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INTRODUCTION ° ,®

77

®
Diabetes is one of the most common chr@nic wide affecting nearly 200

million people (approximately 5 per cent o pulation), and is the fourth or fifth
leading cause of death in the dev@v&ld.nﬁh&ecked, by 2025 it is expected that
diabetes will reach epidemic pr lons; affectd®B million people (a rise in prevalence

to 6.3 per cent) glohally. h of this in@se is expected to occur in developing

countries, the rea N the increase areauuitry-specific but the consequence of

population ageiflg, Wocreasing urbanisation, unhgaltiets, obesity and sedentary

lifestyles! 3(“Estimates for the year 20Cfhd projections for 2030,
R

Each year, 3.2 million people around the world fitn complications associated with

S¥844.pdf,” n.d.)

diabetes. In countries with a high diabetes inadersuch as those in the Pacific and the

Middle East, as many as one in four deaths in acged between 35 and 64years is due to
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the disease. Type 2 diabetes, which accounts f@e®@ent of all diabetes, has become one
of the major causes of premature illness and de@mly through the increased risk of CVD

which is responsible for up to 80 per cent of thasaths.(Gan, n.d.)(Turner et al., 1998)

In most people with glucose intolerance or typeigbeltes, there is a multiple s&t of risk
factors that commonly appear together, forming wisahow known ‘Metabolic

Syndrome’. This ‘clustering’ of metabolic abnornti@ls that occur th same individual
appear to confer a substantial additional cardicwas risk &d %bove the sum of the

risk associated with each abnormality.(Sattar.e28

The cardiovascular complications@ ichalso a leading cause of

blindness, amputation and kidney failare, acgownt rhuch of the social and financial
®
burden of the disease.(“WHO_TR $ n.d.)

DEFINITION
The metabolig,syndrome is a cluster of the mosgdeous heart attack risk factors:
®
diabetes an jaketes, abdominal obesity, thighesterol and high blood pressure.
I@at that around a quarter of the werladult population have metabolic

s& (Issues, 2007) and they are twice aly likedie from and three times as likely to

have a heart attack or stroke compared with pewpleout the syndrome.(“Cardiovascular
Morbidity and Mortality,” 2001) In addition, peoplaith metabolic syndrome have a

fivefold greater risk of developing type 2 diabefig®del, 2004)
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Part 1: Worldwide definition for use in clinical practice

According to the new IDF definition, for a person to be defined as having

Table 1: The new International Diabetes Federation (IDF) definition Q
the metabolic syndrome they must have: N\

Central obesity (defined as waist circumference* with ethnicity specific
values)

plus any two of the following four factors:

Raised 2 150 mg/dL (1.7 mmol/L)
triglycerides or specific treatment for this lipid abnormality
Reduced HDL < 40 mg/dL (1.03 mmol/L) in males

< 50 mg/dL (1.29 mmol/L) in females

cholesterol or specific treatment for this lipid abnormality
Raised blood systolic BP 2 130 or diastolic BP 2 85 mm Hg
pressure or treatment of previously diagnosed hypertension

(FPG) 2 100 mg/dL (5.6 mmol/L),

or previously diagnosed type 2 diabetes

If above 5.6 mmol/L or 100 mg/dL, OGTT is strongly
recommended but is not necessary to define presence of the
syndrome.

Raised fasting
plasma glucose

* If BMI is >30kg/m?, central obesity can be assumed and waist circumference does not need to be
measured.

* These valu ave Nen\;pdated from those origilhapresented to ensure consistency

\\“ with ATP IIl cutpoints
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ETIOLOGY:

The underlying cause of the metabolic syndromeicoes to challenge the experts
but both insulin resistance and central obesitycargsidered significant factors.(Hu et al.,

2004)(Carr et al., n.d.)

