ref.


�
No. of subjects (population)


�
Mean follow-up (yr)


�
Mean age (yr)


�
MetS (%)


�
MetS definition


�
T2DM (%)


�
Risk of all-cause mortality


�
Risk of CV events


�
�
Schillaci et al[25]


�
1742 (Italian hypertensives without CVD at baseline)


�
4.1


�
50


�
34.0


�
Modified ATP Ⅲ


�
  6.0


�
Not reported


�
HR = 1.73 (1.25-2.38)


Cardiac events: HR = 1.48,


(1.01-2.27). Cerebrovascular events: HR = 2.11 (1.27-3.50)


After exclusion of T2DM


HR = 1.43 (1.02-2.08)�
�
Pierdomenico et al[27]


�
802 (Italian hypertensives without T2DM, TOD and CVD at baseline)


�
6.9


�
53


�
27.2


�
Modified ATP Ⅲ


�
      0


�
Not assessed


�
HR = 2.64 (1.52-4.58)


�
�
Andreadis et al[29]


�
1007 (Greek hypertensives without CVD at baseline)


�
2.1


�
59


�
42.1


�
Modified ATP Ⅲ


�
13.2


�
Not assessed


�
HR = 1.75 (1.15-2.66)


Cardiac events: HR = 1.73 (1.00-3.00). Cerebrovascular events: HR = 1.91 (1.01-3.58)


After exclusion of T2DM: HR = 1.67 (1.01-2.74)�
�
Zanchetti et al[28]


�
2034 (European hypertensives participating in the ELSA study)


�
3.7


�
56


�
33.3


�
Modified ATP Ⅲ


�
  4.5


�
Not assessed


�
Incidence of CV events not different (about 6% in subjects with and in those without MetS) 


�
�
Pannier et al[22]


�
26447 French hypertensives without CVD at baseline


�
4.1


�
50


�
17.8


�
ATP Ⅲ


�
Not reported


�
HR = 1.40 


(1.13-1.74)�
Not assessed


�
�
de Simone et al[30]


�
8243 hypertensives with EKG-LVH participating in the LIFE study 


�
4.8


�
67


�
19.3


�
Modified ATP Ⅲ


�
12.5


�
Not assessed


�
HR = 1.47 (1.27-1.71) 


CV death: HR = 1.73 (1.38-2.17) �
�
Vlek et al[31]


�
1815 hypertensives with CVD at baseline and without T2DM 


�
3.9


�
61


�
42.7


�
ATP Ⅲ


�
      0


�
Not assessed


�
HR = 1.24 (0.95-1.62)


CV death: HR = 1.41 (1.01-1.98)�
�
Gupta et al[32]


�
19257 hypertensives participating in the ASCOT-BPLA study


�
5.5


�
63


�
43.8


�
ATP Ⅲ


�
27.0


�
HR = 1.35 


(1.16-1.58)1�
Stroke: HR = 1.34 (1.07-1.68)1


MI: HR = 1.16 (0.95-1.43)1�
�
1HR are adjusted for the individual components of MetS. MetS: Metabolic syndrome; CVD: Cardiovascular disease; ATP Ⅲ: Third report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults; T2DM: Type 2 diabetes mellitus; TOD: Target organ damage; CV: Cardiovascular; MI: Myocardial infarction; EKG-LVH: Left ventricular hypertrophy detected by electrocardiography; ELSA: European Lacidipine Study on Atherosclerosis; LIFE: Losartan Intervention For Endpoint reduction; ASCOT-BPLA: Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering Arm.





Table 2  Cross-sectional studies investigating the association of metabolic syndrome with various markers of subclinical organ damage


Ref.


�
No. of subjects 


�
LVM


�
LV diastolic 


�
Carotid IMT 


�
Micro-


�
CKD


�
Arterial 


�
�
�
(population)


�
�
function


�
and plaques


�
albuminuria


�
�
stiffness


�
�
Mancia et al[21]


�
2051 (Italian GP)


�
↑


�
-


�
-


�
-


�
-


�
-


�
�
Cuspidi et al[23] 


�
447 (Italian hypertensives)


�
↑


�
-


�
↑


�
↑


�
-


�
-


�
�
Leoncini et al[24]


�
354 (Italian hypertensives)


�
↑


�
-


�
↑


�
↑


�
-


�
-


�
�
Mulè et al[26]


�
353 (Italian hypertensives)


�
↑


�
Impaired


�
-


�
↑


�
-


�
-


�
�
Mulè et al[91]


�
475 (Italian hypertensives)


�
↑


�
Impaired


�
-


�
-


�
-


�
-


�
�
Schillaci et al[92]


�
618 (Italian hypertensives)


�
 ↑1


�
Impaired1


�
-


�
-


�
-


�
-


�
�
Nicolini et al[93]


�
200 (Italian hypertensives)


