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Metabolic syndrome; treatment of 
 hypertensive patients with this syndrome

ypertension is no longer viewed as a 
case of isolated high blood pressure 
(BP) in a patient, but rather a complex 
pathology with associated risk factors 

and co-morbidities. More than 80% of individuals 
with stage I or greater hypertension (as defined by 
the Seventh Report of the Joint National Committee 
on Prevention, Detection, Evaluation, and Treatment 
of High Blood Pressure; JNC- 7)1 have additional co-
morbidities, which increase the risk of cardiovascular 
(CV) complications. At least 20% of hypertensive 
patients have at least three of the following comor-
bidities and/or CV risk factors: obesity, glucose intol-
erance, hyperinsulinemia, low levels of high-density-
lipoprotein (HDL)-cholesterol, elevated low density 
lipoprotein (LDL)-cholesterol and triglyceride levels, 
left ventricular (LV) hypertrophy, and tobacco use.2 
When some of these individual CV risk factors clus-
ter in an individual, the person is said to have meta-
bolic syndrome (see below). Hypertension is the key 
component of the metabolic syndrome. Therefore, 
the aim of treatment of hypertension in a patient is 
not only to control high blood pressure (BP) but also 
to reduce the associated CV risk factors and treat 
other co-morbidities. Treatment of several of these 
risk factors simultaneously results in improvement 
in CV outcomes in individuals with established hy-
pertension. This review discusses the metabolic syn-
drome and some of the options available in treating 
hypertensive patients with this syndrome.

etabolic syndrome (also called 
syndrome X, syndrome X plus, 
metabolic syndrome X, dys-
metabolic syndrome, dysmeta-

bolic syndrome X, multiple metabolic syndrome, plu-
rimetabolic syndrome, deadly quartet, and Reaven’s 
syndrome) is a constellation or clustering of meta-
bolic abnormalities present in one person, which are 
thought to result (Figure 1) from a primary disorder 
of insulin resistance, hence it is also called the insu-
lin resistance syndrome. When present as a group 
in one person, the multiple metabolic disorders pro-
mote atherosclerosis and increase the risk for CV dis-
ease (Figure 2) and premature death – therefore, the 
metabolic syndrome is also called cardiometabolic-, 
cardiovascular dysmetabolic-,metabolic cardiovascu-
lar-, or atherothrombogenic syndrome3,4.
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everal separate working definitions of 
metabolic syndrome have been pro-
posed,5-8 which differ in criteria and 
cutoff points:

(1) World Health Organization9; 

(2) Third Report of the National Cholesterol Educa-
tion Program (NCEP): Expert Panel on Detection, Eva-
luation, and Treatment of High Blood Cholesterol in 
Adults; The Adult Treatment Panel III (NCEP/ATP III)10; 

(3) European Group for the Study of Insulin Resis-
tance (EGIR) 5,11;

Figure 1. The components of the metabolic syndrome and their ef-
fects on various risk factors

Figure 2. Adverse effects of the metabolic syndrome

(4) International Diabetic Federation12,13;

(5) American College of Endocrinology, American 
Association of Clinical Endocrinologists14,15;

(6) Chinese Diabetes Society5,16,17. 

The most widely used diagnostic criteria of the me-
tabolic syndrome are according to NCEP/ATP III and 
WHO, while the EGIR and the new IDF definitions 
are also used by many investigators (Table 1).

However, the multiple definitions of the metabolic 
syndrome cause confusion particularly when compa-
ring data from different studies. To remove some of 
the confusion, the International Diabetes Federation 
has proposed a unifying definition of the metabolic 
syndrome (Table 1), which is somewhat an amalgam 
of the three major definitions (WHO, EGIR, NCEP/
ATP III), but it does not include insulin resistance in 
the criteria121(http://www.idf.org/webdata/docs/ ac-
cessed August 2005; http://www.medscape.com/
viewarticle/504382, accessed August 2005).

Table 1 Definitions of the Metabolic Syndrome

The NCEP Adult Treatment Panel III (NCEP/ATP III): any 3 or more 
of the following criteria: 

1) Waist circumference >102 cm in men and > 88 cm in women;
2) triglycerides >1.7 mmol/L;
3) BP > 130/85 mmHg;
4) HDL cholesterol <1.0 mmol/L in men and <1.3 mmol/L in women;
5) Fasting glucose > 6.1 mmol/L (110 mg/dL), 

later modified to > 5.6 mmol/L (100 mg/dL)

World Health Organization (WHO):  

Diabetes, impaired fasting glucose, impaired glucose tolerance, or insulin 
resistance (assessed by clamp studies) and at least two of the following criteria:
1) Waist-to-hip ratio >0.90 in men or >0.85 in women; BMI > 30 kg/m2
2) Triglycerides >1.7 mmol/L (150 mg/dL) or HDL-cholesterol <0.9 mmol/L (35 
mg/dL) in men and <1.0 mmol/L (39 mg/dL) in women;
3) BP >140/90 mmHg;
4) Urinary albumin excretion rate >20 µg/min or albumin-to-creatinine 

ratio > 30 mg/g

European Group for the Study of Insulin Resistance (EGIR):

