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Abstract: Metabolic Syndrome (MS) is a collection of risk factors including insulin resistance, central obesity,
hypertension and dyslipidemia and itself is a risk factor for coronary artery disease. In recent times, its
prevalence 1s on a rise in obese children too. Many working criteria for diagnosing MS are deing-the-round;
given by World Health Orgamzation, Adult Treatment Panel 3 and American Association of Clinical

Endocrinologists. Risk factors

involved in the pathogenesis

of M3 are many-fold, accordingly

pharmacotherapy of MS is also multifacet. This review article is an account of pathogenesis, diagnosis and
available treatment options in MS with a brief account of future prospect.
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INTRODUCTION

The term Metabolic Syndrome (MS) was first time
used by Haller (1977) to describe the associations of
obesity, diabetes mellitus, Thyperlipoproteinemia,
hyperuricemia and steatosis hepatis when describing the
additive effects of risk factors on atherosclerosis. It is one
of the most discussed topics in the past 15 years due to
its association with Coronary Heart Disease (CHD)
(Sanchez-Torres and Delgado-Osorio, 1997). The MS, also
known as cardiovascular dysmetabolic syndrome
(Deedwania and Gupta, 2006), syndrome X, insulin
resistance syndrome or Reaven's syndrome (Reavern,
1988), is a collection of risk factors that includes insulin
resistance, central obesity, arterial hypertension and
atherogenic dyslipidemia  (Sanchez-Torres and
Delgado-Osario, 1997) and this cluster of abnormalities
assoclated with insulin resistance identifies mdividuals at
mereased risk for cardiovascular disease (Kim and
Reaven, 2004). Tt affects one in five people and prevalence
increases with age. Some studies estimate the prevalence
in the USA to be up to 25% of the population (Ford et al.,
2002; Meigs, 2003). The prevalence of MS 1s high among
European obese children (12.2%) and this rapid rising
prevalence of childhood obesity is related to increased
risk of obesity-related diseases during adulthood
(Bokor et al, 2008). Given that India has the largest
mumber of subjects with type-2 diabetes in the world it
can be extrapolated that this country also has the largest

mumber of patients with the metabolic syndrome.
Epidemiological studies confum a high prevalence
{(Deedwama and Gupta, 2006).

SIGNS AND SYMPTOMS OF METABOLIC
SYNDROME

Various characteristic features of MS include, but are
not exclusively limited to:

»  Fasting hyperglycemia-diabetes mellitus type 2 or
mpaired fasting glucose, impaired glucose tolerance,
or insulin resistance (Vitale et al., 2006)

»  High blood pressure (Daskalopoulou et al., 2004)

s Central obesity (also known as visceral, male-pattern
or apple-shaped adiposity), overweight with
fat deposits mainly around the
(Daskalopoulou et al., 2004).

» FElevated Triglycerides and LDL cholesterol, and
decreased HDL cholesterol (Grundy, 2003)

waist

Some associated diseases and signs may be there like
hyperuricemia (Nakagawa et al, 2006), fatty liver
{(especially in concurrent obesity) progressing to non-
alcoholic fatty liver disease (Garcia-Compean et al., 2009),
polycystic ovarlan syndrome (n  women)
(De Azevedo et al., 2008) and erectile dysfunction and
male hypogonadism (in men) (Corona et al., 2008).
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PATHOGENESIS OF METABOLIC SYNDROME

The metabolic syndrome seems to have 3 potential
etiological categories: Obesity and disorders of adipose
tissue, insulin resistance and a constellation of
independent factors (molecules of hepatic, vascular and
immunologic origin) that mediate specific components of
the metabolic syndrome. Other factors-aging,
proinflammatory state and hormonal changes have also
been implicated as contributors (Grundy et al., 2004).

