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Abstract

Metabolic syndrome (MetS) refers to the commonly occurring disorder
comprising central obesity, systemic hypertension (HTN), insulin resistance,
atherogenic dyslipidemia specifically hypertriglyceridemia, and reduced levels of
high-density lipoprotein cholesterol (HDL). The prevalence of MetS worldwide
ranges from 20% to 25% in the adult population and 0% to 19.2% in children, but it
can reach almost 80% in type 2 diabetes patients. Increased blood pressure (BP) is
considered an important component of MetS. More than 85% of those with MetS,
even in the absence of diabetes mellitus (DM), have elevated BP or HTN. Dietary pat-
terns, such as Mediterranean-style, dietary approaches to stop hypertension (DASH),
low-carbohydrate, and low-fat diets, can improve insulin resistance and MetS. Dietary
patterns high in fruit and vegetable content were generally found to be associated
with a lower prevalence of MetS. Evidence reinforces that DASH, Nordic diet, and
Mediterranean diet (MD) significantly lowered systolic BP and diastolic BP by 4.26
and 2.38 mm Hg, respectively. Therefore, we aim to review the available evidence on
the effect of dietary patterns on the treatment of HTN in patients with MetS.

Keywords: dietary pattern, diet, hypertension, treatment, control, MetS

1. Introduction

Metabolic syndrome (MetS) is a growing public health problem worldwide,
which is associated with an increased risk of cardiovascular morbidity and mortal-
ity [1-4]. Although many classifications have been proposed for the diagnosis of
MetS, the one proposed by the International Diabetes Federation (IDF), which
defines MetS as the combination of clinical and metabolic factors, including insulin
resistance, hyperglycemia, hypertension (HTN), dyslipidemia, and abdominal
obesity, is the most used.
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Many researchers consider MetS as a transitional stage prior to organ dysfunc-
tion and death from many associated diseases, such as diabetes mellitus (DM) and
cardiovascular disease (CVD) [1]. Dietary pattern is an essential element associated
with MetS components, such as HTN, dyslipidemia, obesity, diabetes, and conse-
quently CVD [3, 4]. Several studies have reported that an unhealthy diet is associated
with higher CVD risk factors, and a healthy dietary pattern is associated with lower
risk [2, 4]. Dietary patterns with processed food and red meat have been linked to
metabolic factors and CVD, whereas a Mediterranean diet (MD) is beneficial to
metabolic risk factors [3, 4].

HTN is the main MetS risk factor that leads to increased cardiovascular morbid-
ity and mortality and is additionally an important risk factor for the development
of chronic kidney disease in the presence of obesity, MetS, and microalbuminuria
[1]. The association between high BP and MetS is strongly linked to the causative
pathway of obesity. Blood pressure (BP) control in persons with MetS may prevent
a significant number of coronary heart disease events. The primary step of treat-
ment is lifestyle intervention with reduced caloric intake and increased physical
activity. In hypertensive patients, the presence of MetS is associated with higher
noncontrolled HTN levels [1], while the optimal antihypertensive treatment has
been debated for years.

The relationship between dietary patterns and MetsS risk factors is well-estab-
lished, as indicated by recent meta-analyses [5, 6], and evidence considerably varied
across populations. While a “healthy” dietary pattern (a diet rich in high vegetables,
fruits, and fish consumption) was inversely associated with MetS [7], a “western”
dietary pattern—high consumption of processed food and red meat, refined grains,
alcohol and fried foods, increased the risk of MetS [8].

Globally, it was estimated that a quarter of the world’s adult population had high
BP in 2002, and the prevalence is estimated to increase to 29% by 2025 [9]. The
prevalence of obesity and other MetS components in many low and middle-income
countries has dramatically increased in the past decade [10]. These include the rising
prevalence of HTN and obesity which are the main risk factors for cardiovascular
diseases such as heart diseases and stroke worldwide [11].

Several studies have tried to bring more insight into the dietary determinants of
MetS [12, 13]. Some of their limitations include a relatively small sample size of the
studies, [13, 14] lack of diversity of the populations [15], limitations in the generaliz-
ability of the findings [15], and a single-nutrient approach [12, 13], whereas diet by
definition is complex. Dietary pattern analysis has emerged as an attractive alternative
approach for examining the effect of overall diet reflecting the eating behaviors of
the population in the real world, as a result of more recognition of limitations inher-
ent to the single nutrient approach [16]. In the assessment of dietary patterns, using
instruments such as principal component analysis (PCA) allows to identify groups of
nutrients through the creation of secondary variables representative of nutrients that
are often consumed together. These quantitative secondary variables representative of
different dietary patterns can be used in subsequent analysis to explore the relation-
ship between specific dietary patterns and MetS. However, the latter approach is also
limited by its inability to detect the predictive power of significant single nutrients,
which may not be grouped with the other more complex dietary patterns. With this
study, we aim to review the effect of dietary patterns on HTN treatment in patients
with MetS.
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2. Prevalence of metabolic syndrome in the general population and
hypertensive patients