1) Waist circumference >102 cm in men and > 88 cm in women;
2) Fasting glucose > mg/dL,
3) BP > 130/85 mm Hg or medication,
4) HDL-cholesterol: < 40 mg/dL (men), < 50 mg/dL (women), 
5) triglycerides: > 150 mg/dL

International Diabetes Federation (IDF):

Central obesity, defined as waist > 94 cm for males and > 80 cm for females 
in Europids, and ethnic-specific in Chinese (waist > 90 cm for males and > 80 cm 
for females, Japanese waist > 94 cm for males and > 80 cm for females 
and South Asians waist > 94 cm for males and > 80 cm for females; together 
with 2 of the following:
a) Triglycerides > 1.7 mmol/L (150 mg/dL)
b) HDL-cholesterol, defined as <1.04 mmol/L (40 mg/dL) in males 
and <1.29 mmol/L (50 mg/dL) in females 
c) BP >130/85 mm Hg; and
d) Fasting hyperglycemia (impaired fasting glucose), defined as glucose >5.6 mmol/L

(100 mg/dL) or previous diagnosis of diabetes or impaired glucose tolerance
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he major components of the meta-
bolic syndrome are obesity, glucose 
intolerance, insulin resistance, low le-
vels of HDL-cholesterol, elevated LDL-

cholesterol and triglyceride levels, and elevated BP 
(Table 1). Hyperuricemia and hyperleptinemia have 
also been proposed as components of the metabolic 
syndrome18-20. In addition, the metabolic syndrome 
has been associated with the following: 

a) Prothrombotic state (high fibrinogen, decreased 
fibrinogen activator and/or plasminogen activator 
inhibitor-1 in blood)21,22; b) Proinflammatory state 
(elevated high-sensitivity C-reactive protein, pro-
inflammatory cytokines and adhesion molecules 
in the blood)23-27; c) increased intima-media thick-
ness21,28,29; d) decreased adiponectin levels24,30; e) low 
serum magnesium31; f) high levels of uric acid32; g) 
high serum ferritin and iron overload33; h) polycystic 
ovary syndrome34; i) sleep apnea35; j)  increased bra-
chial-ankle pulse wave velocity36; k) higher values for 
homeostasis model assessment of insulin resistance 
(HOMA-IR)37; l) low levels of androgens (testosterone 
and dehydroepiandrosterone) and sex-hormone bin-
ding globulin37,38.

etabolic syndrome is becoming 
increasingly common18,39,42, with 
a prevalence of 10% to 30% of 

the adult population in industrialized countries, de-
pending on the definition used (Table 2)17,40,43,62. It is 
estimated that 47 million Americans have metabo-
lic syndrome; about 40% of adults age 50 or older 
have the metabolic syndrome40,61,63,64. The prevalen-
ce rate increases with age, degree of obesity (body 
mass index), level of hyperglycemia, and the presen-
ce of hypertension65; the prevalence of the syndrome 
among diabetics is quite high (70%-90%)57,66. Using 
the WHO definition, the prevalence of the metabo-
lic syndrome in a Swedish population was higher in 
subjects with a defect in glucose disposition than in 
normoglycemic individuals, and highest in diabetics 
(Figure 3): 10% of women and 15% of men with 
normoglycemia, 42% of women & 64% of men with 
impaired fasting glucose/impaired glucose tolerance, 
and 78% of women and 84% of men with type 2 
diabetes57. Ethnic differences have been reported 

in the prevalence of the metabolic syndrome (Figu-
re 4)40,62,66. In some studies, the prevalence of the 
metabolic syndrome was higher in females than in 
males17,50,53,54,58,66,67. while in others, males had a hig-
her prevalence than females46,47,57,60,62; in some stu-
dies no gender difference was noted49. However, it 
may be realized that the prevalence of the metabolic 
syndrome and its components are dependent on the 
definition used for the different components.
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Table 2. Prevalence of metabolic syndrome in certain populations

Population  Prevalence     Reference
Arab-
Americans1       23.0%           43
Arab- Americans3      28.0%           43
China1       9.8 -17.8%          44
China2       10.2 -15.7%          17
Europe3       14.2 – 15.7%           45
Europe3       5.0 – 36.0%           46 
Finland3       22.2 – 38.8%          47
France1       11-16%           48
Greece1       24.5%           49
India1       22.9 - 39.9%          50
Israel1       26%            51
Japan1                               10.3 – 30.2%          52
Korea1       20.8 - 26.9%           53
Korea1       5.2 – 9.0%           54
Mexico3       13.6%           55
Mexico1       26.6%           55
Mexico1       39.9 - 59.9%          56 
Sweden3       10  - 15%          57
Turkey1       23.7 – 39.1%          58
USA1       24.1 – 27.0%           40
USA1       26.3 - 29.3%           59
USA1       24.7 – 30.3%           60
USA1       28.1%            61
USA3       21.0%            61
Venezuela1       31.2%           62
Criteria used to define the metabolic syndrome:
1) NCEP/ATP III; 2) CDS; 3) WHO; 4) EGIR