Genetics, physical inactivity, ageing, a proinflraatory state onal changes

nding on ethnic

may also have a causal effect, but the role ofethemy X
group.(“diagnosis n complications of DM.pdf,” n.dDetection, ation, & Adults, 2001)
®
@
Insulin resistance c\\

Insulin resistance occurs when cells in ohel(] skeletal muscle and adipose/fat
tissue) become less sensitive an aﬂy amsigb insulin, the hormone which is
produced by the beta cells in_t creas toitiellglucose absorption. Glucose can no
longer be absorbed fQy th but remains irbtbed, triggering the need for more and

more insulin (hypetinsulinaemia) to be producedimattempt to process the glucose. The
production of &-in

®
beta cell e pancreas is no longer abjgdduce enough insulin then a person

asing amounts of insuliralkens and may eventually wear out the

S erglycaemic (too much glucose in thed)land will be diagnosed with type 2
diabetes. Even before this happens, damage isrougto the body, including a build-up of
triglycerides which further impairs insulin sengty and damage to the body’s

microvascular system (leading to kidney, eye andendamage).
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Strongly associated with irregularities in both agise and lipid metabolism, insulin

resistance is an underlying feature of the metalsgindrome and type 2 diabetes.
* Free fatty acids

The mechanisms by which insulin resistance mayt@(eatherogenic: t Mclude the

build-up of triglycerides (TG) and free fatty aci@lSFA). High COTQ

FFA are common in type 2 diabetes, with early dEIacsignifyﬁsm or the individual

s of plasma

from impaired glucose tolerance (IGT) to type Zoé'@s. li stance in adipose tissue

@
(fat cells) results in a flux of FFA from the adxx to the liver causing insulin

resistance in the liver and in periphera ylacids’ block glucose oxidation and

glucose transport, but they also cause herg Itpidaemia by inducing production in

the liver of very low-density lipopr ) pagles that lead to the elevation of TG and

apolipoprotein B (ApoB) an ing of highnd#y lipoprotein cholesterol (HDL-c).

An increase in T o high LDL-c levekignificantly increases the risk for

coronary heart disease (HBteinmetz, Fenselau, & Schrezenmeir, 2004iJe low HDL-
®
C is consider,

indivio&x firmed in epidemiological stig{®J, Collins, JT, & al, 2001) and in the

Lipd R ch Clinics Prevalence Study(JACOBS.e890) which found HDL-c to be an

beyaparticularly key risk fadbw CVD in both non diabetic and diabetic

independent contributor to CVD in both men and worard a stronger risk factor for CVD

in people with diabetes compared with non diabatieviduals.
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Significantly, low HDL-c and high TG are frequentiyund with insulin resistance, with or

without type 2 diabetes.(Aas, 2003)

This complex lipid profile, observed with both ty@ediabetes and the metabolic
syndrome, is considered an extremely high riskofafir CVD as all of the ofpalities
have been implicated as being independently atlerogBrunzell I, 2014)

(Stamler, Vaccaro, Neaton, & Wentworth, 1993) Q)

\ .
Central obesity

 J
®

Obesity is associated with insulin resistt\\ etabolic syndrome. Obesity

contributes to hypertension, high serum c (0] DL-c and hyperglycaemia, and is

independently associated with higk% fisk.(Ziet2002) The risk of serious health

consequences in the form of type tes, coydmeart disease (CHD) and a range of

other conditions, including s of cancass heen shown to rise with an increase in
body mass index {BMN, (L , CH, RS, & Jr, 19B8) it is an excess of body fat in the
abdomen, measye imply by waist circumferencd€lidb. 2), that is more indicative of

the metaboli omePprofile than BMI.2(Poulibk, 1994)(Rexrode et al., 1998)

chanism by which excessive body fat causmdirnresistance and impairs
glucoseg, metabolism is not clearly defined but fates (particularly visceral adipose tissue)
are an important cause of increased FFA and TGenskeletal muscle, which impairs

insulin secretion, raising blood glucose levels dnel likelihood of developing diabetes.

Excess adipose tissue (particularly the visceraltifsue in the abdomen) also releases
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inflammatory cytokines that increase insulin resise in the body’s skeletal muscles.
Furthermore, central obesity is also associatell witlecreased production of adiponectin,
which is the adipose-specific, collagen-like moleciiound to have antidiabetic, anti-

atherosclerotic and anti-inflammatory functions.