MetS is a booming global problem, with an increasing prevalence in many
developing countries mainly in the urban populations [17, 18]. It is estimated that
approximately one-fourth of the adult European population has MetS, with a similar
prevalence in Latin America [19]. Likewise, MetS is considered an emerging epidemic
in developing East Asian countries, including Korea, Japan, and China. In this region,
the prevalence of MetS is estimated to range from 8% to 13% in men and from 2% to
18% in women, according to the definitions used.

The prevalence of the MetS is increasing in parallel with the growing epidemic of
obesity. Almost two-thirds of the population in 2008 were overweight or obese in the
United States with more than 25% of the population meeting the diagnostic criteria
for MetS [19]. Comparative survey data from the late 1990s and early 2000s (1999-
2000 data) showed that the age-adjusted prevalence of MetS among US adults aged
20 years and older increased from 27% (1988-1994 data) to 32% [20]. The 2011-2014
National Health and Nutrition Examination Survey (NHANES) data showed a crude
estimated prevalence of 36.5% for adult obesity (32.3% in adults aged 20-39 years,
40.2% in those aged 40-59 years, and 37.0% in those aged >60 years) [21]. These data
also showed that the overall prevalence of obesity in women was 38.3% and 34.3% in
men. Among children and adolescents aged 2-19 years old, there was a prevalence of
obesity of around 17% in the same period (8.9% from 2 to 5 years old, 17.5% from 6 to
11 years old, and 20.5% from 12 to 19 years old) [21].

Luckily, since this peaked in the early 2000s (2001-2002 data), the overall
prevalence of MetS in the United States has dropped, mainly because of a decrease
in the prevalence of hypertriglyceridemia and HTN—and despite the increase in the
prevalence of hyperglycemia and obesity/waist circumference prevalence [22]. Data
from the 2009-2010 NHANES reported that the age-adjusted prevalence of MetS had
decreased to approximately 24% in men and 22% in women [23].

MetS is becoming more common even in African populations where the burden
of disease was mainly from infectious diseases [24, 25]. Among a group of hyperten-
sive Nigerians, the prevalence of MetS, according to three different definitions, was
reported to be 34.3% according to the ATP III definition for MetS, 35% according to
the WHO definition, and 42.9% according to the IDF definition [24, 26]. These rates
were generally similar to those reported in the Turkish study that included nondiabetic
adults, where the prevalence rates were as follows: 38% according to the NCEP-ATP
I1I definition, 42% according to the American College of Endocrinology (ACE) and
IDF definition, 20% according to the EGIR definition, and 19% according to the WHO
definition [26] These values are comparable with those reported in Canada, where one-
third of adult patients between 40 and 60 years old met the criteria for the MetS [27].

In the United States, African Americans have a higher prevalence of MetS, particu-
larly African American women, and this has been attributed to the higher prevalence
of obesity, HTN, and diabetes in this subgroup [28]. However, it was in Mexican
Americans that the highest prevalence of age-adjusted MetS was found, where approxi-
mately one-third (31.9%) of them met the diagnostic criteria for MetS, compared with
27% of the general population, according to data from a study in 1988-1994 [20].

The prevalence of the MetS is similar in both men (24%) and women (22%), after
adjusting for age [23]. However, several considerations have to be taken into account



Lifestyle-Related Diseases and Metabolic Syndrome

in women with MetS, including pregnancy, use of oral contraceptives, and polycystic
ovarian syndrome [29].

The prevalence of MetS increases as the population ages, with about 40% of
elderly people over 60 years old meeting the criteria for MetS [20]. However, MetS
can no longer be considered a disease for adult populations only. Evidence published
in the last decades indicates that both MetS and DM are increasingly prevalent in the
pediatric population, and this growth has been recorded in parallel with the increase
in the prevalence of obesity [30].

The presence of high BP is one of the required criteria for the diagnosis of MetS,
while evidence also suggests that people with MetS are more likely to have HTN [31].
Results from the Pressioni Arteriose Monitorate E Loro Associazioni (PAMELA)
study showed that high BP was the most frequent component of MetS in the patients
who participated in the study, and it was found in more than 80%. Furthermore,
participants with MetS were more prone to have higher home, office, and ambulatory
BP values compared to those without MetS. All-cause mortality was also more preva-
lent in the population with MetS [32].

