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INTRODUCTION

The 3-Hydroxyl-3 methyl glutaryl Coenzyme A (HMG Rpreductase
inhibitors or statins have been a primary force tie management of
hypercholesterolemia for many years and are impbrita the primary and
secondary prevention of heart disease. Howeverasingly it is being shown
that the statins have clinical benefits that appedre greater than those one
would expect from improvement in the lipid proféé¢one. These pleotrophic
actions include direct effects on vascular tisskidney, bone and glucose
metabolism.

The hyperinsulinaemic / insulin resistant statea metabolic condition
linked to widespread and heterogeneous clinicatiyme like hypertension,
obesity, type-2 diabetes, dyslipidaemia, atherogsle and coronary vascular
disease. About 25% of the non-diabetic populasbows abnormalities of
insulin sensitivity and compensatory hyperinsulmase

Diabetes affected 194 million people worldwide 603 and is estimated
to affect 299 to 333 million by 2025, according ltdernational Diabetes

Federation.



The South Asian population is known to be at rila @therosclerosis,
even though the subject does not have clinicalenad of coronary heart
disease.

In India, population is vast, and there is hetenag#y of origin or race,
geography and habit, socioeconomic status, di¢taoyts, methods of cooking
and preservation, use of pesticides etc. Theswrfa@long with known
variables like age, sex etc. influence lipid pmfif individuals.

India is facing a diabetic explosion. It has therl/'s largest diabetic
population about 25 million, and the number is preedl to rise to 35 million
by 2010 and to 57 million by 2025. The exact matof the increase in
prevalence of type 2 diabetes is unknown, and gettetic and lifestyle factors
are being blamed. The urbanization tendency ofl tadia puts the incidence
of diabetes with all its complications and mortaliin the rise. Insulin
resistance is supposed to play a major role indiéneslopment of diabetes.
Considering the magnitude and severity of hypetinaamic / insulin resistant
state, pharmaceutical measures are initiated gadg Indian.

Clinical trials and animal studies (invivo and itmg) have shown that
statins reduce cardiovascular disease risks andteverogression of
nephropathy, development of diabetes and fracaiesythese are benefits that

go beyond lipid lowering alone. These agents awerinsulin sensitivity and



reduce the likelihood of persons progressing frowpdired glucose tolerance
to type Il diabetes.

Various studies have observed the effect of statmssulin sensitivity
in Type 2 Diabetic mellitus. Since statins are ownly used for the treatment
of hypercholesterolemia in clinical practice, iingportant to know their effect

on insulin sensitivity.



AIMS AND OBJECTIVES

+ To evaluate the effects of Atorvastatin on insgkmsitivity.



REVIEW OF LITERATURE

STATIN

The statins (or HMG-CoA reductase inhibitors) foran class of
hypolipidemic drugs used to lower cholesterol Ieviel people with or at risk
of cardiovascular disease. They lower cholesteyolinhibiting the enzyme
HMG-CoA reductase, which is the rate-limiting enzyrof the mevalonate
pathway of cholesterol synthesis. Inhibition ofsthenzyme in the liver
stimulates LDL receptors, resulting in an increaskghrance of low-density
lipoprotein (LDL) from the bloodstream and a deseean blood cholesterol
levels. The first results can be seen after onekvedeuse and the effect is
maximal after four to six weeks.

Akira Endo and Masao Kuroda of Tokyo, Japan comménesearch
into inhibitors of HMG-CoA reductase in 1971 (End®92). This team
reasoned that certain microorganisms may produabitors of the enzyme to
defend themselves against other organisms, as amatal is a precursor of
many substances required by organisms for the eraante of their cell wall

(ergosterol) or cytoskeleton (isoprenoids).



The first agent isolated was mevastatin (ML-236B), molecule
produced byPenicillium citrinum. The pharmaceutical company Merck & Co.
showed an interest in the Japanese research in #@d6isolated lovastatin
(mevinolin, MK803), the first commercially marketeiatin, from the mold
Aspergillus terreus. Dr Endo was awarded the 2006 Japan Prize fowbrk
on the development of statins.

PATHWAYS OF ACTIVITY

Cholesterol is required in maintaining cellular nigeme structure and is
also a precursor for the synthesis of steroid haesoand bile acid. The
mevalonate pathway (FIGURE 1) is the series oftiogical reactions leading
to the synthesis of cholesterol. The statins, Ibiting HMG-CoA reductase,
block the rate-limiting step in this pathway, resig in decreased cholesterol
production. Blocking cholesterol synthesis has beslreved to be the statins'
primary mechanism of action. However, a numberhaflesterol-independent
or pleiotropic effects of statins relate to thewilidy to block the synthesis of
important intermediate products.

Intermediate products in the mevalonate pathwajud isoprenoids
such as farnesylpyrophosphate and geranylgeramgpwsphate. The biologic
mechanism for most of the pleiotropic effects attisis is related to inhibition

of isoprenoid metabolism in nonhepatic cells (fig' IThe Ras family of



proteins is necessary for cellular differentiatiand proliferation, while the
Rho family is important for cytoskeleton formati@uperoxide generation, and
cell growth progressioh.Blocking these important isoprenoid intermediates
affects mitochondrial respiration, lipid peroxidati posttranslational
modifications of cellular proteins, modificationsf @ertain tRNA, and
production of glycoproteins. Therefore, blockingloé mevalonate pathway by

the statins may have significant influences on martical cellular functions.

HMG-CoA
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Figure 1. The mevatlonate pﬁiﬁu.'i_r. HMG-CoA, 3«
Iydraxyl-3-meihylgluraryl-coenzyme Az Tsopemenyl-PP, isopentenylpy-
rophosphaie; Geranyl-PP, geranylpyropbosphare; Farnesyl-PP, farnesylpy-
rophasphaie; Gevanylgeranyl-PL, geranyigeranylpyrophasphate.



ACTIONS OF STATINS

Statin therapy has been found to rapidly improveowaotor response,
enhance coronary blood flow, and reduce the legéladhesion molecules.
This is due in part to the ability of the statimsibcrease endothelial nitric
oxide production secondary to inhibition of Rho &nel resulting up-regulation
of endothelial nitric oxide synthase (eNOS). Enét#i nitric oxide synthase
Is the enzyme required for nitric oxide productidimrough another unclear
mechanism, statins up-regulate the phosphatidytimld®-kinase/Akt pathway
(P13-kinase/Akt pathway). This also activates eN@& 2). The antioxidant
effects of this group of drugs may also contribiteheir ability to improve

endothelial functiof.