Adiponectin is an anti-inflammatory cytokine thadé produc dipocytes.

Adiponectin not only enhances insulin sensitivibyt also inhibit&eyral steps in the

inflammatory process. It also inhibits hepatic gineog '&yﬂies and the rate of
endogenous glucose production in the liver. Itg ® transport in muscle and
enhances fatty acid oxidation.(Eckel, Grundy, & )
Adiponectin has been strongly cerrelatéd with cardscular health and decreased
®

concentrations are associated wit tatiérteeo Metabolic Syndrome, including C
reactive protein, fibrinogen, sion and d¢nelml function. Decreased levels of

adiponectin are ass i@ higher BMI, insulkesistance, unfavorable plasma lipid

profiles and the development of cardiovascularatis@Hutley & Prins, 2005)

Leptin is,S % by adlipocytes and secretioegsilated by the size of fat stores. Leptin
recept&& ed mostly in the hypothalamuk tha brain stem and signals through
these, reégptors controls satiety, energy expemditumd neuroendocrine function. Most
overweight and obese individuals have elevateddedMdeptin that do not suppress appetite,

or in other words, leptin resistance. Leptin resist is thought to be a fundamental

pathology in obesity(Hutley & Prins, 2005).
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Tumor necrosis factor-alpha has also been implicat¢he development of obesity
and insulin resistance. Elevated levels of tumaress factor-alpha are positively
correlated with insulin resistance and chronic expe of tumor necrosis factor-alpha
induces insulin resistance.(Kershaw & Flier, 200dinor necrosis factor-alpha may also
impair insulin receptor tyrosine kinase activityddead to impaired downstream insulin
signaling (Abate, 2014) Tumor necrosis factor-alplsa impairs insulin signaling by
Increasing serum non-esterfied fatty acids, wheoiaduce insulin resistance in many

tissues (Kershaw & Flier, 2004)

S
Plasminogen activator inhibitor-1 is a reg am the coagulation cascade and

elevated levels in obese states are a kno Ekitfdor thrombosis, as it decreases the
generation of plasmin and thus decr fiftrilysigh levels of plasminogen activator
inhibitor-1 along with obesity-i INCreasesclotting factors and platelet activation

create a hypercoag b%a rogenesisnarehse cardiovascular risk. Plasminogen
activator inhibitor-Ihasjals en implicatedhe aiccumulation of visceral fat .(Hutley &
Prins, 2005) ®

| fiv r cent of obese individuals have salegree of insulin resistance which
c e ed with weight loss. Inactivity aldays a role via the mechanism of GLUT-4,

a chemtcal which facilitates glucose absorptiorth®ycells. Physical inactivity lowers levels

of GLUT-4 making it less effective. Lack of exereisay also increase levels of FFA in the
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blood thus stepping up the storage of visceral bath of which are implicated in the

aetiology of insulin resistance.

Table 2: Ethnic specific values for waist circumference

Waist

Country/Ethnic group circumference

Europids* Male 294 cm
In the USA, the ATP lll values

(102 cm male; 88 cm female)

are likely to continue to be used for
clinical purposes

South Asians Male 290 cm
Based on a Chinese, Malay and

R4

Female 280 cm

Asian-Indian population Female 280cm
. Male 290 cm

Chinese

Female 280 cm

Male 290 cm
Japanese**

Female 280 cm
Ethnic South and Central Use South Asian recommendations until more
Americans specific data are available

Use European data until more specific data
Sub-Saharan Africans . P P
are available

Eastern Mediterranean and Use European data until more specific data
Middle East (Arab) populations are available

* In future epidemiological studies of populations of Europid origin, prevalence should be given
using both European and North American cut-points to allow better comparisons.
** Originally different values were proposed for Japanese people but new data support the use of
the values shown above.