Conversely, a significant number of patients with HTN simultaneously fulfill the
criteria for the diagnosis of MetS. Results from the Progetto Ipertensione Umbria
Monitoraggio Ambulatoriale (PIUMA) study reported that about 34% of the hyper-
tensive patients included also had MetS, and these patients were reported to have
more cardiovascular events than those without MetS [33]. In a population-based
study with more than 60,000 participants (39,998 men and 20,756 women) with
no personal history of cardiovascular disease, who had a health check-up at the IPC
Center (Paris, France) between 1999 and 2002, the prevalence of MetS increased
proportionally with the increase in BP values [34]. After a 10-year follow-up of
participants in the PAMELA study without MetS, the masked and sustained HTN
based on ambulatory measurements were all associated with a higher incidence of
new-onset MetS [35].

Studies conducted in the African region have consistently reported an increased
prevalence of MetS in hypertensive patients despite the still high burden of infectious
diseases. Tadewos et al. [36], in their study carried out in Southern Ethiopia reported
that the prevalence of MetS was 48.7% and the rate was comparable with the study
report from Nigeria, which was 45.6% [20]. This prevalence was even higher among
hypertensive women, 54.1% which was similar to the prevalence reported in Nigeria,
54% [37].

3. Vascular pathophysiology of hypertension in metabolic syndrome

The pathogenic mechanisms linked to MetS are complex and remain to be fully
explained. It is still debated whether the individual components of MetS represent
different pathologies or expressions of the same pathogenic mechanism. Abdominal
obesity is the main trigger for most of the mechanisms involved in MetS, thus high-
lighting the importance of a high caloric intake as the main causative factor [38]. Of
all the proposed mechanisms, insulin resistance, neurohormonal activation, and
chronic inflammation seem to be the leading players in the initiation, progression,
and transition from MetS to cardiovascular disease.

The excitatory effects of insulin on the sympathetic nervous system seem to
be centrally mediated, as they are observed only during systemic insulin infusion,
but not during local infusion [39]. In addition, high insulin levels increase sodium
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reabsorption [40] favoring the extracellular fluid volume expansion, which may
increase the risk of arterial HTN [41]. Furthermore, obesity leads to impaired renal-
pressure natriuresis and causes sodium retention. Obese individuals require higher BP
to preserve sodium balance, indicating impaired renal-pressure natriuresis [42].

The increase of epidemiological studies linking insulin resistance and hyperin-
sulinemia has sustained the idea of the so-called insulin hypothesis of HTN. There
is no doubt that epidemiological studies have linked insulin resistance to HTN [38,
43]. The insulin hypothesis of HTN states that the compensatory hyperinsulinemia
that happens with insulin resistance increases sodium reabsorption and sympathetic
activity, which combine to raise the BP. Much evidence supporting this hypothesis
comes from different studies. First, the correlation between insulin resistance and
high blood pressure [44], is emphasized by the fact that even lean persons with
essential HTN may have insulin resistance and hyperinsulinemia. Some authors go
a step further by claiming that essential HTN is by itself a state of insulin resistance
[45]. Second, insulin has multiple actions on the sympathetic nervous system,
kidneys, and vasculature bed that may lead to HTN. Third, many drugs that improve
insulin resistance and decrease hyperinsulinemia are reported to have antihyperten-
sive effects. For instance, Landin et al. reported in their study that hypertensive men
increased insulin sensitivity and significantly decreased arterial pressure after oral
administration of metformin to insulin resistant [46]. Another notable example is
the known BP lowering effects of the insulin sensitizers glitazones [47]. Finally, it is
known that insulin sensitivity is increased by some antihypertensives drugs, such as
angiotensin II-converting enzyme inhibitors [48] or angiotensin II receptor antago-
nists [49]. Despite the large body of evidence supporting the insulin hypothesis of
HTN, there is also important evidence against it. For example, the study by Hall
and collaborators failed to find a correlation between insulin and HTN in a well-
controlled model in dogs [50].

In addition to insulin, leptin is also associated with the relationship between obe-
sity and increased sympathetic activity. Apart from its effect on appetite and metabo-
lism, leptin has actions on the hypothalamus to increase BP through the sympathetic
nervous system activation mechanism [51]. Higher circulating levels of leptin are
reported to explain the increase in the renal sympathetic tone seen in obese patients
[52]. Evidence indicates that the leptin-induced increases in renal sympathetic activ-
ity and BP are mediated by the ventromedial and dorsomedial hypothalamus [53].