Unstable atherosclerotic plaques are charactetyed lipid-rich core
and excess inflammatory cells. The release of matretalloproteases by
macrophages degrades plague matrix connectiveetisg@akening the fibrous
cap. This makes these plaques susceptible to ruftatins have been shown
to increase plaque stability by decreasing levelnetalloproteases, oxidized-

low density lipoprotein, core lipid content, machages, and by increasing the



collagen content in plague matrix. Through the hitton of Rho, lovastatin
has been shown to increase tissue plasminogenatmtiactivity while
inhibiting plasminogen activator inhibitor type-ttizity. Thus, statins exert

positive effects on the fibrinolytic profile in thescular endothelium
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Statins may exert anti-inflammatory effects by selg@athways. The
isoprenoids have been shown to activate inflammatia intracellular second
messenger systems. Two other pathways include ibig¢ke function of the
integrin lymphocyte function-associated antiger-EA-1) and action on the
phosphatidylinositol 3'-kinase/Akt signal transdoctpathway. Disruption of
these pathways may inhibit lymphocyte recirculatidrcell activation, and T-
cell migration. Other mechanisms yet to be fullpcaliated may involve
inhibition of adhesion molecules and inhibitionioferleukins 6 and 8. High
sensitivity C-reactive protein, a clinical markdrinflammation, is lower in
hypercholesterolemic patients on statin therapy.

Statins also affect gene expression. Increased ggpression of bone
morphogenetic protein-2 (BMP-2) through statin tesilted in increased bone
formation in animal studies. This drug group hasrbéemonstrated to inhibit
the expression of class Il major histocompatibibigmplex (MHC Il) genes. T-
cell activation is dependent on interactions inuvggyMHC. These findings
indicate that statins may be effective as immunautetdrs. In addition, in
vitro studies with the HMG-CoA reductase inhibitti@sve demonstrated the
suppression of natural killer cells, inhibitionafemotaxis by monocytes,
regulation of DNA in cycling cells, and the inhiloi of antibody-dependent

cellular cytotoxicity.
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Statins modify several processes in the cell cyldiey have been shown
to synchronize tumor cells by blocking the tramsitof G1-S in the cell cycle,
thereby exerting antiproliferative effects. Thighsught to be secondary to the
inhibition of geranylgeranylated proteins. The @#join of geranylgeranylated
proteins also appears to mediate statin inducegdtapis. Ras inactivation is
considered an important mechanism in the abilitgtafins to inhibit cell
signaling pathways associated with the invasiveraathstatic properties of

cancer.

PLEIOTROPIC EFFECTS OF STATINS: LIPID REDUCTION

AND BEYOND

IMPACT ON CVD

Statins have been shown in primary and secondamweptior! trials to
significantly reduce fatal and nonfatal CVD ever@ardiovascular benefits of
statins have been conventionally attributed to cddo of LDL-cholesterol.
However, subanalyses of large clinical trials ssggbat statins also have
direct cardioprotective effects. For example, in 8@DPS, the time-to-event
curves began to diverge within 6 months of initigttherapy, an effect that is

earlier than predicted from cholesterol loweringra. Clinical trials have also

11



shown larger significant CVD benefits associatethwinly minimal changes
in luminal dimensions on angiography, benefits ttetnot be explained by
simple plaqueregression . Statins also increase myocardial periuand
reduce recurrent anginal episodes after acute aoyoevents. Potential
mechanisms that may mediate these effects inclumtulation of endothelial
function, plaque stabilization, attenuated atheneges, and anti-inflammatory
and antithrombotic actidn
STATINS AND PLAQUE STABILIZATION

Most acute coronary events are due to disruption uoktable
atherosclerotic plaques, which result in thrombotclusion. These vulnerable
lesions occur in moderately stenotic vessels ardcharacterized by a lipid-
rich core and excess activated inflammatory célecrophages release matrix
metalloproteases that degrade plaque matrix comweetissue, weaken the
fibrous cap, and render them susceptible for rgpti8tatins have been shown
to decrease the levels of metalloproteases, oxddif¥. (ox-LDL), core lipid
content, and macrophages and to increase collag®ert in plaque matrix,

actions that increase plaque stabflity
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STATINS AND ENDOTHELIAL FUNCTION

Statins have beneficial effects on vascular endiotimeand many of
these effects are mediated by the inhibition of I[smmmlecular weight G-
proteins of the Ras superfamily (Ras and Rho). &lsesall molecular weight
G-proteins are involved in cell proliferation, difentiation, apoptosis,
migration, contraction, and regulation of gene $@iption. Activated Ras/Rho
proteins are key components in signal-transducingde cascades involved in
NO production and glucose metabolism. Thus, iniabibf these proteins can
critically affect various cellular processes. Thecloring of these small G-
proteins to cell membranes requires prenylatiors [Rrateins are farnesylated,
whereas Rho proteins are geranylgeranylated. S@witoteins exist in an
inactive GDP-bound cytosolic form, and upon cellulactivation they
exchange GTP and translocate to the active-memidaarre (Fig.1). Lack of
protein isoprenylation leads to cytosolic sequéstnaand loss of biological
activity. Statins, in addition to lowering cholesteby inhibiting HMG-CoA
reductase enzyme, also reduce cellular isoprenoidrmediates such as
dolichol, ubiquinone, farnesol, and geranylgeran{flig.2). Statins, by
inhibiting isoprenylation, effectively lower memioe levels and activity of

Ras/Rho proteins and thus improve vascular funttion

13



Studies in humans and animals have demonstratexidvp effect of
statins on endothelial function. Basal and stimeda¢ndothelium-dependent
forearm blood flow responses in hypercholesteratesubjects are improved in
4 wk of treatment with statins.. Simvastatin hagrbeeported to increase
endothelial NO production and improve NO-dependeasorelaxation in
different vascular beds . Chronic administratiosiofivastatin or mevastatin to
rodents up-regulates endothelial NO synthase (eN&@jession ,augments
blood flow in cerebral vessels, and reduces infaimd . These studies suggest
a direct action of the statins on NO production time endothelium.
Nevertheless, a major mechanism of action of gatinmproving endothelial-
derived vasorelaxation is through LDL-cholesterolvéring. Indeed, acute
lowering of LDL by apheresis has been shown to owpr endothelium-

dependent vasodilatation in persons with hyperdtetelemia .