o\

igher cut-point is currently used fdr ethnic groups in the USA for

sis, it is strongly recommended tloatepidemiological studies and, wherever
possible, for case detection, ethnic group speciftepoints should be used for people of the

same ethnic group wherever they are found. Thusritexia recommended for Japan would
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also be used in expatriate Japanese communitiegoad those for South Asian males and

females regardless of place and country of reselédc

Abdominal Metabolic
Obesity D s mmmnd  Syndrome \

-

Ectopic Adipose Dysfunction of Vascular Inflammation
Tissue ™ Adipose Tissue Deregulation
T Attenuated i
Postprandial Lipidemia Hioh:Blood Pressure
> |
Insulin Atherogenic
Resistance Dyslipidemia
\ \ \ \
Atherosclerosis
4
Fig. Path ge$ abolic syndrome due to abrhinal obesity
.\
Dyslipidaemi ®

, With increases in free fatty acid ftoxthe liver, increased production of
very -density lipoproteins (VLDL) occurs. Undgahysiological conditions, insulin
inhibits the secretion of VLDL into the systemicratilation. In the setting of insulin

resistance, increased flux of free fatty acids He tiver increases hepatic triglyceride

http://www.ksijmr.com Page | 47



“Knowledge Scholar”
An International Peer Reviewed Journal Of Multidisciplinary Research
Volume: 01, Issue: 01, Nov. - Dec. 2014 eISSN NO. 2394-5362

synthesis. Thus, hypertriglyceridaemia is an ercgllreflection of the insulin resistant

condition and is one of the important criteria doagnosis of the metabolic syndrome.

The other major lipoprotein disturbance in the rneli@ syndrome is a reduction in

HDL cholesterol. This reduction is a consequencectuinges in HDL co sitign and

metabolism. 0

In the presence of hypertriglyceridaemia, a deerdiamequ content of HDL
®

ein core with variable

results from decreases in the cholesteryl estetenbrof the i

increases in triglyceride. In addition to HDL, t itiog, of LDL is also modified in a
I/L, almost all patients have a

similar way. In fact, with fasting serum tri '
predominance of small dense LDL. This change in L&dmposition is attributable to

®
relative depletion of unesterified a lesterol, and phospholipids, with either no

change or an increase in yceride. In sostedies, this alteration in LDL
composition is an in p@isk factor for aavescular disease. However, more often
this association is§notWindependent, but relatedtht®® concomitant changes in other
lipoproteins a ‘the‘ k factors.

h&&;n s group has highlighted a number afrgtarameters that appear to be

related tOthe metabolic syndrome (Table 3) whiobusd be included in research studies to
help determine the predictive power of these eatitaria for CVD and/or diabetes. The use
of these additional factors in research will alBova further modification of the definition if

necessary and the validation of the new clinicdhden in different ethnic groups.
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Table 3: Additional metabolic measurements for research

General body fat distribution (DEXA)
Central fat distribution (CT/MRI)

Abnormal body fat distribution Adipose tissue biomarkers: leptin,
adiponectin
Liver fat content (MRS)
Atherogenic dyslipidaemia ApoB (or non-HDL-¢c)
(beyond elevated triglyceride and low HDL) Small LDL particles \
Dysglycaemia OGTT \
Fasting insulin/proinsulin levels
HOMA.-IR {3
Eaaliie paaine s Insulin resistance by Bergman Minimal
(other than elevated fasting glucose) Model
99 Elevated free fatty acids (fasting and during
OGTT)
M value from clamp
Vascular dysregulation Measurement of endothelial dysfunction
(beyond elevated blood pressure) Microalbuminuria

Elevated high sensitivity C-reactive protein
Elevated inflammatory cytokines (eg TNF-
alpha, IL-6)

Decrease in adiponectin plasma levels

Fibrinolytic factors (PAI-1, etc)
Clotting factors (fibrinogen, etc)

Proinflammatory state

Prothrombotic state

Hormonal factors Pituitary-adrenal axis

Recommendations for treatmgn

Once a diagno etabolic syndrome is mimdefuture management of the
condition should % sive and uncompromisingg iaim to reduce the risk of CVD and
atie

®
type 2 diab

smoki%& conjunction with the following:

* Primary ttervention

s should undergo a fulllicaascular risk assessment (including

IDF recommends that primary management for the lnadita syndrome is healthy

lifestyle promotion. This includes:
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* moderate calorie restriction (to achieve a 5-10cpeet loss of body weight in the first
year)
* moderate increase in physical activity