Obesity and abnormal body fat distribution: Adult
treatment panel 3 (ATP 3) considered the obesity
epidemic as mainly responsible for the rising prevalence

of metabolic syndrome. Obesity contributes to
hypertension, high serum cholesterol, low HDL
cholesterol and hyperglycemia and is otherwise

associates with higher Cardio Vascular Disease (CVD)
risk. Abdominal obesity especially correlates with
metabolic risk factors. Excess adipose tissue releases
several products like Non-Esterified Fatty Acids (NEFA),
cytokines, Plasminogen Activator Inhibitor-1 (PAT-1) and
adiponectin and these apparently exacerbate the risk
factors (Expert Panel on Detection, Evaluation and
Treatment of High Blood Cholesterol in Adults, 2001 ).

Insulin resistance: A second category of causation 1s
msulin resistance. Many investigators place a greater
priority on insulin resistance than on obesity in
pathogenesis (Reaven, 1988; Ferrannini ez al., 1991). They
argue that msulin resistance, or its accomplice,
hyperinsulinemia, directly causes other metabolic risk
factors. Identifying a unique role for insulin resistance is
complicated by the fact that it 1s linked to obesity. Insulin
resistance generally rises with increasing body fat
content, yet a broad range of insulin sensitivities exists at
any given level of body fat (Abbasi et al., 2002). Most
people with categorical obesity (body mass index
[BMI]>30 kg m ) have postprandial hyperinsulinemia and
relatively low msulin sensitivity (Bogardus et af., 1985).

Independent factors that mediate specific components of
the metabolic syndrome: Beyond obesity and insulin
resistance, each risk factor of the metabolic syndrome 1s
subject to its own regulation through both genetic and
acquired factors. This leads to variability in expression of
risk factors. Lipoprotein metabolism, for instance, 1s richly
modulated by genetic variation;, hence, expression of
dyslipidemias in response to obesity and/or insulin
resistance varies considerably. The same holds for blood
pressure regulation (Grundy et al., 2004). Advancing age
probably affects all levels of pathogenesis, which likely
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explains why prevalence of the metabolic syndrome rises
with advancing age (Ford et al., 2002). Several members of
a large family of nonselective cation-entry channels, like
Transient Receptor Potential (TRP) Canomcal (TRPC),
Vanilloid (TRPV) and Melastatin (TRPM) channels, have
been associated with the development of cardiovascular
diseases. TRPV1 regulates adipogenesis and inflammation
in adipose tissues, whereas TRPC3, TRPC5, TRPCS,
TRPV1 and TRPM?7 are involved in vasoconstriction and
regulation of blood pressure. Other members of the TRP
farmily are involved mn regulation of insulin secretion, lipid
composition and atherosclerosis. Thus, disruption of TRP
channel expression or function may account for the
observed increased cardiovascular risk in metabolic
syndrome patients (Liu et af., 2008). Even oxidative stress
due to a variety of causes including increased uric acid
levels caused by dietary fructose has been implicated in
the pathogenesis of MS (Nakagawa et al., 2006).

CRITERIA FOR CLINICAL DIAGNOSIS OF
METABOLIC SYNDROME

At least 3 orgamzations have recommended clinical
criteria for the diagnosis of the metabolic syndrome. Their
criteria are sumilar in many aspects, but they also reveal
fimdamental differences m positioning of the predominant
causes of the syndrome.

Adult treatment panel (atp) iii criteria: Criteria of ATP
3 are shown in Table 1 (NECP, Expert Panel, 2001). When
3 of 5 of the listed characteristics are present, a diagnosis
of metabolic syndrome can be made. The primary clinical
outcome of metabolic syndrome was 1identified as
CHD/CVD.

Abdominal obesity, recognized by mcreased waist
circumference, i1s the first criterion listed. Explicit
demonstration of insulin resistance is not required for
diagnosis; however, most persons meeting ATP 3 criteria
will be insulin resistant.

World health organization criteria: Tn 1998, a World
Health Orgamzation (WHO) consultation group outlined

Table 1: ATP 3 clinical identification of the metabolic syndrome
Risk factor Defining level
Abdominal obesity, given as waist circumlerence

Men =102 cm 40 in)
Woimen =8B cm (35 in)
Triglycerides HDL cholesterol >150 mg dL.™!