14
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eNOS resides in the caveolae and produces smalir@sm@f NO on
demand in a transient fashion that is both calciand calmodulin-dependent.
In the caveolae, eNOS is bound to the caveolaeprotaveolin that inhibits
its activity. Elevations in cytoplasmic calcium prote binding of calmodulin
to eNOS that subsequently displaces caveolin,dbtigating eNOS (Fig.3). In
addition to undergoing regulatory posttranslationadifications, eNOS is
regulated by a serine-threonine kinase, Akt. Akagtivated by insulin/IGF-I
binding to endothelial and vascular smooth muschklisc (VSMCs).
Phosphorylation by Akt increases the affinity of @8l to calmodulin and
enhances the activity of eNOS. Statins activate &kdl thus increase NO
production. Statins also decrease cellular cavelemels and attenuate the
inhibition of eNOS by caveolin, resulting in inceeal NO production. In
addition to affecting posttranslational regulatamgchanisms, statins increase
eNOS transcription, stability, and protein levehege class effects of statins
contribute to improved NO-mediated vascular reliaxat
Endothelial dysfunction is a hallmark of diabetesl ansulin-resistanstates
and is characterized by reduced effective vascil@r action . Statins
ameliorate the abnormal vascular relaxatiand partially restore NO
production in the aorta of diabetigice. Hyperglycemic states bai vivo

andin vitro stimulateRho activity, which in turn activates Rho-kinassuiing

17



In increased vascular tone. The protective efféstatinson diabetic vascular
disease may be due to the suppressioRIaf kinase cascades, resulting in
increased NO production addcreased vascular tone. Statins not only increase
endotheliatell NO production but also up-regulate the indlefiorm ofNOS
(INOS) in Vascular Smooth Muscle Cells. INOS is egsed after vascular
injury, and induction of INOS in these states may be beiagfin preventing

restenosis.
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Statins also modulate the release and action obceastrictors
(e.g. endothelin and angiotensin 1l). Clinical studieshow that
hypercholesterolemic men have exaggerated hypareamsponses to infused
angiotensin Il, and this response is reversestdityns . In a study using double
transgenic rat model harborinpe human renin and angiotensin genes,
cervistatin improvedurvival, decreased blood pressure, and reducetlacar
hypertrophy. Statins also have a direct effect on endotheli(ET-1)
production (Fig.3). These agents reduce, in a dmsétime-dependefdshion,
the expression of ET-1 in endothelial cells. Traductionis maintained even
in the presence of ox-LDL. Because ETisla powerful vasoconstrictor,
decreasing ET-1 levels potentiallgduces vascular resistance and improves

blood flow in coronarnand systemic vascular beds.

THE ANTI-INFLAMMATORY ACTIONS OF STATINS

The vascular inflammatory response is a complexgs® thateads to
thrombus formation, angiogenesis, neointimal thickg, and atherosclerosis
(4). Markers of inflammation such as C-reactp®tein, IL-6, TNF-, and
monocyte-chemotactic protein-1 (MCP-have, in varying degrees, been
proposed as CVD risk factors. Recent evidence atdgcthat statins decrease

C-reactiveprotein levels in just 6 wk of treatment, indepemdef LDL

20



cholesterol reduction, and suggests that statinssgss anti-inflammatory
actions.

Augmented expression of adhesion molecules on Bks
(e.g. CD11b) and endothelial celle.g. P-selectin, intracellulandhesion
molecule, ICAM-1) is necessary and critical in #aly vascular response to
injury. Cytokines, in addition toenhancing cellular adhesion, promote
chemotaxis and stimulatescular proliferation. Statins affect many of #hes
eventdn the inflammatory cascade by inhibiting receplependenactivation
of signal-transducing cascades. In a rat modetarbnary inflammation,
pravastatin reduces MCP-1 expressioanocyte infiltration, and proliferation.
Simvastatin reducekukocyte rolling, adherence, and transmigrationain
rodentmodel of NO deficiency and attenuates endothebiflegsion molecule
and monocyte CD11b expression in the absence af liqpvering (Fig.4).
Statin therapy reduced the levels of soluBlselectin in patients with acute
coronary syndromes. lanother rat model associated with elevated serum
levels of TNF-and IL-113, cerivastatin has been shown to reduaerdevels
of these markers and improve survival rate. Statts mediate the
suppression of cytokine and adhesion moleenf@ession by reducing NE&

activity in inflammatory and vasculaells. These observations underlie the

21



importance of statingn attenuating the inflammatory process and the
consequent impaon CVD risk reductiofi

STATINS AND OXIDATIVE STRESS

Oxidative stress is a result of altered balance the relative
concentrations of oxidants and antioxidants. Ox-LIM deleteriousto
endothelial and Vascular Smooth Muscle Cells. Hivates macrophages,
inducesrelease of various cytokines, and increases enligtla@hesiveness
resulting in vascular injury and inflammation. $tatas poterdntioxidants and
antiatherosclerotic agents are attractive therapeaftions for preserving
normal vascular function and blood flol.several human and animal studies,
various statins have beshown to: 1) inhibit the uptake and generation)ef o
LDL? 2) attenuate vascular and endothelial superoxidenaformationby
inhibition of NADH oxidases via Rho-dependent metdkms; and 3) preserve
the relative levels of vitamin Ejtamin C, and endogenous antioxidants such
as ubiquinone anglutatione in LDL particles Thus, statins nainly decrease
oxidants but also restore antioxidants, thengbssibly reducing the level of
oxidative stress in the vascutailieu, which may explain some of the observed

clinical beneficiakffects.
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STATINS AND THROMBOSIS

Different statins have varying effects on prothrombotic fesstsuchas
tissue factor, tissue factor pathway inhibitor,telet aggregation, blood and
plasma viscosity, fibrinogen, plasminogactivator inhibitor 1 (PAI-1), and
lipoprotein (aj. Cellularexpression of tissue factor in human macrophages is
suppressedy lipophilic statins. Statins normalize thrombiengrationin
hypercholesterolemic patients and reduce platedgregation.Furthermore,
decreases in platelet aggregation after starapy may be partially related to
relative reductions in theholesterol to phospholipid content in the platelet
membrane
STATINS AND VASCULOGENESIS

Statins, in addition to modulating endothelial amadculafunction, may
mediate neovascularization (vasculogenesis)calfidctively contribute to the
reduction in recurrent CVD event$ncreased vasculogenesis has been
demonstrated in rabbits treateith simvastatin via the activation of vascular
Akt®. Statinsmobilize endothelial progenitor cells (EPCs) frotre tbone
marrowthat play a role in maintenance vasculogenesigeasedEPCs are
seen immediately after a coronary event and line endothelium of
myocardial vessels. Indeed, statin thengpgssociated with enhanced EPCs in

patients with coronary artedjseasé
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STATINS AND KIDNEYS

Statins have been shown to attenuate renal injubothin vivo andin
vitro studies. Renal injury initiates inflammatargscades that involve similar
cellular events as seen in vasculasue. Statins inhibit key events in this
process that altehe progression of renal injury. In hyperglycemnsulin-
deficient diabetic rats, pravastatin ameliorates the strattand functional
changes of diabetic nephropathyStatindave been demonstrated to decrease
TGF-3 productionand suppress the enhanced Ras-dependent activation
MAPK cascadéFig.4). In another model of renajury due to overexpression
of Ang Il, cerivastatin decreasaystolic blood pressure, albuminuria, and
cortical necrosis. These changes were associatddreduced infiltratiorof
inflammatory cells, diminished expression of adbesmoleculesand lower
levels of transcription factor (NB) activity (Fig.4). In rats with
glomerulonephritis, simvastatin decreased mesargghl proliferation and
monocyte/macrophage infiltration.