�
 ↑1


�
Impaired1


�
-


�
-


�
-


�
-


�
�
Aijaz et al[94]


�
2042 (United States GP)


�
 ↑1


�
Impaired1


�
-


�
-


�
-


�
-


�
�
Sundström et al[96]


�
820 (elderly Swedish GP)


�
↑


�
�
�
�
�
�
�
de Simone et al[97]


�
2758 (American Indian GP)


�
↑


�
Impaired


�
-


�
-


�
-


�
-


�
�
Burchfiel et al[98]


�
1572 (United States Black GP)


�
↑


�
-


�
-


�
-


�
-


�
-


�
�
de las Fuentes et al[99]


�
607 (United States GP)


�
↑


�
Impaired


�
-


�
-


�
-


�
-


�
�
Hwang et al[100]


�
1599 (South Korean GP)


�
↑


�
Impaired


�
-


�
-


�
-


�
-


�
�
Kim et al[101]


�
1886 (South Korean GP)


�
�
Impaired


�
=


�
-


�
-


�
↑


�
�
Ingelsson et al[102]


�
1945 (United States GP)


�
↑


�
-


�
↑


�
↑


�
-


�
-


�
�
Ferrara et al[103]


�
340 (Italian hypertensives)


�
↑


�
�
=


�
�
�
�
�
Aksoy et al[105]


�
90 (Turkish subjects)


�
↑


�
Impaired


�
-


�
-


�
-


�
-


�
�
Mulè et al[88]


�
93 (Italian hypertensives)


�
-


�
-


�
-


�
-


�
-


�
↑


�
�
Schillaci et al[119]


�
169 (Italian hypertensives)


�
-


�
-


�
-


�
↑


�
-


�
↑


�
�
Scuteri et al[120]


�
20750 (9 cohorts from Europe and United States)


�
-


�
-


�
 


�
-


�
-


�
↑


�
�
Scuteri et al[121]


�
6148 (Italian GP aged 14-102 years)


�
-


�
-


�
↑


�
-


�
-


�
↑


�
�
Scuteri et al[122]


�
471 (United States GP)


�
-


�
-


�
↑


�
-


�
-


�
↑


�
�
Zanchetti et al[28]


�
2034 (European hypertensives)


�
-


�
-


�
↑


�
-


�
-


�
-


�
�
Kawamoto et al[124]


�
760 (Japanese patients)


�
-


�
-


�
↑


�
-


�
-


�
-


�
�
Irace et al[125]


�
1853 (Italian GP)


�
�
�
=


�
�
�
�
�
Chen et al[110]


�
6217 (United States GP)


�
-


�
-


�
-


�
↑


�
↑


�
-


�
�
Chen et al[109]


�
15160 (Chinese GP)


�
-


�
-


�
-


�
↑


�
↑


�
-


�
�
Navarro et al[111]


�
8425 (Spanish hypertensives)


�
-


�
-


�
-


�
-


�
↑


�
-


�
�
Johns et al[112]


�
574 (United States non-diabetic GP)


�
-


�
-


�
-


�
-


�
↑


�
-


�
�
1Only in women. LVM: Left ventricular mass; IMT: Intima-media thickness; CKD: Chronic kidney disease; =: No difference; ↑: Increased; -: Not evaluated; LV: Left ventricular; GP: General population.





Table 3  Therapeutic approaches in patients with metabolic syndrome


Metabolic syndrome component


�
Goal of therapy


�
Drugs


�
Diet


�
Physical exercise


�
�
Arterial hypertension


�
BP < 140/90 mmHg


�
ACEI or ARBs and/


or Ca-antagonists and/


or alpha-blockers1


Limit diuretics and beta-blockers�
Salt restriction


and hypocaloric�
Regular


exercise�
�
Hyperglycemia 


�
HbA1c < 7%-6.5%


�
Metformin


GLP-1-Agonists 


DPP-4-inhibitors�
Hypocaloric


�
Regular


exercise�
�
Obesity


�
Weight loss 7%-10%


�
Orlistat


Bariatric Surgery�
Hypocaloric


�
Regular


exercise�
�
Dyslipidemia


�
LDL < 100-70 mg/dL


TG < 150 mg/dL


HDL: Men > 40/


Women > 50 mg/dL�
Statins ± ezetimibe.


PUFA-n-3, Fibrates�
Hypocaloric


�
Regular


exercise�
�
1Not first choice. BP: Blood pressure; ACEI: Angiotensin converting enzyme inhibithors; ARBs: Angiotensin Ⅱ receptor blockers; GLP-1: Glucagon-like peptide-1; DPP-4: Dipeptidyl peptidase-4; LDL: Low-density lipoprotein; TG: Triglycerides; HDL: High-density lipoprotein; PUFA-n-3: Omega-3-Polyunsaturated.











