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INTRODUCTION 


Metabolic Syndrome  can be defined asa group of  conditions  that 
 involves  obesity,  glucose  intolerance,  insulin  resistance,  hypertension, 
 hypertriglyceridemia.It  affects  large  quantity  of  population  which  have 
 become a health issue world wide. 


The  incidence  of  MetS  and  mortality  due  to  MetS  is  on  the 
increasing  trends because of  complications.The  increasing  incidences of 
hospitalisation,  mortality  and  morbidity  is  seen  among  the  Indian 
population.The  most  important  pathophysiology  of  the  syndrome    have 
been  the  insulin  resistance  and    the  elevated  blood  pressure  is  the  most 
prevalent component among them.Very early diagnosis and treatment of 
MetS  is  given  the  utmost  importance,  because  of  cerebrovascular  and 
cardiovascular  complications.The  metabolic  and  vascular  complications 
can be prevented  by early diagnosis.According to The New International 
Diabetic  Federation  diagnostic  criteria  the  diagnosis  of  MetS 
wasmade.Carotid  artery  atherosclerosis  is  a  progressive  disease,  with 
increased  carotid  intima  media  thickness  being  the  most  important 
complication.The  incidence  of  ischemic  stroke  ,  chronic  renal  disease, 
Coronary  artery  disease  is  associated  with  increased  CIMT.  Theclinical 
features of increased CIMT was not that much significant in these group 
of  patients.  USG  measurement  of  CIMT  is  used  at  present  for 
identification  of  advanced  subclinical  atherosclerosis.  Thereforevery 
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early identification of elevated CIMT  is the most important step.This is 
 because  the  outcome  may  be  altered  and  managed  by  early 
 identication.The  numerical  measure  of  size  variability  of  circulating  red 
 blood cells is called as red blood cell distribution width (RDW) .It is an 
 usual  component  of  complete  blood  count.  RDW    is  a  strong  and  very 
 independent  predictor  of  cardiovascular  sequelae  and  death. 


Independently  higher rates of Metabolic syndrome have been associated 
with increased RDW . 
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AIM AND OBJECTIVES OF THE STUDY 


To identify the association between RDW and CIMT in the 
Metabolic Syndrome patients. 
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REVIEW OF LITERATURE 
 THE METABOLIC SYNDROME: 


The concept of syndrome X  was reintroduced by Gerald Reaven in 
 1988. This was used for the clustering  of cardiovascular risk factors like 
 insulin  resistance,  hypertension,low  HDL  cholesterol  and  elevated 
 triglyceride  levels1.  The  syndrome  is  much  older,  which  was    observed 
 way  back  in  1923.  Kylin  described  the  clustering  of    increased  glucose 
 levels,  hyperuricemia  and  systemic  hypertension  as  a  syndrome.Several 
 other  metabolic  disturbances  have  been  additionaly  associated  with  the 
 syndrome.This  includes  microalbuminuria,  obesity  and  alternations  in 
 fibrinolysis and coagulation. The syndrome has been given several other 
 names,  that  includes  metabolic  syndrome,  insulin  resistance  syndrome, 
 the  plurimetabolic  syndromeand the deadly quartet2. The  most  widely 
 used  name  being  “Insulin  resistance  syndrome”  which  clearly  explains 
 that  insulin  resistance  is  the  common  denominator  of  the  syndrome. 


There  have  been  marked  variations  in  prevalence  of  the  metabolic 
syndrome among different studies, most probably due to the lack of fixed 
criteria for  defining the syndrome. WHO proposed a unifying definition 
in  19983  for  the  syndrome  and  decided    to  name  it    as  the  metabolic 
syndrome  rather  than  calling  as  insulin  resistance  syndrome.  The  name 
metabolic syndrome was initially coined because insulin resistance have  
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been  the  most  evidentetiology  for  each  one  of    the  components  of  the 
 above said syndrome. 