The finding that leptin or obesity receptor is expressed by the endothelium [54],
transformed endothelial cells, just like those of the hypothalamus, into a target for
this hormone. The presence of leptin receptors in the vascular endothelium and
not only in the central nervous system is important because it allows finding a link
between leptin and impaired vascular function in obese individuals [55]. Leptinis a
nitric oxide-dependent vasodilator but also increases peripheral vascular resistance
and sympathetic nerve activity [56]. The concentration of leptin in plasma is cor-
related with adiposity, and hyperleptinemia is indeed considered an independent risk
factor for cardiovascular disease [57].

Finally, in visceral obese patients, high circulating levels of free fatty acids may
induce the activation of the sympathetic nervous system. The increases in the release
of free fatty acids into the portal vein from lipolysis in visceral fat depots may explain
the association between visceral obesity and increased sympathetic nerve outflow in
these patients [58].

The discovery of the role of adipose tissue as an endocrine organ has gained
important implications in the understanding of the pathophysiological relationship
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between excess body fat and HTN [58]. Nearly all systemic arteries are surrounded

by a layer of perivascular adipose tissue (PVAT). In myographic studies, PVAT is
routinely removed, and this custom is based on the assumption that PVAT can prevent
the diffusion of vasoactive substances. This is perhaps the reason that despite the
great presence of PVAT, very little is known about its function in vascular physiology.

4. Dietary pattern, nutrients intake, and metabolic syndrome

Diet, as an important part of lifestyle, has been shown to be significantly associated
with different components of MetS [59]. Dietary patterns high in fruit and vegetable
content are generally associated with a lower prevalence of MetS. Otherwise, dietary
patterns with high meat intake are frequently associated with increased components of
MetS, particularly impaired glucose tolerance [5, 59].

The extent to which the consumption of an individual component in the diet is
associated with MetS is an issue that still needs to be clarified; however, some studies
suggest that dietary quality appears to play a more important role.

The Isle of Ely study [60] was a population-based study of type 2 diabetes and
metabolic disorders in men and women from the Isle of Ely in the United Kingdom.
Researchers used this cohort to investigate the relationship between dietary patterns
and components of MetS in 802 adults aged 40-65 years [60]. The study used PCA
to isolate four dietary patterns from food frequency questionnaire data, and related
these patterns to components of the MetS. Four diet patterns were derived through
the calculation of factor loadings for the variance of frequency for each food most
commonly consumed: (a) Diet 1 (fruit, salad, fish (not fried), other vegetables,
poultry, green vegetables, pasta/rice, and ice cream), (b) Diet 2 (cakes, sweets,
root, vegetables, biscuits, puddings/pies, pulses, green vegetables, chocolate, and
cheese), (c) Diet 3 (chocolate, sweets, crisps, cheese, soda, and fruit), and (d) Diet 4
(eggs, fried food, sausages, cheese, fried fish, nuts, and other vegetables).

According to the results from this study, both diets 1 and 2 were inversely associ-
ated with each component of the MetS. After adjustment for age, those with a higher
score for diet 1 had a lower risk for increased waist-hip ratio (WHR), impaired glu-
cose tolerance, increased plasma triglycerides and type 2 diabetes, and lower risk for
decreased high-density lipoprotein cholesterol (HDL)-cholesterol. Otherwise, diets 3
and 4 had no significant associations with different components of MetS. In general,
the Isle of Ely Study suggests that eating patterns characterized by high intake of
fruit, vegetables, and whole cereals, and low intake of fried foods seemed to be linked
to a lower risk of MetS components. Bread and milk were not specifically mentioned
as part of a dietary pattern [60].

The Malmé Diet and Cancer Study [61] examined data from a sample (N = 1122)
of men and women aged between 45 and 68 years that were analyzed for associations
between dietary patterns and MetS components [61]. The dietary patterns that were
used in this study differed significantly from that of the Isle of Ely study, possibly
due to cultural habits and differences in diet, but also due to study design. Six dietary
patterns were identified based on the highest proportion of energy intake from food
groups, unlike the previous Isle of Ely study, which was based on the frequency of
consumption. Differences in dietary patterns are to be expected, as food groups that
contribute a high proportion of energy to the diet would not need to be consumed fre-
quently to be rated high in this analysis (e.g., a high-energy chocolate bar compared to
a low-energy piece of broccoli).
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The relationship between dietary patterns and components of MetS differed
significantly between men and women. Many foods and drinks patterns, with moder-
ate energy intake from cheese and fat meat, were associated with an increased risk
of hyperglycemia and central obesity in men. Men who scored highly for this dietary
pattern had an odds ratio (OR) of 1.64 (95% CI 1.24-2.17) for hyperglycemia, while
women showed no significant association. The “Fiber bread” dietary pattern with
high energy intake from fiber-rich bread and fat meat was associated with a decreased
risk of central obesity in men (OR 0.61, 95% CI 0.42-0.89). For women, the “White
bread” dietary pattern was associated with an increased risk of hyperinsulinemia (OR
1.39, 95% CI 1.02-1.89), while the “Milk fat” dietary pattern was associated with a
reduced risk of hyperinsulinemia (OR 0.58, 95% CI 0.40-0.84).