Men <40 mg dL!
Women <50 mg dL ™!

Blood pressure »130/>85 mm of Hg
Fasting glucose >10 mg d.”*¥

#After ATP 3 criteria were established, the American Diabetic
Association changed cut-off point to of fasting glucose to >100 mg dL™!
(Genuth et al., 2003) Accordingly, this cut-off should be considered for
diagnosing Metabolic Syndrome
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Table 2: WHO clinical criteria for metabolic syndrome

Insulin resistance, identified by one of the [ollowing

Type 2 diabetes

Trnpaired fasting ghicose

Impaired glucose tolerance

or for those with nommal fasting glicose levels, glucose uptake below the
lowest quartile for background population under investigation under
lyperinsulinernic, euglycemic conditions

Plus any two ol the lollowing

Antilypertensive medication and high blood pressire

(2140/>90 mm of Hg)

Plasma Iriglycerides »150 mg dL™!

HDL cholesterol <35 mg dL.™! in men or <39 mg dL™ in women

BMI =30 kg m™? and/or waist:hip ratio >0.9 in men, >0.85 in women
Urinary albumin excretion rate 20 pg min~ or albumin:creatine ratio
>30 mg g~!

Table 3: AACE clinical criteria for diagnosis of the metabolic syndrome
Risk factor component Cut-off points for abnormality

Overweight/obesity BM=25 kg nr
Elevated triglycerides »150 mg dL.™!
Low HDL cholesterol

Men <40 mg dL™!
Wormnen <50 mg dL!
Elevated blood pressure »130/85 mm of Hg
2-hour post-glucose challenge >140 mg dL™!

Fasting glucose Between 110 and 126 mg dL.=*
Other risk lactors

+ Family history of type 2 diabetes, hypertension or cardiovascular disease
» Polycystic ovarian syndrome

+ Sedentary life style, advancing age

» Ethnic groups having high risk for type 2 diabetes or CVD

a provisional classification of diabetes that included a
working definition of the metabolic syndrome (Alberti and
Zimmet, 1998), which was finalized n 1999. The guideline
group also recognized CVD as the primary outcome of the
metabolic  syndrome. However, it viewed Insulin
Resistance (TR) as a required component for diagnosis. In
addition to IR, 2 other risk factors are sufficient for a
diagnosis of metabolic syndrome (Table 2).

American association of clinical endocrinologists
criteriaz  The American Association of Clinical
Endocrinologists (AACE) proposes a third set of clinical
criteria for the insulin resistance syndrome (Einhorn et al.,
2003). These criteria appear to be a hybrid of those of
ATP 3 and WHO metabolic syndrome. However, no
defined number of risk factors 1s specified; diagnosis 1s
left to clinical judgment (Table 3).

METABOLIC SYNDROME AS A RISK CONDITION

Tt seems self-evident that a condition characterized
by multiple risk factors will carry a greater risk for adverse
climical outcomes than with a single nsk factor.
Individuals with metabolic syndrome are at increased risk
for CHD (Lakka et al, 2002). In Framingham, the
metabolic syndrome alone predicted ~25% of all new-
onset CVD. When the risk for new-onset diabetes was
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examined for the Framingham cohort, in both men and
women, the presence of metabolic syndrome was highly
predictive of new-onset diabetes. Almost half of the
population-attributable 1isk for diabetes could be
explained by the presence of ATP 3 metabolic syndrome.

THERAPEUTIC STRATEGIES AND IMPLICATIONS

The two major therapeutic strategies for treatment of
affected persons are prevention by modification of the
underlymng risk factors and separate drug treatment of the
particular metabolic risk factors when appropriate.