Figure 3. Prevalence of metabolic syndrome (according to the WHO criteria) and its 
various components in various groups (first bar for males and the second bar for fema-
les): normoglycemic individuals (NG); subjects with impaired glucose tolerance (IGT); 
subjects with type 2 diabetes mellitus (DM). (Adapted from Isomaa et al.57)
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he disorder of insulin resistance is the 
most accepted unifying hypothesis to 
describe the pathophysiology of the 
metabolic syndrome22, although, this 

concept has been challenged68, and not every indivi-
dual with this syndrome has insulin resistance69. The 
biologic mechanisms at the molecular level between 
insulin resistance and metabolic risk factors aren’t 
fully understood and appear to be complex53,70,71. A 
four-factor model (blood pressure, obesity, insulin re-
sistance, and lipid profile) has been suggested, which 
relates all the components of the metabolic syndro-
me72,73. Although, abdominal obesity is considered as 
a central element of the metabolic syndrome, obesity 
as a single factor has recently been proposed to uni-
fy all the risk factors related to the metabolic syndro-
me74. Obesity is positively correlated with higher BP, 
fasting insulin, triglycerides, and negatively associated 
with HDL-cholesterol75. Since, obesity is also associa-
ted with a prothrombotic state76, increased BMI is as-
sociated with higher risk of myocardial infarction and 
coronary heart disease77. Never-the-less, not all indi-
viduals who have the metabolic syndrome are obese, 
since non-obese people can have other components 
of the metabolic syndrome, such as high BP, low HDL-
cholesterol, high triglycerides, insulin resistance, etc.

In general, the underlying causes of this syndrome are 
excess body weight (visceral/ central/ android obesi-
ty), physical inactivity/sedentary lifestyle, an athero-
genic diet (high carbohydrates, low fiber, high satu-
rated fat)78, high alcohol intake53, and smoking71,79. 
The development of metabolic syndrome has been 
found to be inversely related to dietary intake of 
magnesium26,80. Chronic work stress has also been 
reported to be associated with the development of 
metabolic syndrome, possibly due to the involvement 
of chronic stimulation of autonomic nervous system 

and neuroendocrine activity.81 (81Chandola et al., 
2006). Polycystic ovary syndrome has many features 
in common with the metabolic syndrome and the 
two syndromes may share common pathogenesis.34 
The use of certain drugs (high dose diuretics, β-bloc-
kers, corticosteroids, oral contraceptives, antipsycho-
tics, protease inhibitors and niacin), which promote 
weight gain and/or alteration of lipid or glucose me-
tabolism, may also increase the risk of the develo-
pment of the metabolic syndrome.82 A genetic pre-
disposition to development of metabolic syndrome 
is also possible as a result of K121Q polymorphism 
of the ENPP1/PC-1 gene, which regulates insulin res-
ponse, and is linked to obesity and type 2 diabetes.70 
The K121Q polymorphism of the ENPP1/PC-1 gene is 
associated with insulin resistance/atherogenic pheno-
types, including earlier onset of type 2 diabetes and 
myocardial infarction.83 The ACE gene insertion/dele-
tion polymorphism is significantly associated with the 
metabolic syndrome.84 Other genetic bases of meta-
bolic syndrome have also been suggested.85-87 

he metabolic syndrome is a risk factor 
for CV disease, stroke, chronic kidney 
disease, and type 2 diabetes. Indivi-

duals with the metabolic syndrome have significantly 
higher risk for heart disease (2 to 3-fold), stroke (2-
fold), and diabetes (5-fold)42,51,57,60,61,63,88-90.

The presence of metabolic abnormalities common-
ly result in endothelial dysfunction, which leads to 
atherosclerosis91,92. Although, each abnormality as-
sociated with the metabolic syndrome promotes 
atherosclerosis independently, but, when clustered 
together, the metabolic abnormalities, especially the 
combination of dyslipidemia and high BP, are hig-
hly atherogenic and enhance the risk of coronary 
heart disease and other diseases related to plaque 
buildup in artery walls (e.g., stroke and peripheral 
vascular disease), as well as all-cause mortality (Table 
3)6,59,61,88,93-98. Several components of the metabolic 
syndrome, such as insulin resistance/hyperinsuline-
mia are associated with LV hypertrophy and diastolic 
dysfunction in non-diabetic hypertensive patients99-101. In 
addition, glucose intolerance and dyslipidemia (low 
HDL-cholesterol and high triglycerides) accelerate LV 
diastolic dysfunction even in treated hypertensive pa-
tients102,103. In the West of Scotland Prevention Study 
(WOSCOPS), individuals with the metabolic syndro-
me had 76% higher risk of coronary heart disease 
event and a 3.5-fold increase in the risk of new-on-
set diabetes over 5 years, compared to those without 
the syndrome104. Metabolic syndrome may also has-
ten the development of diabetes-related complica-
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Figure �. Prevalence of metabolic syndrome in various ethnic groups in Zulia 