In the CARDIA study, Pereira et al. [62] investigated associations between food
groups and MetS as part of the multicenter CARDIA project in the United States.

The researchers of the CARDIA study did not identify dietary patterns instead, they
evaluated food groups and nutrients and their influence on the onset of new cases of
MetS and its components. A strong inverse association was found between consump-
tion of dairy foods and the risk of MetS, particularly in overweight subjects. After
controlling for demographic features, non-dietary lifestyle factors and common dairy
components such as saturated fat, magnesium, calcium, and vitamin D, the OR for
MetS in overweight individuals decreased by 69% for those in the highest quintile

for dairy intake compared to those in the lowest quintile. Among those who were

not overweight, the OR for MetS decreased by 28% for those in the highest quintile
compared to the lowest. Similar relationships were found for both low-fat and high-
fat dairy products. A significant relationship was also found between dietary patterns
with a high intake of dietary fiber and protein. Fiber intake significantly reduced

the risk of MetS; for each 3 g/1000 kcal increase in fiber intake, the OR decreased

by 34%. Dietary protein, however, appeared to increase the risk of MetS with a 12%
increase in OR for each 1% caloric increase in protein. This relationship was only sig-
nificant for protein from animal sources, no association was found for plant proteins.

The extent to which the consumption of an individual dietary component is asso-
ciated with MetS is a question that still needs to be clarified. However, some studies
suggest that diet quality seems to play a more important role. Baxter et al. [5] in their
study concluded that no individual dietary component could be considered wholly
responsible for the association of diet with MetS. Rather it is the overall quality of the
diet that appears to offer protection against lifestyle disease, such as MetS [5].

5. Metabolic syndrome and hypertension: therapeutic implications

The reduction of the high cardiometabolic risk in patients with MetS is one of
the main goals of interventions performed in these patients. Simple actions such as
lifestyle modification measures may oppose the effect of many risk factors (lack of
physical activity, overweight/obesity, and atherogenic diet). In addition, hypertensive
patients usually need stricter BP control, use of antihypertensive drugs that have little
impact on the metabolic profile, and quite often while taking drugs for the treatment
of many other metabolic risk factors (dyslipidemia, insulin resistance, pro-throm-
botic and pro-inflammatory states).

Lifestyle modifications are certainly the first measure in reaching cardiometabolic
risk reduction. The main lifestyle interventions are the promotion of physical activity
and weight loss with a calorie-restricted diet [63]. Calorie restriction in the range of
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500-1000 kcal/day with 7-10% weight loss in 12 months and regular aerobic exercise
of 30-45 minutes daily are the minimal requirements for long-term effectiveness.

Although high caloric restriction diets have not shown long-term benefits in
patients with MetS, more intense regular physical activity programs have proven
to offer additional cardiovascular benefits and help maintain weight loss. Lifestyle
modifications have also favorable effects on BP and lipid profile and decrease the inci-
dence of new-onset diabetes [64]. Furthermore, more recent evidence also suggests a
long-term effect on reduction in both cardiovascular morbidity and mortality [65].

Additional lifestyle modifications also have been pointed out to have a positive
effect on specific cardiovascular risk factors and should be encouraged in specific
patients. Reduction of salt intake and alcohol consumption has a moderate effect on
BP lowering, which is improved in combination with weight loss and physical activity
increase [66]. Moreover, a dietary pattern rich in vegetables, fruits, and low-fat dairy
products (e.g., the dietary approaches to stop hypertension [DASH] diet) substan-
tially lowers BP in comparison with the standard American diet [67]. The MD, which
is equally rich in fruits, vegetables, fish, and olive oil, also has a favorable impact on
dyslipidemia in patients with MetS [68].

Maintenance of lifestyle modifications needs counseling and, for many individu-
als, may find it difficult in the long term. For this reason, the gradual introduction of
drugs for the treatment of BP, dyslipidemia, insulin resistance, and obesity may be
required to lower their cardiometabolic risk [69].