Statins have been shown to inhibit the prolifemtactionf platelet-
derived growth factor and TGF-Rytokines released during renal injury
activate NF-B and growth-regulatipgthways in mesangial and tubular cells.
Statins both decreasiee levels of cytokines and inhibit the NF-B-depemd

geneactivation, such as MCP-1 and IL-6. In humanatirs$ alsadecrease

24



urinary albumin excretion in patients with nephcstyndrome and in patients
with type Il diabetes Thus, statinsnodulate glomerular mesangial and
interstitial inflammatoryrocess independent of lipid reduction.
STATINS AND GLUCOSE METABOLISM

A retrospective analysis of the WOSCOPS examiniregdevelopment
of new diabetes mellitus revealed that pravastigmapy reducethe risk of
developing diabetes by 30%. This prevention in dheet of diabetes was
associated with significant reductiam triglyceride levels, but upon further
analyses the reduction triglycerides did not account for the effectstétins
onthe development of diabetés

Statins mayaffect substrate delivery to insulin-sensitive uss or
modulateinsulin-activated signaling cascades that medidteoge uptake.
Insulin increases skeletal muscle perfusion andtsate deliverypy enhancing
eNOS activity. As described previously, statiso increase eNOS expression,
which may result in increasezhpillary recruitment and glucose disposal .
Insulin activatesa series of kinase cascades that involve PI3K akt A
resultingin the translocation of glucose transporters td oembraneand
enhanced glucose uptake. This cascade is inhibitedirculating cytokines

(TNF- and IL-6).
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Statins, likeinsulin, activate PISK and Akt, which may play deron
glucoseuptake. Statins, in addition to decreasing cytokewels,also inhibit
the cellular cascades such as Rho-kinase thatvasethe insulin receptor and
signaling. NO is a potential intermediatyecause it has been shown to
stimulate skeletal muscle glucagstake .

There is also evidence that statin mediated effectsfatty acid
metabolism influence glucose metabolism. The pemxre proliferator
activator protein receptors are known to knowneamjor regulators of intra
and extracellular fatty acid metabolism, especi®dlRAR alpha (5). PPARs
belong to the superfamily of nuclear receptors the¢ ligand activated
transcription factors.

There is preliminary evidence that PPAR alpha atitivn would also
result in improved insulin sensitivity. A possibi@echanism for this PPAR
alpha activation is the statin induced inhibitidrRiho, which results in PPAR
alpha activation. This raises the possibility thttrvastatin positively affects
insulin sensitivity and help to prevent transitidom impaired glucose
tolerance to manifest type 2 diabetes.

Inflammatory markers linked with insulin resistanseassociated with
the development with type 2 diabetes in adults. Texhanism by which

inflammation leads to glucose intolerance and dedes not known, but
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proinflammatory cytokines may affect insulin reaapdr impair insulin action

and secretion(11).

In the WOSCOPS study ,pravastatin was found to ymed30%

reduction in the risk of diabetes.The possible gobé pravastatin in the

development of diabetes are

1.

The triglyceride lowering effect of pravastatiould reduce the
risk of developing insulin resistance. But othepidi lowering
agents do not appear to improve insulin resistance.
Pravastatin has been shown to reduce levelstefleukin 6 and
TNF —a through its anti - inflammatory effects. $he cytokines
are known to inhibit lipoprotein lipase activity cario stimulate
lipolysis in adipose tissue . Pravastatin may togeeinterrupt the
progression from central obesity to insulin resiseamediated by
adipose tissue — derived cytokines.

Impaired endothelial function has been showrtdoelate with
insulin resistance. Pravastatin, by restoring emel@l function,

may beneficially affect glucose and insulin transpo
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STATINS AND CHOLESTEROL

Insulin resistance and type 2 diabetes are assdciatith high
triglyceride and low HDL-cholesterol levels. Incsea synthesis of VLDL
particles in the liver has been proposed the manse of increased
concentrations of triglyceride-rich lipoproteinshi3 overproduction of VLDL
and triglycerides in the liver has been proposededariven by high levels of
serum free fatty acids in patients with insulinisence.

Insulin resistance could explain the increase iolesterol synthesis in
patients with obesity and type 2 diab&tdsis hypotheses is supported by the
finding that in subjects with normal glucose totere, high glucose is linked to
increased cholesterol synthesis. Increased chobdéssynthesis is always
accompanied by low rates of cholesterol absorptidherefore insulin
resistance is associated with high cholesterol h®gi¢ and cholesterol
absorption. Because fasting insulin correlated watolesterol synthesis
independent of the rates of BMI and whole body ghgcuptake, it is possible
that regulation of cholesterol synthesis by hyparimemia may be a link
between insulin resistance and cholesterol metstioli

Various studies have shown that insulin sensitiaffgct of statins may

be linked to their triglyceride lowering effect.
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STATINS AND BONE REMODELING

Statins were also shown to stimulate bone formaitiogeveral studies.
In vitro, statins increase the number of osteoblaatl the amount of new bone
formation in mouse skull bones. Similar effects evafso seen in vivo when
simvastatin or lovastatin was injected subcutangooer the skull bone of
mice. Furthermore, oral administration of simvastato rats increased
trabecular bone volume and the rate of new bonmdbon. These findings
were confirmed by further studies; for examplensd@dermal lovastatin and
cerivastatin were shown to increase bone massients at doses similar to the
dose used in humapins in the treatment of hypeesi@iolemia .All of these
findings illustrate positive effects of statins lbone remodeling in the form of

inhibition of bone resorption and stimulation ofecformation.
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MATERIAL AND METHODS

SELECTION OF VOLUNTEERS

The study deals with the effect of Atorvastatin iosulin sensitivity
conducted at Hypertension outpatient departmeniGoffernment Stanley
Medical College Hospital, Chennai. Ethical approvat the study was
obtained from the institutional ethical review bdar Ninety patients are
screened for the study from a random populatiohldf hypertensive patients
receiving atenolol as anti-hypertensive drug, bsamdom selection process,
from which 68 patients are considered based onematcompliance,
intelligence to understand dietary prescriptiond dinections and whether free
from any other disease on initial medical testiNgritten consent for the study
as per protocol is obtained.