State, Venezuela (1999-2001) (Adapted from Florez et al.62)
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tions, such as nephropathy, retinopathy, and distal 
neuropathy105. Patients with the metabolic syndrome 
are also at high risk for the development of many hy-
pertension-associated target organ damage both in 
diabetic106 and non-diabetic patients107,108. Patients 
with the metabolic syndrome have significantly hig-
her prevalence of microalbuminuria compared to 
those without it (12.3% versus 4.7%; p = 0.004)109; 
patients with microalbuminuria are at a higher risk of 
developing CV disease110. The metabolic syndrome is 
also an important risk factor for the development of 
chronic kidney disease in people without diabetes; 
this risk is significant even after adjustment for other 
factors, and increases along with the number of me-
tabolic syndrome risk factors present. This suggests 
that the metabolic syndrome directly contributes to 
the development of chronic kidney disease109,111. The-
re are suggestions that Insulin resistance syndrome 
may also be a risk factor for some cancers, such as 
breast and prostate cancer112-114.

here is a difference of opinion in ter-
ms of the significance and utility of the 
metabolic syndrome in clinical practice. 

Those who favor that metabolic syndrome should be 
a definite diagnosis requiring special clinical mana-
gement put forward the argument that the presence 
of metabolic syndrome (impaired fasting glucose and 
impaired glucose tolerance) effectively predicts the 
development of type 2 diabetes and CV disease22, 
and that insulin resistance syndrome (another name 
for the metabolic syndrome) should be categorized 
as a specific medical diagnosis. Thus, a version of the 
metabolic syndrome (dysmetabolic syndrome X) has 
its own ICD-code (ICD-9 Code 277.7) for the diagno-
sis and clinical management,41 and it is recommen-
ded that this syndrome should be treated to reduce 
the risk of CVD and diabetes88,89,115,116. There is even 
a journal named, “Metabolic Syndrome & Related Di-
sorders,” dedicated to this entity. The American Heart 
Association and National Heart, Lung, and Blood Ins-
titute (USA) recommend that the metabolic syndro-

me should be diagnosed and treated initially with diet 
and exercise117, and an aggressive global approach to 
screening and to the management of the metabolic 
syndrome should be taken to slow the growth of the 
syndrome throughout the United States and other 
countries with high prevalence of the metabolic syn-
drome. It may be noted that the metabolic syndrome 
is an incomplete predictor of absolute risk. To predict 
absolute risk for individuals, sometimes called ‘global 
risk,’it is necessary to include all of the risk factors 
related to the outcome. For CV disease, these include 
age, gender, total cholesterol, HDL-cholesterol, trigly-
cerides, BP, body mass index, glucose status, tobacco 
usage, and family history, depending on the risk-as-
sessment algorithm employed118,119. 

However, an opposite view is that the metabolic syn-
drome cannot be a definite diagnosis, because of 
certain concerns regarding the definition of the me-
tabolic syndrome, in that a) the criteria are ambiguo-
us, poorly defined or incomplete, and the list of risk 
factors comprising the cluster (metabolic syndrome) 
is not according to one well-defined, uniformly ac-
cepted criteria and the rationale for thresholds are ill 
defined; b) insulin resistance as the unifying etiology 
is uncertain, as there is no solid evidence that insulin 
resistance is the main cause of the syndrome; c) the 
value of including diabetes (such as the WHO criteria) 
in the definition is questionable, and there is no clear 
basis for including or excluding other CV risk factors; 
d) the underlying pathophysiology of the syndrome 
is unclear, although, several CV disease risk factors 
may occur together, the risks with the “syndrome” 
appear to be no greater than the sum of its par-
ts; e) the CV risk value is variable and dependent 
on the specific risk factors present, and the notion 
that the metabolic syndrome is a useful marker of 
CV risk above and beyond the risk associated with 
its individual components is uncertain; f) the medical 
value of diagnosing the syndrome is unclear and the 
treatment of the syndrome is no different than the 
treatment for each of its components68,120.