Prevention: Various strategies proposed to prevent the
development of metabolic syndrome include, increased
physical activity (such as walking 30 min every day) or
aerobic exercises (Lakka and Laaksonen, 2007),
(Katzmarzyk et al., 2003) and a healthy, reduced calorie
diet with evidence of beneficial effects of replacing some
carbohydrate with monounsatwrated fat (Feldeisen and
Tucker, 2007). Physical exercise have an independent
effect on glycemia control, msulin sensitivity, serum lipid
levels, blood pressure, weight reduction and in promoting
psychological well being (Spellman, 2009; Shehu et al.,
2010). The International Obesity Taskforce states that
interventions on a sociopolitical level are required to
reduce development of the metabolic syndrome in
populations (JTames et al., 2004).

A 2007 study of 2,375 male subjects over 20 years
suggested that daily mtake of a pint of milk or equivalent
dairy products, more than halved the risk of metabolic
syndrome (Elwood et al., 2007; Snijder et al., 2007). Tt has
been shown that green tea, when consumed on a daily
basis, has favorable effects on the major MS risk factors
such as obesity, type-2 diabetes and cardiovascular risk
factors (Thielecke and Boschmann, 2009).

Pharmacotherapy: Drug therapy is needed to achieve
recommended goals if therapeutic lifestyle changes are
not sufficient. As the cause of Metabolic Syndrome is
multifactorial, treatment should also be multifacet
(Liberopoulos et al, 2005). targets of
pharmacotherapy and the drugs used in Metabolic
Syndrome include:

Various

Obesity as target of pharmacotherapy: Other than weight
loss, there is no single best therapy for Metabolic
Syndrome (Deedwania and Gupta, 2006). This weight loss
achieved by using therapeutic lifestyle
approaches, as mentioned earlier (diet control and
increased physical activity), for control of obesity and

can be
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visceral obesity or by pharmacotherapy using anti-
obesity agents. Weight loss lowers serum cholesterol and
triglycerides, raises HDL cholesterol, lowers blood
pressure and glucose and reduces nsulin resistance.
Recent data further show that weight reduction can
decrease serum levels of C-Reactive Protem (CRP) and
PAT-1 (Grundy et al., 2004). Short term weight loss can be
achieved, but keeping this weight off can be a problem. Tt
often requires making exercise and a lower calorie diet a
permanent part of a person's lifestyle (Shick et al., 1998,
Tate et al, 2007). In the general population only 20%
people at long-term weight
maintenance (Wing and Phelan, 2005).

are successful loss

Only two anti-obesity medications are currently
approved by the FDA for long term use. One 1s orlistat,
which reduces intestinal fat absorption by inhibiting
pancreatic lipase; the other 1s sibutramine, which acts in
the brain to inhibit deactivation of the neurotransmitters
norepinephrine, serotonin and dopamine, therefore
decreasing appetite. However, their safety and
effectiveness have not been established for use beyond
2 years (WIN, 2007). Rimonabant, a third drug, works via
a specific blockade of the endocannabinoid system and
has been developed from the knowledge that cannabis
smokers often experience extreme hunger pangs, which
are often referred to as the munchies. It has been
approved in Europe for the treatment of obesity but has
not yet received approval in the United States or Canada
due to safety concerns (CBC News, 2007, FDA, 2007).

Even with these drugs weight loss 1s modest. Over
a long term, average weight loss with orlistat is 2.9 kg,
with sibutramine it 15 4.2 kg and with rimonabant it 1s
4.7 kg. Orlistat and rimenabant lead to a reduced incidence
of diabetes and all three drugs have some cholesterol
lowering effect. There is however little data on how these
drugs affect the longer-term complications or outcomes of
obesity (Rucker et al., 2007).

Bariatric surgery is only recommended for severely
obese people (BMI>40) who have failed to lose weight
with dietary modification and pharmacological treatment.
This can be done by reducing the volume of the stomach
or by producing an earlier sense of satiation
(by adjustable gastric banding and vertical banded
gastroplasty) or by reducing the length of bowel that food
will be in contact with, directly reducing absorption
known as gastric bypass surgery (Encinosa et al., 2006).
A marked decrease in the risk of diabetes mellitus,
cardiovascular disease and cancer has also been found
after bariatric surgery (Sjostrim, 2008).