» change in dietary composition

The results of Finnish and American prevention @bdtes studl@/ shown the

marked clinical benefits associated with a smaligiveloss in termsyof reventmg (or at

®
least delaying by several years) the conversiontyjme etes among high-risk

@
individuals with glucose intolerance who were, g‘h efruomilehto et al., 2001)

» Secondary intervention

In people for whom lifestyle ch iIs@not enougld avho are considered to be at
high risk for CVD, drug therap requiredtrieat the metabolic syndrome. While
there is a definite need fo nt that cadufate the underlying mechanisms of the

metabolic syndro e and thereby redwcetpact of all the risk factors and the

long term metalwplicjandycardiovascular consequenittese mechanisms are currently

unknow 'figp armacological agents amnetbee not yet available.

xned in Table 4, it is currently necessargtead to treat the individual
components of the syndrome in order that a redudtiahe individual risk associated with

each one will reduce the overall impact on CVD diabetes risk.
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Table 4: IDF recommended treatment of the individua components of the metabolic

syndrome

Atherogenic dyslipidaemia

Primary aims for therapy:
» Lower TG (as well as lowering ApoB and non—HDLotﬂrBter((JQ
®

* Raise HDL-c levels \

* Reduce LDL-c levels (elevated levels re.pﬁes to@yrisk in the metabolic
syndrome) \\

Options: ¥>

» Fibrates (PPAR alpha agoni improve all congmbs of atherogenic
dyslipidaemia and appear t e risk for GW[People with metabolic

syndrome. The Veter
(VA-HIT) showed th

with well-establi

High-Density Lipdeio Intervention Tria
DL-c concentrationsing a fibrate in patients
D and both a low HDL-c aadbow LDL-c level will

significantly. reducetthe incidence of major corgnevents.(Aas, 2003)

« Statins to reduce all ApoB-containing lipoproteand to achieve ATP Il

goals for LDL-c as well as for non-HDL-c (ATP IR001). Several clinical
studies have confirmed the benefits of statin {we(&M, CM, TJ, & al,
1999)(Diabetic et al., 1998)

» Fibrates in combination with statins but may benplicated by side effects
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Elevated blood pressure

» Categorical hypertension (BP140- 90 mm Hg) should be treated according
to the USA Seventh Report of the Joint National @uitee on preventior

detection, evaluation, and treatment of high bloptessure (
recommendations.(Chobanian et al., 2003)

* In patients with established diabetes, antihyesive the%y)guld be
introduced at B 130~ 80 mm Hg. \ N

» Angiotensin converting enzyme inh d atgmsin receptor blockefs

are useful antihypertensive d V\Qt some dnitrials (but not all)

suggesting they carry adva r other drugsitients with diabetes. At
this time, however, the ma of clinical triadsiggest that the risk reduction

associated withQ anti tenSive drugs is the redublood pressure lowering

per se and not ticular type of drug.

* No particylar agents have been identified asgopreferable for hypertensive

patien alsothave the metabolic syndrome.

A}
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Insulin resistance and hyperglycaemia

resistance will delay the onset of type 2 diabeted will reduce_C

also demonstrated efficacy in delaying or prev
with impaired glucose tolerance (IGT) af
(Buchanan et al., 2002) urbin, R. J. (200 u

There is growing interest in the possibility thatugs that reduce,l

showed that metformin therapy in patients with pbdtes Will prevent ar

when metabolic syndrome is present. The Diabeteselﬁtion (DPPR)
|l

delay the development of diabetes and recent thdzedioneystudies have

how whether any of therenily available

Idbetes in patients
ance.(Group, 200R)

Similarly, other studies have shown th asseband orlistat can be used

to delay the development of typ jabetes irepaiwith IGT.(Chiasson, R(
Gomis, & al, 2003) (TorgerssE man, BoldrinSgstrom, 2004)

\Y I

<

http://www.ksijmr.com

Data do not yet exi
thiazolidinedion the risk of CVD in thosd&th the metabolic
syndrome, IGY, or diabetes.
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