To counteract the criticism, at least partially, the In-
ternational Diabetes Federation has proposed a uni-
fying definition of the metabolic syndrome, which is 
somewhat an amalgam of the three major definitions 
(WHO, EGIR, NCEP/ATP III) (see earlier). It is expected 
that the new definition may be used worldwide and 
remove some of the confusion,121 and facilitate early 
detection by routine screening, identifying those at 
high risk for developing CV disease and diabetes, and 
implementing more intensive management to redu-
ce the long-term risk of CV disease and diabetes121 

(http://www.idf.org/webdata/docs/ accessed August 
2005). Never-the-less, the use of any metabolic syn-
drome definition is driven by the objective, such as 
epidemiological studies, clinical trials, assessment of 
intervention programs, public health campaigns, or 
clinical management of at-risk individuals.

Table 3. Prediction of risks by NCEP/ATP III and WHO definitions 
of the metabolic syndrome*

Definition:  NCEP/ATP III      WHO  Population-attributable fraction

All cause mortality   1.27       1.37  ~ 6-7%

Cardiovascular disease   1.65       1.93   12-17%

Diabetes    2.99       2.60   30-52%

* As reported by Schillaci et al.,154 and Ford et al.88
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ecause of the complex etiology of the 
metabolic syndrome, a multi-targe-
ted, integrated therapeutic approach 
is required to simultaneously treat all 

the risk factors, at first by lifestyle (behavioral) mo-
dification (weight control, diet, exercise, smoking 
cessation), based on the observations that weight 
control enhances lowering of LDL-cholesterol and 
reduces many other risk factors associated with the 
metabolic syndrome, and exercise decreases VLDL-
cholesterol and LDL-cholesterol, increases HDL-cho-
lesterol, and decreases markers of inflammation122. 
If lifestyle modification is not sufficient to decrease 
the risk factors, then pharmacotherapy be added to 
treat simultaneously the conventional lipid (dyslipi-
demia) and non-lipid CV risk factors (high BP, gluco-
se intolerance, prothrombotic state, etc.)90,123.

ptimal management of hyperten-
sive patients with the metabo-
lic syndrome requires that such 
patients be managed differently 

than patients who do not have the disorder124, in 
that a multi-targeted, integrated therapeutic appro-
ach is required to simultaneously treat hypertension, 
obesity, lipid disorders and diabetes (if present), to 
fully protect CV, cerebrovascular and renal syste-
ms42,78,90,123,125 . Lifelong lifestyle modification (weight 
control, diet, exercise, smoking cessation) should be 
instituted to be followed by pharmacologic therapy 
in patients with the metabolic syndrome.

a) Treatment of obesity/weight reduction
Lifestyle intervention (exercise, prudent diet) and 
antiobesity drugs, such as Orlistat (selective lipase 
inhibitor)126-128, sibutramine (serotonin antagonist)129-

132, and rimonabant (cannabinoid-1 receptor bloc-
ker)133,134, are useful for weight reduction. The antio-
besity drugs often improve lipid profile (reduction in 
LDL-cholesterol, VLDL-cholesterol and triglycerides, 
and increase in HDL-cholesterol) in patients with dys-
lipidemia 130, improve glycemic control in diabetic 
patients127,129, and decrease risk for CV disease133. 

b) Treatment of dyslipidemia
Lifestyle modification, cholesterol-lowering drugs, 
such as statins, and triglyceride-reducing drugs such 
as fibrates and niacin, and fatty acids of omega-3 
series correct dyslipidemia135-137. Antiobesity drugs 
are sometime used to treat severely obese patients. 
A statin should be used initially for hyperlipidemia 
unless contraindicated. Statins decrease total cho-
lesterol, LDL-cholesterol, and triglycerides138, im-
prove endothelial function and fibrinolytic activity 
(by increasing fibrinogen activator and decreasing 
plasminogen activator inhibitor-1, and increasing 
thrombin activatable fibrinolysis inhibitor)139; they 
have no effect on glycemic control. As shown by 
large clinical trials, reduction in total cholesterol by 
statins results in a significant decrease in CV events 
and all-cause mortality10. Statins can cause muscle 
cramps, rhabdomyolysis, and have the potential to 
cause or worsen congestive heart failure or diasto-
lic dysfunction140,141, but these may be reversed by 
the administration of coenzyme Q10140,141. Fibrates 
[peroxisome proliferator-activated receptor (PPAR)-β 
agonists] reduce LDL-cholesterol, VLDL-cholesterol 
and triglycerides, and increase HDL-cholesterol; they 
improve insulin sensitivity.

Combined statin and fibrate therapy is effective in 
patients with complex lipid disorders142. Addition 
of ezetimibe, a cholesterol-absorption inhibitor, to 
fibrate therapy further reduced LDL-cholesterol by 
23% compared to statin alone143. In this regards, 
several drug combinations are being developed to 
aggressively treat dyslipidemia, including niacin/lo-
vastatin, ezetimibe/simvastatin, atorvastatin/CETP 
inhibitor, statin/PPAR agonist, and extended-release 
niacin/simvastatin and pravastatin/aspirin

c) Treatment of diabetes
First of all, multifactorial strategies should be adopted 
to prevent the development of diabetes in individuals 
with the metabolic syndrome. In randomized trials, 
lifestyle modification, antiobesity drugs, and drugs 
increasing insulin sensitivity (such as metformin) pre-
vented the development of type 2 diabetes in sub-
jects with impaired glucose tolerance144. However, if 
diabetes is already present then aggressive treatment 
to control blood sugar should be instituted. 