The patients were randomized into two groups, op&dents each, by a
random selection process. The experimental groupsisting of 34
dyslipidaemic and hypertensive patients receivitggvastatin 10mg/day and
atenolol 50 mg/day at the Hypertension OPD at Gdahley Medical College
Hospital are chosen as volunteers and are compatiedanother group of 34
hypertensive patients receiving atenolol 50 mgfialy. Uniform diet pattern

Is prescribed to all of them.
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INCLUSION CRITERIA

Dyslipidaemia, Hypertension, Age 40 to 50 years; maxeiving any
drugs other than mentioned above, not sufferinghfamy other diseases.
EXCLUSION CRITERIA

Those patients not satisfying the inclusion créenie excluded.
CLINICAL CHARACTERS OF VOLUNTEERS

Clinically, both the groups show no abnormalityhestthan hypertension
in both groups, along with dyslipidaemia in the esimental group.
DATA COLLECTION

Height, Weight, BMI and blood pressure measuremest® done and
other information collected with the help of predesd questionnaire.
BIOCHEMICAL PARAMETERS

Fasting blood sugar, fasting insulin, fasting ligpcofile (cholesterol,
triglyceride, HDL, LDL) were done by the standardthods.

Other parameters like liver function tests (LFDOtat leukocyte count
(TLC), differential leukocyte count (DLC), haemobio (Hb), urea, creatinine,
total proteins, serum electrolytes, urine tesesteb-cardiograph (ECG), X-ray

of chest, etc. are almost identical and withinrnmarrange in both the groups.
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COLLECTION OF BLOOD SAMPLES

Twelve hours fasting values are taken initially atdnonthly intervals
for 1 year.
ASSESSMENT OF INSULIN SENSITIVITY

Insulin sensitivity was assessed by calculating Elostasis model
assessment (HOMA —IR) as follows :

Fasting Insulin p/ml x Fasting Glucose mgld

22.5
STATISTICAL METHODS
The statistical analysis is done based on pairest{-and p-value is

calculated using paired t-statistic.

33



RESULTS AND OBSERVATIONS

Table — 1 shows the anthropometric and biochenulalacteristics of
the subject in the control and Atorvastin treatezligs at the start of the study.
The proportion of the male & female in both the up® was similar.
Proportion of subjects having positive family histeof diabetes and blood
pressure in both the groups were also similar.

It is found that in the group receiving atenololdaatorvastatin
(experimental group), TC is reduced from initialues of 280 +/- 20 mg/dl to
202 +/- 12 mg/dl (p = 0.05). HDLC is increaseanfr45 +/-10 mg/dl to 52 +/-
12 mg/dl (p = 0.04). LDLC reduced from 180 +/-20/digo 148 +/-12 mg/dl
(p = 0.05). VLDLC, Triglycerides values remain abheame, and changes are
statistically insignificant. FBS values changednirmitial 106 +/- 6 mg/dl to
88 +/-4 mg/dl (p = 0.04).

In the control group receiving atenolol only, itobserved that TC is
from initial values of 140 +/-20 mg/dl to 112+/-&rdl. HDLC changes from
40 +/-10 mg/dl to 44 +/-9 mg/dl. LDLC changes frdm0 +/-30 mg/dl to 95
+/-13 mg/dl. VLDLC, TG and FBS values remain almeame, and all the
value changes are statistically insignificant. Batlshows serum insulin and

homeostasis model assessment of insulin resis@O&A 2-IR) values of
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different groups, in order to determine insulin g#wity. It was observed that
in the experimental group, serum insulin valueiaflit is 20 +/-5 microU/ml
and finally is 18 +/-3 microU/ml (p = 0.03), and tine control group, serum
insulin value initially is 18 +/-5 microU/ml andnally is 31 +/-2 microU/ml.
HOMA 2 values (insulin resistance or IR) of the tgrmups of patients show
that in the experimental group it was 4.3 +/-0.5noU/ml initially and 4.3 +/-

0.3 microU/ml finally, showing increase in insuBensitivity by atorvastatin.
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Table 1: Anthropometrical, Clinical and Biochemical chaacters of

volunteers

Eéffdgnﬁggl Control Group (34)

Age 45 + 4 43 +3
Males 21 21
Females 13 13
BMI 27.3+12 27.5+2.1
SBP 154 +£ 16 146 + 24
DBP 100+ 12 94 +8
T. Cholesterol 280 = 20 140 £ 20
LDL 180 £ 20 110+ 20
HDL 45 + 10 40 £ 10
VLDL 405 35+15
TGL 220 + 20 120 £ 20
FBS 106 £ 6 96 + 6
Fasting Insulin 205 185
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Table 2:

Values of Blood parameters of Experimental Gyup

0 mon 1 mon 2 mon 3 mon 4 mon 5 mon 6 mon 7 mon &m 9 mon 10 mon 11mon 12 mon
T.
cholesterol| 2.80+20| 276+18 270+1p 260+015 62516 | 248+18| 240+16 234+12 226+[11 218+1312+12| 208+10] 202+12
HDL 45+ 10 45+ 12 46 £ 12 46 + 13 47 £ 12 48+1p6 48+8 49+11| 50+14 50 + 1( 51+13 51+11 52
LDL 180 £ 20 178 £18 17+£12 172+11 172 +1p 1638 166+10| 164+8 160+12 1608 158+[10 2313 148 £ 12
VLDL 40+5 40+3 40+2 39+6 395 39+6 3%+ 39+4 39+2 39+4 39+3 39+4 39 + 3
TGL 220+20 | 218+18| 218+16 214+10 214+8 218 212+10| 210+1]1 210+12 206+p 214+8 2B | 212+6
FBS 106 + 6 106 +5 105+3] 1034 103+8 101 +)4 98+5 98+ 6 96 +5 93+4 92+5 90 + 3 88+4
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Table 3: Values of Blood parameters @ontrol Group