The appropriate antihypertensive treatment in MetS has not yet been established
[70]. However, the choice of an antihypertensive class should be made after taking
into account possible effects on glucose and lipid metabolism, as well as specific
adverse events or contraindications.

No comparative studies are available on the different antihypertensive drug classes
in people with HTN and MetS. Taking into account the high risk of developing new-
onset diabetes in these patients as a component of cardiometabolic risk, the choice of
antihypertensive treatment should not ignore this additional risk. Some international
guidelines recommend diuretics as the first-choice therapy for hypertensive patients,
without a compelling indication for other antihypertensive classes. However, it has
been reported that diuretics increase the risk of new-onset diabetes by 23% [71].
Conversely, calcium-channel blockers (CCBs) and, especially, renin-angiotensin
system blockers (ARBs and ACE inhibitors) lower this risk (33% with ACE inhibitors
and 43% with ARBs). These differences are probably even more accentuated in the
specific subgroup of patients with MetS. Therefore, it looks like plausible that primary
antihypertensive treatment in patients with HTN, MetS, and high cardiometabolic
risk should focus on inhibition of the renin-angiotensin system with either ACE
inhibitors or ARBs.

More evidence comes from comparative studies of antihypertensive drugs that
included an important proportion of diabetic individuals, most of them with MetS. In
this regard, the Appropriate Blood pressure Control in Diabetes (ABCD) study [72]
compared antihypertensive treatment based on the ACE inhibitor enalapril or CCB
nisoldipine in the subgroup of hypertensive patients with diabetes. The study was
prematurely stopped due to the statistical differences in the number of myocardial
infarctions that favored the enalapril group in comparison with nisoldipine.

Patients with HTN and MetS, especially those with type 2 diabetes, are often less
responsive to the effects of antihypertensive drugs and may require drug combina-
tions to achieve BP control. Although some studies have demonstrated the benefits
of using diuretics in combination with ACE inhibitors [73] or ARBs [74] in patients
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with diabetes, two comparative studies (Avoiding Cardiovascular Events through
Combination Therapy in Patients Living with Systolic Hypertension [ACCOMPLISH]
and Anglo Scandinavian Cardiac Outcome Trial [ASCOT]) suggest that combination
of ARB with CCB could be a better option for HTN treatment in these patients.

The ASCOT study [75] compared antihypertensive treatment based on the CCB
amlodipine with the addition of the ACE inhibitor perindopril in most patients
against the beta-blocker atenolol with the addition of a thiazide diuretic, also in most
patients. The study was prematurely stopped due to a consistent benefit of the ACE
inhibitor plus CCB. More than 5,000 patients with diabetes were enrolled in ASCOT,
and particular analysis of this cohort showed that the benefits of the combination of
amlodipine and perindopril were also maintained in those patients with diabetes [76].

The ACCOMPLISH study [77] also compared two combinations of antihyper-
tensive drugs in high-risk patients with HTN. Patients were treated with either
the combination of the ACE inhibitor (benazepril) and CCB (amlodipine) or with
benazepril plus hydrochlorothiazide. The percentage of diabetic patients in this study
was around 60%. The main results showed a 20% reduction in the primary end-point
(composite of death from cardiovascular causes, nonfatal stroke, nonfatal myocardial
infarction, resuscitation after sudden cardiac arrest, hospitalization for angina, and
coronary revascularization) in the group of patients treated with benazepril plus
amlodipine. The subgroup analyses did not find differences in the results in patients
with or without diabetes.

Evidence to support the preference for ACE inhibitors or ARBs in the treatment
of patients with MetS is lacking. The ONgoing Telmisartan alone and in combination
with Ramipril Global Endpoint Trial (ONTARGET) [78] compared the ARBs (telmis-
artan) with ACE inhibitors (ramipril) in patients at high risk of cardiovascular events
and around 30% of them were diabetic. The study found no difference in rates of
cardiovascular events between the groups.

Normotensive patients with MetS often have BP levels in the prehypertension
range (systolic 130-139 mm Hg and/or diastolic 85-89 mm Hg). Particular dietary
interventions, such as sodium restriction or intake reduction or the adoption of the
DASH diet, in addition to calorie restriction and increase in physical activity, could be
useful. For diabetic patients also receiving antihypertensive treatment, ARBs are able
to prevent the development of microalbuminuria in normoalbuminuric patients [79]
or overt proteinuria in those with microalbuminuria [80]. For the other patients, there
is no evidence for antihypertensive treatment, except that the development of HTN is
prevented [81].