Metformin should be considered as the first drug for 
glucose control in patient with type 2 diabetes123; 

sulfonylureas also improve glycemic control. Me-
tformin and thiazolinediones (such as pioglitazone 
and rosiglitazone, which improve insulin resistance) 
appear promising in the treatment of diabetic pa-
tients. However, metformin can cause lactic acidosis. 
Among other anti-diabetic drugs, acarbose, which 
inhibits postprandial hyperglycemia, can be helpful 
in preventing postprandial hyperglycemia. The PPAR 
agonists may alter the process of atherosclerosis in 
patients with the metabolic syndrome and type 2 
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diabetes. These agents have a beneficial effect on 
the heart: the fibrates (PPAR-β agonists) and insu-
lin-sensitizing thiazolidinediones (PPAR-β agonists) 
improve LV hypertrophy and diastolic function in 
normotensive diabetic patients145,146. Pioglitazone 
improves LV diastolic function without an effect on 
LV mass in hypertensive patients in proportion to 
amelioration of insulin resistance and increase in the 
levels of adiponectin and matrix metalloproteinase-2 
(MMP-2)147. The thiazolidinediones also have a favo-
rable effect on BP148.  However, the use of thiazoli-
dinediones may cause fluid retention, edema, and 
idiosyncratic hepatocellular injury149.

d) Treatment of clotting disorders
Patients with the metabolic syndrome have several 
disorders of coagulation that makes it easier to form 
blood clots, which are often a precipitating factor 
in developing myocardial infarction. Such patients 
should generally be placed on daily low-dose aspirin 
therapy to help prevent such clotting events150. 

ypertension is a key component 
of the metabolic syndrome. More 
than 50% of individuals with the 
metabolic syndrome have hyperten-

sion46,48,151; patients with insulin resistance have a hig-
her prevalence of hypertension compared with sub-
jects without insulin resistance152. (152Haffner, 1997). 
In turn, up to 50% of hypertensive patients may have 
insulin resistance and other components of the meta-
bolic syndrome106,108,153,154. Elevated systolic and dias-
tolic BP independently increases the risk of atheros-
clerosis and coronary heart disease1; high BP may also 
exacerbate other metabolic abnormalities. Dyslipide-
mia, a strong predictor of CV disease, may also lead 
to the subsequent development of hypertension155; 
control of BP often improves lipid profile156,157. 

The presence of the metabolic syndrome amplifies 
hypertension-related cardiac and renal target organ 
damage over and above the potential contribution 
of each single component of this syndrome. For 
example, hypertensive patients with the metabolic 
syndrome, as compared to those without it, have 
higher LV mass and greater prevalence of LV hyper-
trophy99,106,108, a 2-fold higher CV event rate154, in-
creased risk of retinopathy and microalbuminuria158; 
the later being an independent risk factor for CV 
death108,159. Metabolic syndrome is also associated 
with large artery stiffness, a strong predictor of CV 
morbidity and mortality in hypertensive patients154.  

Treatment of hypertension
The recommended target BP level (JNC-7) in trea-
ted hypertensives with the metabolic syndrome is 
<140/<90 mm Hg.1 However, a substantial propor-
tion of patients with the metabolic syndrome have 
diabetes and/or chronic kidney disease, and, for such 
individuals, the JNC-7 and ADA recommend a goal 
of <130/<80 mm Hg1,160. 

The first step in lowering BP should be lifestyle inter-
vention [sodium restriction, weight control, exercise, 
smoking cessation and moderation of alcohol con-
sumption (for those who smoke and/or drink), and 
consumption of an overall healthy diet], since such 
intervention has been shown to lower BP161-163. Lifes-
tyle modification can also prevent the development of 
new onset type 2 diabetes as shown by the Diabetes 
Prevention Program Research Group144. (144Knowler 
et al., 2002). However, for the overwhelming majo-
rity of patients with established hypertension, drug 
therapy is the mainstay of treatment and lifestyle 
modification is merely adjunctive. 

Lifestyle changes (through dietary means such as 
weight loss and salt restriction) are also the best way 
to prevent or delay the onset of hypertension in pre-
hypertensive individuals as was shown by the Trials 
Of Hypertension Prevention164,165. However, the tran-
sition from prehypertension to hypertension is inevita-
ble, since people who are prehypertensive have a very 
high risk (90%) of eventually developing hyperten-
sion1. The selection of drugs should be tailored to the 
individual, taking into account the pathophysiological 
determinants of the metabolic syndrome present and 
the presence of comorbidity (Table 4)1-150,166.