0 mon 1 mon 2 mon 3 mon 4 mon 5 mon 6 mon 7 mon &m 9 mon 10 mon| 11 mon 12 mon
T. cholesterol | 140 +20| 138+8| 13616 134+15 132+{5 13®Bx(1 128+8 125 + 10 123+ 8 120 + 1P 117 46 115+ 612 +18
HDL 40 +10 40+8 41+9 41 +7 41 +5 42 + 4§ 42+7 247 42 +6 43 +8 43+9 43 + § 44 + 9
LDL 110+30| 110+12 108+1 108+16 108+14 10®@+| 106+13| 106+13 102+1f1 100+18 98+[6 9ADH 95+13
VLDL 35+ 15 35+9 35+8 35+7 35+8 35+10 35+10 35+8 35+12 35+14 35+11 35+6 35+

116 +

TGL 120+20| 120+11 120+8 119+12 120+[14 11&+[1 119+8 116 + 15 118 + 8 118+ 11 110+[12 12 116 + 13
FBS 96 + 10 96 + 8 94 + 6 94 +5 92 +8 94 + § 94+%5 2496 92+9 92 +8 96 +7 94 + § 94 + 6
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Table 4: Showing serum insulin and HOMA-IR 2 valueof Different group

Homeostasis model

S'. 'U?“"” S. insulin assessment of insulin HOMA - 2 IR end
initial )
end value resistance 2-IR value
value =
(initial value)
Exp Group 205 18+3 4.3+0.5 3.7+04
Control Group 18+5 18+5 43+0.3 43+0.2
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Comparison of different variables between experimeial groups and Control Groups

mg/dl

Cholesterol

Comparison of Total Cholesterol between

Experimental and Control groups on O month

300

250 ~

200

150 -

100 -

50 -

B Experimental
| Control

Variables

mg/dl

Cholesterol

250

200

150

100

50

Comparison of Cholesterol between
Experimental and Control groups on 1 year

O Experimental
W Control

Variables
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LDLC mg/dl

Comparison of LDLC between Experimental and

200

180

160

140

120

100

80

60

40

20

Control groups on 0 month

Variables

B Experimental
W Control

LDLC mg/dl

Comparison of LDLC between Experimental and

54

52

50

48

46

44

42

40

Control groups on 1 year

O Experimental
E Control

Variables
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HDLC mg/dl

Comparison of HDLC between Experimental and

46

45

44

43

42

41

40

39
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Control groups on 0 month

Variables

m Experimental

| Control
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Comparison of HDLC between Experimental and

160

140

120

100

80

60

40
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Control groups on 1 year

Variables

0O Experimental
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VLDLC mg/dl

41

40

39

38

37
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32

Comparison of VLDLC between Experimental

and Control groups on 0 month

B Experimental
| Control

Variables

VLDLC mg/dl

40

39

38

i

36

35
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38

Comparison of VLDLC between Experimental

and Control groups on 1 year

O Experimental
m Control

Variables
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TGL mg/dl

Comparison of TGL between Experimental and

250

Control groups on 0 month

200 -

150 A

100 A

50 -

@ Experimental
| Control

Variables

TGL mg/dl

Comparison of TGL between Experimental and

250

Control groups on 1 year

200 +

150 -

100

50 -

O Experimental
H Control

Variables
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FBS mg/dl

Comparison of FBS between Experimental and

Control groups on 0 month

108

106 ~

104

102 ~

100 ~

98

96

94

92

90 -

Variables

B Experimental
| Control

FBS mg/dl

Comparison of FBS between Experimental and

90.5

90

89.5

89

88.5

88

87.5

87

Control groups on 1 year

Variables

O Experimental
m Control
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mg/dl

Insulin

Comparison of Insulin between Experimental

20.5

and Control groups on 0 month

20 A

19.5 A

19 +

18.5 4

18 A

175 4

17 -

| Experimental
| Control

Variables

mg/dl

Insulin

Comparison of Insulin between Experimental

20

and Control groups on 1 year

18 A

16 A

14

12

10

O Experimental

W Control

Variables
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DISCUSSION

The study shows that atorvastatin increases inseinsitivity in normal
subjects. Compared with placebo, treatment witlrvagiatin (10 mg/day)
resulted in significant reduction in the HOMA inddr addition, significant
reductions in total and LDL cholesterol concentnasi were observed in the
atorvastatin group. It thus corroborates previaugifgs that though uncertain,
statin therapy can affect insulin resistance symex(.

Insulin Resistance refers to the reduction in imsuhediated glucose
uptake in insulin sensitive tissues, specificaliythe skeletal muscles. As a
compensatory response, hyperinsulinemia ensuresatotain normal blood
glucose levels. In epidemiological studies, fagtimsulin level is commonly
used as a surrogate marker of insulin resistahce.

In normoglycemic subjects, fasting insulin correthtwell with whole
body glucose uptake. Although fasting insulin igemsonable measure of
insulin resistance, it is potentially confounded fgriability in insulin
secretion. Thus the indexes derived from fastirggiin and glucose, such as
Homeostasis Model Assessment (HOMA), the Quantgainsulin Sensitivity
Check Index (QUICKI), and the Insulin Sensitivitydex (ISI) developed by
Gutt and coworkers, have been more widely usedsess insulin resistance in

clinical and population based studies.
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Although the role of insulin resistance in the pathysiology of type 2
diabetes mellitus is well accepted, the relationdletween insulin resistance
and blood pressure remains controversial. Nedilyears ago, Welborn and
colleagues observed that non diabetic patients @giential hypertension had
significantly higher plasma insulin concentratiottean did normotensive
individuals.

Statins are the more effective LDL — cholesteretdaong drugs by
about 25% to 60%. In addition, they also increagd tdholesterol by about
5% to 10% and decrease triglycerides by about 10%086. The effect on
triglycerides is proportional to the decrease inLtéholesterol. Pre diabetes
and type 2 diabetes are characterized with loweynaflammation. Aggressive
lowering of LDL-cholesterol by atorvastatin decreafisCRP by 42% vs 9.6%
with placebo. Several studies have proved that k&duction by statins is
associated with improved endothelial function due e¢nhanced NO
release.Besides these actions ,the reductionkrofisevelopment of diabetes

is due to improved insulin sensitivity by statffs.
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Okyima et. al suggest that statins could have swonpact on insulin
action, and, to estimate the direct effects ofirstabn insulin secretion from
pancreatic beta cells, MING cells were treated \pithvastatin, simvastatin or
atorvastatin. Basal insulin secretion at low gl#&cosoncentration was
unexpectedly increased at very high doses of sitatiasor atorvastatin after
24 and 48 hours of incubation, though insulin semame was apparently
decreased by these lipophilic statifis.

Yoshitomi et al. assessed the relationship betWwlReand the changes of
lipid profile in patients with hyperlipidaemia ttea by atorvastatin. The IR did
not affect the degree of reduction in cholesteyohtorvastatin in non-diabetic
subjects. The IR may influence hypertriglyceridagignieater than the effect of
atorvastatin in non-diabetic subjeéis.