Insulin resistance and hyperglycemia as target of
pharmacotherapy: The primary treatment for insulin
resistance 1s also exercise, weight loss and low-
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carbohydrate diets (Boden et al., 2005). Both metformin
and the thiazolidinediones improve insulin resistance, but
are only approved therapies for type 2 diabetes, not
insulin resistance, per se. A recent study has reported
metformin to be more efficacious and cost-effective
insulin sensitizer as compared to pioglitazone in patients
with metabolic syndrome (Mahajan et al., 2010).

Metformin 1s the only anti-diabetic drug that has
been proven to protect against the cardiovascular
complications of diabetes (Selvin et al., 2008). Additional
advantage with metformin is its capacity to cause minor
weight loss (Stumvoll et af., 1995). It modestly reduces
LDL and triglyceride levels also (Bolen et af., 2007).
Development of hypoglycemia is not a problem with
metformin (Kilo et @l., 2003). Thiazolidienediones (TZDs)
improve glycemic control and msulin sensitivity in
patients with type 2 diabetes, despite their potential
to  cause weight gain, due to favourable
redistribution of body fats (Fonseca, 2003). Pioglitazone
(a thiazolidinedione) treatment has shown significant
protection from both micro-vascular and macro-vascular
cardiovascular events and plaque progression
(Mannucei et al., 2008).

There are, however, no CVD end-point studies on
metformm or TZDs treated patients with metabolic
syndrome. Thus, at present, metformm or TZDs cannot be
recommended for the express purpose of reducing risk for
CVD in persons with the metabolic syndrome
(Grundy et al., 2004). Ttis documented that omega-3 fatty
acids can also improve insulin sensitivity (Lovejoy, 2002).
When there is no insulin resistance, any oral antidiabetic
agent like metformin, TZDs, acarbose, meglitinide can be
used for controlling blood glucose levels within normal
limits (Liberopoulos et al., 2005). Glucagon like peptide-1
receptor agonists like exenatide and dipeptidyl peptidase
4 mhibitors like vildagliptin are new insulin secretagogues
which have been recommended to be used in type 2
diabetic patients, by American Diabetes association and
UK’s National Institute of
(Mahajan and Gupta, 2010a).

Climical Excellence

Atherogenic dyslipidemia as target of pharmacotherapy:
Although statins  typically are
LDL-lowering drugs, they reduce all apolipoprotein B
containing lipoproteins. Recent subgroup analysis of
statin trials reveal that statins reduce risk for CVD events
in patients with metabolic syndrome. Fibrates also
favorably modify atherogenic dyslipidemia and may
directly reduce atherogenesis. Post hoc analysis of recent
fibrate trials strongly suggests that they reduce CVD end
points i patients with atherogenic dyslipidemia and
metabolic syndrome (Rubins, 2000). Statins do not

recogmzed to be
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improve insulin resistance (Clough et al., 2009) while
fibrates are known to increase insulin sensitivity and this
may be an additional mechamsm by which they decrease
incidence of coronary heart disease in metabolic
syndrome (Han et al., 2005). Fibrates are recommended as
an adjunct to statins for treatment of residual dyslipidemia
and residual CVD risk, but this combmation may,
however, raise the risk of myopathy and rhabdomyolysis
(Briton, 2008).

Elevated blood pressure as target of pharmacotherapy:
Treatment of categorical hypertension in patients with M3
with drugs has become standard practice (Grundy, 2005).
The blood pressure target is <<140/90 mm Hg. The effect
on carbohydrate homeostasis should possibly be taken
into account in selecting an antihypertensive drug
(Daskalopoulou et al., 2004). Available evidence suggests
that Angiotensin Converting Enzyme (ACE) inhibitors
and Angiotensin Receptor Blockers (ARBS) are more
beneficial for treatment of hypertension in patients with
MS compared to others as these drugs also prevent
development of diabetes (Deedwama and Gupta, 2006).
Alternatives are, caleium channel blocker or addition of a
low dose of a thiazide diuretic if necessary
(Liberopoulos et al., 2005).