6. The effect of dietary patterns on blood pressure control in hypertensive
patients

The benefits of different dietary patterns in reducing BP were best evaluated
with the DASH diet [82] and the Nordic diet [83]. Both of these dietary patterns
highlight the importance of ingestion of different combinations of healthy foods for
lowering BP. Otherwise, there are little data on which types of dietary patterns are
effective in lowering BP in both normotensive and hypertensive adults.

The current evidence on the beneficial effect of dietary patterns on BP in adults
has been evaluated in a recent meta-analysis study that included 17 randomized
controlled trials. A statistically significant reduction in BP (4.26 mm Hg in SBP and
2.38 mm Hg in DBP, respectively) was observed in this meta-analysis. For the studies
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that had no weight loss, sodium restrictions, or increased exercise, SBP and DBP
were reduced by 4.25 and 2.27 mm Hg, respectively. A previous meta-analysis found
areduction in SBP and DBP by 6.74 and 3.59 mm Hg, respectively, from the DASH
diet only [84]. The study also reported the many differences that existed between the
populations that were included in the randomized controlled trials related to sex, age,
intervention duration, study methodology, sample size, and difference in the combi-
nation of foods included within the different dietary patterns.

The current evidence supports that healthy dietary patterns are beneficial for BP
and these include the DASH diet, MD, and Nordic diet [85]. The DASH diet mainly
includes fruits, vegetables, low-fat dairy, legumes, whole grains, seeds, and low con-
sumption of meat and saturated fat [86]. The DASH diet has been adopted in many
places according to the cultural aspects such as in Australia [87], Brazil [88], and Iran
[89]. Analysis of nutrient intakes and BP from the United States showed that reduced
consumption of dairy products and fruit and vegetable juices was a major predictor
of HTN [90]. Although the DASH diet shows positive effects from the randomized
controlled trials, the studies are short-term in nature, and this may limit their gener-
alizability as a long-term intervention.

The Nordic diet consists of foods of Nordic origin such as berries, fruits, whole
grains, rapeseed oil, nuts, vegetables, fish, and low-fat dairy products. This diet when
compared to a diet comprising the average nutrient intake in Nordic countries, signifi-
cantly reduced 24-hour ambulatory DBP [83]. The effects of the diet, however, may
not be attributed to increases in potassium or reductions in sodium because neither of
these electrolytes differed between the control and intervention groups. One of the
characteristics of the Nordic diet is its richness in berries.

Experimental studies models have demonstrated that the Nordic diet pattern has
a beneficial effect on BP reduction [91], and in the same way, randomized controlled
trials have shown that berries intake decreases BP levels [92]. Flavonoids, a type of
polyphenols abundant in berries, can be the main contributing factor in the BP reduc-
tion seen with Nordic diets [93].

Further research, however, is needed on the effect of the Nordic diet on BP
because studies addressing this issue are still scarce. Another dietary pattern, the
MD, is usually rich in plant-based foods such as whole grains, vegetables, fruits, nuts,
beans, and seeds [94]. This dietary pattern may include moderate amounts of dairy
products, poultry, fish, and low amounts of red meat, although food composition
may vary between different regions. In the Prevention con Dieta Mediterranean
(PREDIMED) study that was carried out in Spain, the supplementation of the MD
with extra virgin olive oil and with nuts lowered significantly the DBP in the MD
group compared with a low-fat diet group [95]. Equally, analysis of ambulatory BP in
235 individuals of the PREDIMED study after 1 year showed significant reductions
in ambulatory SBP by 4.0 and 4.3 mm Hg in the MD supplemented with extra virgin
olive oil and nuts, respectively, and 1.9 mm Hg in DBP for both diets [96]. Similar
effects were observed in studies of the MD carried out in Italy, where BP was also
significantly lowered with this dietary pattern [97]. However, in studies from France
[98] and the United States [99], no effect was found. In addition to possible differ-
ences in food and recipe composition, the study duration for these trials was less
than 6 months. Because the effects of diet tend to occur over longer periods of time, a
long-term follow-up may be needed to detect BP-lowering effects.

Research on the Tibetan diet that was carried out in Germany emphasized the con-
sumption of cereals from barley, rice, corn, wheat, rye, oat, and buckwheat, and meat
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such as beef, mutton, chicken, roast hare, and venison [100]. Compared with the
regular Western diet, there was no significant difference in BP between the Tibetan
and Western diets during 12 months follow-up trial. In this regard, studies lying on
the Tibetan diet are scarce and additional research is needed before conclusions on its
efficacy could be done.