It has been suggested that HMG Co-A reductase itohsb(‘statins’)
may reduce the risk of developing type 2 Diabetedliims. Yee et al.
designed to evaluate whether use of statins wolglol @elay progression to
insulin therapy. After multivariate adjustment, lewer, statin use was
associated with a 10-month delay before newly ékdiabetic subjects needed

to start insulin treatment.
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Poalisso G et al. observed that statins administratas associated with
an improvement of insulin resistance and declinepiasma triglyceride
concentrations.

This study suggest that statins increase insulimsigeity even in

normoglycemic patients.
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CONCLUSION

Statins improve insulin sensitivity even in nogtycemics and
prevent the progression of IGT to type 2 diabetes.

Statins reduce levels of interleukin 6 and TNifotgh its anti-

inflammatory activity. These cytokines inhibit diprotein lipase

activity and to stimulate lipolysis in adipose tiss Atorvastatin may
therefore interrupt the progression from centraésity to insulin

resistance mediated by the adipose tissue derixtedtines.

Impaired endothelial function has been showsotoelate with insulin

resistance. Atorvastatin by restoring endotheliahction, may

beneficially affect glucose and insulin transport.

Since statins are used for the treatment of foyymdesterolemia in
clinical practice, it is important to know theirfeft on insulin

sensitivity. If further studies confirm the obsation that statins
improve insulin sensitivity and reduce the onsdlypt 2 diabetes, the
perceived benefit of cardiovascular interventiorlinical trials could

be greatly increased and the long term cost-beaafitysis of those
interventions may be more positive than previousdiss have

estimated.
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PROFORMA

Data collected from the participants
Name : Age : Sex : Occupation :
Address : Weight

BMI

SBP

DBP

Hb

TC

DC

Urea

Creatinine

Electrolytes

LFT

T.Proteins

Urine analysis

ECG

X-ray chest

T.Cholesterol

LDL-C(mg/dl)

HDL-C(mg/dl)

VLDL-C(mg/dl)

TGL(mg/dl)

FBS

S.Insulin
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MASTER CHART - EXPERIMENTAL GROUP

S.No Name Age/Sex| BMI SBP/DBP |T.cholesterol| LDLC | HDLC | VLDLC | TGL FBS | S.insulin
mmhg mg/dl mg/dl | mg/dl | mg/dl |mg/dl|mg/dl| uU/ml
1 |Munusamy 48 / m | 26 156 / 100 282 194 48 42 210 105 21
2 (Muthu 45 / m | 25 160 / 90 285 202 42 46 215 109 20
3 |Krishnan 46 / m | 23 150 / 110 274 203 41 50 200 98 21
4 |Pasupathy 49 /m | 24 160 / 100 281 196 39 48 216 102 19
5 |Moorthy 46 [ m | 27 152 / 90 292 194 49 38 215 108 19
6 |Benjamin 46 / m | 26 162 / 100 271 188 45 44 220 110 20
7 |(Murugesan 49 / m| 26 156 / 90 282 192 44 40 202 98 18
8 |James Raja 48 / m | 24 160 / 100 275 201 40 46 216 108 22
9 |Kalimuthu 45 / m | 23 162 / 98 282 192 42 38 218 102 21
10 (Ganesan 44 /[ m| 26 166 / 92 268 206 48 36 226 95 19
11 (Subbiah 49 /m | 24 154 / 90 272 188 42 46 208 97 20
12 (Karupiah 45 /m | 24 152 / 94 284 202 51 48 220 101 18
13 [(Rajendran 46 [ m | 23 160 / 90 268 196 41 52 211 110 19
14 |Kuppusamy 49 /m| 25 156 / 96 288 188 42 56 210 106 21
15 [Ramachandran 48 /m | 20 162 / 96 288 192 48 42 206 98 20
16 |(Lakshmi 49 /| F 24 150 / 90 276 182 47 38 210 92 21
17 (Kamalammal 49 /| F 24 154 / 90 276 196 46 48 217 102 20




S.No. Name Age/Sex| BMI SBP/DBP |T.cholesterol| LDLC | HDLC | VLDLC | TGL | FBS | S.insulin
mmhg mg/dl mg/dl | mg/dl | mg/dl |mg/dl|mg/dl| uU/ml
18 |Vijaya 46 /| F 26 160 / 90 280 201 48 52 210 105 21
19 (Saroja 47 | F 21 154 / 96 296 190 48 48 216 109 20
20 (Vasanthi 49 /| F 24 160 / 100 274 188 46 38 198 108 21
21 [Rajeswari 48 /| F 24 150 / 110 278 196 49 36 202 102 19
22 (Pushpa 45 /| F 26 152 / 100 281 195 52 38 196 108 19
23 |Jaya 44 | F 23 156 / 90 284 199 51 44 192 110 20
24 |Dayalan 46 /[ m | 24 162 / 110 278 192 46 46 204 102 18
25 [(Egambaram 48 /m | 25 158 / 74 276 204 48 42 201 108 22
26 (Munirajan 46 / m | 27 164 / 90 284 203 46 42 197 92 21
27 |Saraswathy 49 /| F 24 162 / 98 288 205 45 38 192 95 19
28 [(Rajakumari 44 | F 24 160 / 100 292 198 49 40 195 99 20
29 |(Arockiyam 47 /| m | 26 160 / 90 282 196 46 46 204 101 21
30 (Joseph 44 /[ m | 27 164 / 94 272 204 47 50 203 116 20
31 [Mariammal 49 /| F 24 150 / 92 278 196 45 48 201 106 19
32 |Saritha 47 | F 23 156 / 94 274 194 49 46 195 108 18
33 [Govindan 44 / m| 25 158 / 92 278 191 48 40 197 102 20
34 |[Rajathi 48 /| F 23 160 / 90 282 192 42 42 191 102 21