It has been recommended that antihypertensive the-
rapy in hypertensive patients with the metabolic syn-
drome should begin with an angiotensin-converting 
enzyme (ACE) inhibitor, unless there is a compelling 
indication for another class of drug123. A number of 
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Table � Recommended Antihypertensive Agent
Compelling   Diuretic Beta-     ACE-         ARB# CCB# Aldosterone-
Indication                  Blocker  inhibitor#         antagonist

Heart failure       XX XX            XX          XX                  XX

Post-
myocardial   XX            XX                  XX
infarction  

High coronary 
disease risk       XX XX            XX  XX 

Recurrent 
Stroke             XX                 XX
prevention   

Diabetes             XX* XX            XX          XX  XX 

Microalbu-                  XX          XX
minuria                   

Chronic kidney                  XX          XX
disease    
Obesity        X                 XX          XX  X 

* Low doses; #ACE = angiotensin converting enzyme; ARB = Angiotensin 
AT1- receptor blocker; CCB = Calcium channel blocker



1�

clinical trials and meta-analyses show that ACE inhibi-
tors and angiotensin receptor blockers (ARBs) reduce 
the odds of developing new onset type 2 diabetes and 
also decrease albuminuria167,168. However, ACE inhibi-
tors or the ARBs do not reduce the odds of mortality, 
CV or cerebrovascular outcomes vs standard thera-
py168. ACE inhibitors also increase bradykinin levels, 
which results in the stimulation of the production of 
the vasodilator prostacyclin and nitric oxide, and the 
release of tissue plasminogen activator. 

Several large clinical trials, including the Heart Outco-
mes Prevention Evaluation (HOPE) and MICRO-HOPE 
sub-study, have demonstrated that ACE inhibitors 
provide cardioprotective and renoprotective benefits 
beyond their effect on BP1,160,169. These drugs also 
improve insulin resistance by increasing insulin-me-
diated glucose uptake, and hence may be espe-
cially appropriate in treating hypertensive patients 
with the metabolic syndrome.1The other advanta-
ges of using the ACE inhibitors include absence of 
fatigue and many other adverse effects associated 
with-blockers and diuretics. However, ACE inhibitors 
cannot be given to pregnant women in the second 
and third trimester. Among the adverse effects as-
sociated with the use of ACE inhibitors include the 
induction of cough (more in women than in men), 
and on rare occasions, angioneurotic edema170. ACE 
inhibitors may also cause symptomatic hypotension 
in salt-and/or volume-depleted patients, and hyper-
kalemia in patients on potassium-sparing diuretics. 

Several large clinical studies, such as the Valsartan 
Antihypertensive Long-term Use Evaluation (VA-
LUE) trial171, Irbesartan in Diabetic Nephropathy Trial 
(IDNT)172,173, Reduction of Endpoints in Non-insulin-
dependent Diabetes Mellitus with the All Antagonist 
Losartan (RENAAL)173, Candesartan in Heart Failure 
Assessment of Reduction in Mortality and morbidi-
ty (CHARM)-Overall174, and the Losartan Interven-
tion For Endpoint reduction in hypertension study 
(LIFE)173,175, indicate that the ARBs, in addition to their 
renoprotective effect and excellent safety profile, are 
cardioprotective. Some ARBs (such as irbesartan and 
telmisartan) have partial PPAR-βagonist activity176,177, 
which makes them useful as antilipidemic, antiathe-
rosclerotic and cardioprotective agents178,179. 

Traditionally, thiazide diuretics and -blockers have 
been avoided in patients with glucose intolerance 
abnormalities, however, the safety and efficacy of 
these drugs has been demonstrated in large clinical 
trials (for example, the ALLHAT107,179 and UK Pros-
pective Diabetes Study180 trials). Based upon these 
studies thiazides (at low doses) and -blockers have 
been recommended in hypertensive patients with 
the metabolic syndrome. In the ALLHAT study (ran-
domized, double-blind, active-controlled clinical trial 
of hypertensive patients aged > 55 years who had 
one other risk factor for coronary heart disease), in 

which patients were randomized to receive either 
chlorthalidone, amlodipine, or lisinopril, plus open-
label step-up drugs (reserpine, atenolol, clonidine, 
hydralazine or others) to reach goal BP, there was 
no difference between the drugs in the primary out-
come in patients followed for a mean of 4.9 years 
(Figure 5)179. Furthermore, the presence or absence 
of metabolic syndrome did not make any differen-
ce in the control of BP (Figure 5). In the secondary 
outcomes, the diuretic was superior to the calcium 
channel blocker and ACE inhibitor179. In a post hoc 
analysis, neither amlodipine nor lisinopril was supe-
rior to chlorthalidone in non-diabetic patients with or 
without the metabolic syndrome (Figure 6), although 
the diuretic was more likely to induce new-onset dia-
betes in both groups107,181. In the UKPDS, atenolol 
was as good as captopril in target organ protection 
(stroke, heart failure, MI, total mortality)180.  