Prothrombotic state as target of pharmacotherapy: No
drugs are available that target PAT-1 and fibrinogen. An
alternative approach to the prothrombetic state is
antiplatelet therapy. Aspirin which has an antiplatelet or
anti-clotting, effect is used m long-term, low doses to
prevent heart attacks, strokes and blood clot formation in
people at high risk for
(Lewis et al., 1983).

developing blood clots

Other targets of pharmacotherapy: These include,
targeting proinflammatory state by reducing C-reactive
protein with the use of lipid lowering drugs (Grundy et al.,
2004), mmproving hiver function in nonalcoholic fatty liver
disease and a reducing the risk of acute gout
(Daskalopoulou et al., 2004).

Future trends in pharmacotherapy: In a recent study,
Phosphodiesterase-5-mhibitor Tadalafil in a dose of 10 mg
d™ has shown to improve B-cell function after 3week
treatment and may prove to be a novel strategy for
improving P-cell function in metabolic syndrome
(Hill et al., 2009).

Rivoglitazone, an insulin sensitizer with peroxisome
proliferator-activated receptor gamma agonistic activity is
currently under development for the potential treatment of
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type 2 diabetes (Schimke and Davis, 2007). Similarly,
tiplaxtimn, a selective plasminogen activator inhibitor-1 1s
undergoing clinical trials (Elokdah et al., 2004).

Recent studies have linked type-2 diabetes with
deranged circadian rhythm and a possible link between
circadian rhythm regulation and glucose homeostasis
through the melatonin signaling pathway has been
suspected (Kapoor and Mahajan, 2009). Thus, melatonin
pathway may prove to be a novel base for the
development of type 2 diabetes. Bromocriptine mesylate,
a recently mtroduced drug for type 2 diabetes also act by
resetting the deranged circadian rhythm and has proved
useful in patients with insulin resistance (Mahajan, 2009).
Bromocriptine may prove useful in M3 also.

In a recent experimental study, it has been shown
that severe myostatin deficiency caused by Ln mutations;
even in high fat diet fed mice protect muscle and liver
against obesity-induced insulin resistance (Wilkes et af.,
2009). So, myostatin gene can be a good target for
designing new diugs for the treatment of TR and MS.

Another area of interest 15 the development of dual
peroxisome proliferator-activated receptor agonists. The
PPAR alpha/gamma dual agonists are being developed to
increase insulin sensitivity and simultaneously prevent
diabetic cardiovascular complications. Such compounds
are under climical trials and proposed for treatment of
type-2  diabetes with secondary cardiovascular
complications (Mahajan and Gupta, 2010b). As these
compounds are intended to target both type-2 diabetes
and cardiovascular complications, they may prove
efficacious in MS.

CONCLUSION

Despite the assertion that different sets of
conflicting and incomplete diagnostic criteria are in
existence for Metabolic Syndrome and that the metabolic
syndrome is nothing more than the sum of its constituent
parts and despite questioning its clinical value (Kahn,
2008), it 1s agreed that CVD 1s the primary outcome of M5,
with additional risk of type 2 diabetes, which itself is a risk
factor for CVD. Life style changes with emphasis on
weight reduction constitute the 1* line therapy for MS.
Drug treatment for component traits 15 known to reduce
the risk for type 2 diabetes and CVD, whether risk is
reduced by treatment of the syndrome, specifically,
remains uncertain (Meigs, 2002). Fixed-dose combination-
polypharmacy using a single pill 1s an interesting concept
that needs to be evaluated in long-term prospective trials
in patients with Metabolic Syndrome.
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