MASTER CHART- CONTROL GROUP

S.No. Name Age/Sex | BMI SBP/DBP T.cholesterol| LDLC | HDLC| VLDLC | TGL FBS |S.insulin
mmhg mg/dl mg/dl {mg/dl| mg/dl | mg/dl| mg/dl| pU/ml
1 |Lakshmi 44 | F 24 160 / 90 132 107 41 49 108 110 20
2 |Mani 46 / m 26 154 / 90 121 111 36 52 112 98 16
3 |Jayaraman 46 / m 25 160 / 100 112 108 42 51 123 85 15
4 |Baskaran 45 / m 24 170 / 90 128 112 42 48 111 94 17
5 |Kasi 44 / m 25 160 / 90 126 98 51 46 124 104 18
6 |Pitchai 45 / m 24 170 / 110 132 100 54 45 112 106 17
7 |Manickam 45 / m 24 150 / 100 127 102 48 49 119 98 19
8 |Rathnam 46 / m 25 152 / 98 122 92 46 40 118 96 20
9 |Jaya 44 /| F 22 156 / 92 128 96 45 46 112 102 14
10 |Nagammal 46 /| F 23 158 / 94 112 98 49 50 108 104 16
11 |Kuppusamy 46 / m 26 152 / 96 124 95 47 58 110 92 18
12 |Sivaraman 45 / m 24 162 / 90 121 94 48 52 106 88 17
13 [Surnammal 46 /| F 21 152 / 100 120 98 45 54 110 94 19
14 |Ranganayaki 47 | F 21 156 / 98 136 102 46 58 108 96 16
15 |Vijayalakshmi 43 / F 22 162 / 100 120 106 48 48 112 98 17
16 |Parvathi 46 /| F 21 158 / 98 128 101 47 51 104 89 18
17 |Sarasvathy 45 / F 21 156 / 102 132 88 48 42 116 98 18




S.No. Name Age/Sex | BMI SBP/DBP |T.cholesterol| LDLC | HDLC| VLDLC | TGL | FBS |S.insulin
mmhg mg/dl mg/dl {mg/dl| mg/dl | mg/dl| mg/dl| pU/ml

18 |Laksmanan 46 / m 24 162 / 98 128 89 42 46 119 102 19
19 |Jyothi 44 | F 22 154 / 98 136 92 41 50 108 96 17
20 |Madhavan 45 / m 24 164 / 100 122 78 39 48 106 104 20
21 |Rathnammal 46 /| F 23 168 / 100 112 79 49 38 105 94 18
22 (Subramanian 45 / m 21 170 / 100 108 92 45 44 116 88 16
23 |Vinayagamurthy| 46 / m 24 160 / 98 118 91 44 40 118 95 20
24 ([Ragavan 47 [ m 23 150 / 90 126 94 40 46 112 94 19
25 |Sankaran 44 [/ m 22 152 / 96 114 88 42 38 106 88 18
26 |Chandra 44 | F 21 156 / 100 122 97 48 54 119 96 19
27 |Indra 46 /| F 22 160 / 90 130 102 47 49 121 98 19
28 |(Krishnamurthy 46 / m 24 154 / 100 126 88 51 48 118 20 17
29 [(Pushpa 45 / m 22 152 / 90 118 86 41 52 112 98 15
30 (Shanmugam 45 / F 23 162 / 100 128 88 42 38 116 102 20
31 (Shekar 46 / m 22 156 / 100 124 92 48 42 115 94 16
32 |Arumugam 45 / m 21 152 / 98 128 94 47 48 109 98 18
33 |Vel Murugan 46 / m 22 160 / 100 119 93 26 36 112 98 19
34 |Ganesan 47 [ m 23 162 / 98 122 95 42 44 115 88 18

BMI - Body Mass Index LDLC - Low Density Lipoprotein Cholesterol

SBP - Systolic Blood Pressure HDLC - High Density Lipoprotein Cholesterol

DBP - Diastolic Blood Pressure VLDLC - Very Low Density Lipoprotein Cholesterol

TGL - Triglycerides FBS - Fasting Blood Sugar




Table 1:

Anthropometrical, Clinical and Biochemical

characters of volunteers

Experimental Group Control Group
(34) (34)

Age 45t 4 43 + 3
Males 31 31
Females 13 13
BMI 27.3+12 27.5+2.1
SBP 154 + 16 146 + 24
DBP 100 + 12 94 +8
T. Cholesterol 280 + 20 140 + 20
LDL 180 + 20 110 + 20
HDL 45 + 10 40+ 10
VLDL 40+ 5 35+ 15
TGL 220 + 20 120 + 20
FBS 106 + 6 96 + 6
Fasting Insulin 205 18+5




Table 2: Values of Blood parameters of Experimental Group
Omon 1 mon 2mon 3mon 4mon 5mon 6mon 7mon 8mon 9mon 10 mon 11mon
T.cholesterol | 2.80+20[ 276 +18 270+ 16 260+ 15 256 +|16 248 + 18 246| 234 +12 226+ 11 218+ 13 212+]12 208 4
HDL 45+10| 45+12| 46+194. 46+1B 47+12 48+[16 4848 +49 | 50+14] 50+1Q0 51 13 51 + 1
LDL 180+20| 178+18 17+1P 172+11 172 +(12 168+ 18 #46| 164 +8| 160+ 1P 160+ 158 +10 152 4
VLDL 40+5 40+ 3 40+ 2 39+6 39 +4 39+p 39 £|5 39+4 3P| 39+4 39+3 39+4
TGL 220+20| 218+18 218+ 16 214+10 21448 2168 21DE210+11 210+ 12 206 + 204 +B 204 4
FBS 106 £ 6 106 +5| 1053 1034 1033 101+4 985 =+ | 965 93+4 92 +5 90 + 3
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12mon

202 £ 12

52+12

148 + 12

39+3

202 + 6

88 + 4




Table 3: Values of Blood parameters of Control Group

Omon 1mon 2mon 3mon 4mon 5mon 6mon 7mon 8mon 9mon | 10 mon | 11mon | 12mon

T.cholesterol [140+2(Q 138+8 136+ 16 134+ 15 132 +|15 1304£16 #4338 125+1(Q 123+§ 120+12 117 %6 11546 112 4 1€

HDL 40+10| 40+8| 419 414 41+% 426 427 4247 2| 43+8| 43+9| 43+8 449
LDL 110+ 30 110+1P 108+ 18 108 +[16 108 H14 106 12 #0G| 106 +13 102 +11 100+ 18 98+ 16 97 |10 95413
VLDL 35+15| 35+9] 35+8 35+ 358 35+10 35+[10 35%85+12| 35+14 35+1] 35+ 35*8
TGL 120+2Q0 120+1] 120+8 119+[2 120+14 118412 489 116+15 118+§ 118+ 11 110+[12 116 H12 116 1 1

FBS 96+10| 96+8| 94+6] 943 928 948 94+5 9246 2| 88+8| 90x7| 90%8 90 *4




Table 4: Showing serum insulin and HOMA-IR 2 values of different group
Homeostasis model
S. insulin |S. insulin end| assessment of insulin| HOMA - 2 IR end
initial value value resistance 2-IR value
(initial value)
Exp Group 205 18+ 3 4.3 £ 0.5 3.7+ 0.4
Control Group 185 18+5 4.3 +0.3 4.3 £ 0.2