Figure �: Control of blood pressure (systolic/diastolic) after 5 years of treatment with 
chlorthalidone, amlodipine or lisinopril in patients with and without metabolic syndro-
me (adapted from Black et al.107)

Figure �: The relative risk for heart failure and combined cardiovascular outcomes in 
patients with or without metabolic syndrome (MS) and type 2 diabetes mellitus (DM) 
treated with combination of amlodipine/chlorthalidone or lisinopril/chlorthalidone in 
the AALHAT study. The ALLHAT trial (adapted from Black et al.107).
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Like the ACE inhibitors, the long-acting calcium chan-
nel blockers improve insulin sensitivity182. The results 
from a large number of clinical trials show no difference 
in the primary endpoints between -blockers/diuretics, 
calcium channel blockers and ACE inhibitors183:  [Anti-
hypertensive and Lipid-Lowering Treatment to Prevent 
Heart Attack Trial [ALLHAT, n = 33,357)179; Contro-
lled Onset Verapamil Investigation of Cardiovascular 
Endpoints (CONVINCE, n = 16,602)184; International 
Nifedipine Gastrointestinal Therapeutic System stu-
dy—Intervention as a Goal in Hypertension Treatment 
(INSIGHT; n = 6,321)185-187; INVEST = International Ve-
rapamil Slow-Release/Trandolapril Study (INVEST, n = 
22,576)188; NORDIL = Nordic Diltiazem (NORDIL, n = 
10,881)189; Swedish Trial in Old Patients with Hyper-
tension (STOP-Hypertension-2, n = 6614)190,191; Uni-
ted Kingdom Prospective Diabetes Study (UKPDS, n 
= 1414)180; VHAS = Verapamil in Hypertension and 
Atherosclerosis Study (VHAS)192].

Other drugs, such as celiprolol in combination with 
diuretics was found to have a favorable effect on glu-
cose tolerance/insulin sensitivity in patients with es-
sential hypertension and metabolic syndrome193, and 
spironolactone added to ACE inhibitor or ARB thera-
py had an added reno- and CV protective benefits in 
patients with diabetic nephropathy194. Carvedilol, a β-
blocker with vasodilating properties, added to ACE in-
hibitor or ARB therapy, was more effective in preven-
ting worsening of microalbuminuria than metoprolol 
in hypertensive patients with the metabolic syndro-
me195; carvedilol also improved insulin sensitivity and 
glycemic control196. Nebivolol, another β-blocker with 
vasodilating properties, is also useful in the treatment 
of hypertensive patients with CV risk factors197; it has 
no effect on insulin sensitivity198,199. 

Among the newer drugs, moxonidine, a centrally 
active imidazoline-1 receptor agonist, effectively lo-
wers BP and has a beneficial effect on lipid and car-
bohydrate metabolism200. Moxonidine, as an add-on 
drug, caused a significant reduction in BP in elderly 
hypertensives who were poorly controlled with two 
or more antihypertensive agents201. Moxonidine is 
also being used as an add-on drug to ramipril (MA-
RRIAGE study) in hypertensive patients202, and rami-
pril or eprosartan and hydrochlorothiazide in diabetic 
patients with severe hypertension203. Rilmenidine, a 
selective imidazoline I1 receptor agonist is an effec-
tive antihypertensive agent, which improves glucose 
utilization and reduces microalbuminuria204.205.

Most patients eventually require two or more antihy-
pertensive drugs to reach BP goal1-160,206. It is recom-
mended that therapy in patients whose BP is more 
than 20/10 mm Hg above target at diagnosis be initia-
ted with a combination of antihypertensive drugs1,206. 
The combinations may be given as individual prescrip-
tions or as fixed-dose formulations206. Treatment with 

fixed-dose combinations, such as irbesartan + hydro-
chlorothiazide has provided with good BP control in 
more than two-thirds of hypertensive patients (of di-
fferent ethnic groups) with the metabolic syndrome in 
the Irbesartan/HCTZ Blood Pressure Reductions in Di-
verse Patient Populations (INCLUSIVE)207,208. Lipid and 
BP targets were reached in a high % of hypertensive 
patients with coronary heart disease treated with a 
combination of amlodipine + atorvastatin209-212.

In conclusion, the recommendations for treatment 
of hypertensive patients with the metabolic syndro-
me are that each metabolic abnormality should be 
treated along with hypertension to provide CV, cere-
brovascular and renal protection. The ACE inhibitors 
or ARBs are the drugs of choice, unless contraindi-
cated. Diuretics (at low dose), calcium channel bloc-
kers have been used effectively, and that β-blockers 
can be used in certain cases. Fixed drug combination 
may also be quite useful.
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