7. Dietary strategies for metabolic syndrome

Although the most effective dietary pattern for the management of MetS has not
been established, lifestyle interventions, especially dietary habits, remain the main
therapeutic strategy for its management [101]. The improvement in the quality of the
foods or switching macronutrient distribution, as one of the specific dietary interven-
tion strategies, has shown beneficial effects on MetS and individual components.
Compared to the low-fat and more restricted diets, the current evidence suggests the
use of the DASH diet as a strategic intervention in MetS has raised the new paradigm
for MetS prevention and treatment.

An isolated nutrient dietary intervention has several limitations, and dietary
counseling must be focused on the overall dietary pattern as part of MetS treatment.
Recent evidence suggests the implementation of a healthy food-based dietary strategy
instead of calorie or single nutrient restriction diets [102, 103]. The dietary strategies
and potential health benefits for MetS and different dietary approaches are summa-
rized in Table 1.

Dietary pattern Nutritional Distribution Improvement in MetS criteria
DASH diet e Total fats 27% kcal/d * Reduction of BP (systolic and diastolic)
e Saturated fats 6% kcal/d  Reduction in BMI and waist circumference
* Dietary cholesterol * Improvement in cardiometabolic profile
e CH 55% kcal/d e Reduction in T2DM incidence
* Proteins 18% kcal/d
Mediterranean diet * 35-45% kcal/d from total fat * Reduction of CVD incidence and outcomes

(mainly MUFA', EVOO and
nuts being the principal source)

* 35-45% kcal/d from CH

* Decreased BP (systolic and diastolic)
* Inverse association with mortality

* Improvements in dyslipidemia

15-18% kcal/d from protein
¢ Decreased incidence of T2DM

Nordic diet * High content of whole-grain * Reduction of BP (systolic and diastolic)

high-fiber products e Increase in HDL-c levels

e Low in meat and processed
foods

Plant-based diets ¢ Reduction or restriction of * Reduction of BP (systolic and diastolic)

animal-derived foods ¢ Decreased body weight and risk of obesity

* High intake of plant-source

foods
e Fat profile rich in UFAs

* Reduction of the risk of CVD
* Decreased all-cause mortality

¢ Decreased risk of T2DM
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Dietary pattern Nutritional Distribution Improvement in MetS criteria
Low CH diets and * <50% kcal/d from carbohy- * Weight-loss and weight-loss maintenance
very low CH diets drates and <10% kcal/d from « Reduction of DBP

(ketogenic diets) CH in ketogenic diets
High protein (20-30% kcal/d)
High fat intake (30-70% kcal/d)

* Reduction of LDL-c and triglycerides levels

¢ Increase in HDL-c levels

* Improvements in insulin resistance

¢ Reduction of HbA1lc levels

Low-fat diet <30% kcal/d from total fat * Reduction of BP (systolic and diastolic)

0,
(16% of satuyéted fat) e Short-term improvement of cholesterol

15-17% kcal/d from protein profile
* 50-60% kcal/d from CH * Short-term weight loss

* Reduced risk of all-cause mortality

High protein diet High protein (20-30% kcal/d) * Reduction of triglycerides levels
or 1.34-1.50 g/Kg body

weight/d from protein
¢ Low CH (40-50% kcal/d)

Intermittent fasting ¢ Fasting for along period of time ¢ Weight loss
* Improvements in insulin resistance
 Improvements in dyslipidemia
* Reduction of BP (systolic and diastolic)
* Decreased risk of T2DM
* Decreased risk of CVD

EVOO, extra virgin olive oil; CH, carbohydrates; CVD, cardiovascular disease; BE, blood pressuve; T2DM, type 2
diabetes mellitus; DASH, Dietary Approaches to Stop Hypertension; UFAs, unsaturated fatty acids; BMI, body mass
index; DBP, diastolic blood pressure; LDL-c, low-density lipoprotein cholestevol; , HDL-c, high-density lipoprotein
cholesterol; HbAlc, glycated hemoglobin; MUFA, monounsaturated fatty acids.

Adapted from [101]; doi: 10.3390/nu12102983.

Table 1.
Dietary strategies and potential health benefits for MetS'.

8. Conclusions

The protective effects of healthy dietary patterns on MetS seem to be due to the
sum of small dietary changes rather than the restriction of any single nutrient. The
consumption of dietary patterns characterized by high consumption of fruit, veg-
etables, whole grains, legumes, seeds, nuts, fish, and dairy and low consumption of
meat, sweets, and alcohol resulted in significant reductions in blood pressure.
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