The  metabolic  syndrome  also  called  as  insulin  resistance  syndrome  is 
 anarray  of  various  metabolic  disturbances  that  gives  increased  risk  of 
 T2DM  and  cardiovascular  complications  .In  1998  the  World  Health 
 Organization  made  the original  definition,there  arise  the  criteria for  this 
 syndrome, It speculates analysis and evolving clinical evidence by a large 
 number  of  varying  acceptances,world  wide  meetings  and  dignified 
 organizations. Abdominal obesity, elevated triglycerides, decreased HDL 
 cholesterol,  increased  glucose  levels  and  hypertension  are  the  major 
 features of MetS4,5 


Fig 1. WHO Criteria For Metabolic Syndrome 
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Epidemiology 


Around the world there has been lot of variations in the frequency of the 
 insulin resistance syndrome,  which clearly reflects the age and ethnicity 
 of  the  populations  analysed  and  the  applied    diagnostic  criteria.  The 
 prevalence  of  MetS  increases  with  the  age.  The  most  documented  
 prevalence  worldwide  is  in  Native  Americans,with  most  of  the  women 
 aging  between  45–49  and  majority  of  men  in  the  middle  age  group 
 meeting  the  National  Cholesterol  Education  Program  Adult  Treatment 
 Panel III criteria6. The National Health and Nutrition Examination Survey 
 III data revealed the age-adjusted prevalence of the metabolic syndrome 
 in  the  United  States  of  america  is  35%  for  men    and  36%  for  women. 


Athirty  to  sixty  four  yearold  cohort  in  France  showed  a  less  than  ten 
percent  prevalence  for  both  gender,  though  seventeen    percentage  are 
affected  in  the  60–64  age  group,  which  is  expected  to  have  dramatic 
increase  in  the  rates  of  obesity  and    the  prevalence  of  the  metabolic 
syndrome,  notably  as  the  population  grows  in  age.Furthermore,  the 
increasing prevalence and severity of  childhood obesity is appraising the  
features of the MetS in theadolescent population. 
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Fig. 2 Components of Metabolic Syndrome 
 VARIOUS DEFINITIONS OF MetS 


Various definitions have been put forth by IDF, WHO, NCEP-ATP 
III  and  EGIR.  While  most  of  the  definitions  agree  on  essential 
components,  which  includes  glucose  intolerance,  obesity,  hypertension 
and  dyslipidemia,  they  varies  in  the  cut-off  point  for  criteria  of  each 
component of the cluster and the way of combining them to define MetS7. 
The  definition  used  in  WHO  report,  gave  importance  to  diabetes  and 
insulin resistance, whereas, the ATP III guidelines gave equal weightage 
to abdominal obesity, hypertension, hyperglycemia, hypertriglyceridemia 
and low HDL cholesterol. The IDF is closest to ATP III in that it includes  
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the same variable but it differs from ATP III by having central obesity as 
 an essential component8,9. Also waist measurement is set at a lower level 
 than in ATP III and is ethnic-specific and the fasting hyperglycemia is set 
 at  the  new  American  Diabetic  Association  (ADA)  cut  off  point  for 
 impaired fasting glucose (IFG). Furthermore, it does not includes insulin 
 resistance.Hyperglycemia  is  not  an  obligatory  component,  which  sets  it 
 apart from WHO and EGIR definitions. 


The  IDF,  2005,  ATP  III  and  WHO  definitions  are  given  in  the 
 figure  3.  The  EGIR-RISC  study  defines  the  metabolic  syndrome  as 
 follows: 


1. Central obesity defined as waist  ≥94cm (men),  ≥80cm(women). 


2. Systolic  BP    ≥140  and  Diastolic  BP    ≥90mmHg,  or  treated 
 forhypertension. 


3. Triglycerides >175mg/dl, or HDL cholesterol <39mg/dl, or treated 
 for dyslipidemia. 


4. Fasting plasma glucose >120 mg/dl, but non-diabetic. 


5. Presence  of  fasting  hyperinsulinemia  (i.e.,  levels  falling  in  the  
 25% of the non-diabetic population). 


Diagnosis of MetS is  made by presence of fasting hyperinsulinemia and 
two of the other factors mentioned above. 
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Fig.3  Various Definitions of Metabolic Syndrome 
 Genetics In Metabolic Syndrome : 


   Peroxisome proliferator-activated receptor  2 (PPAR  2) gene, 
Peroxisome  proliferator-activated  receptor    co-activator-1  α
(PPARGC1A),  leptin,  leptin  receptor,  resistin,  uncoupling  protein-1 
(UCP-1),  and  UCP-2  genes  had  been  implicated  in  every  forms  of 
obesity10,11.  A  latest  study  conducted  in  Chennai    looked  at  the 
Thr394Thr, Gly482Ser and +A2962G polymorphisms of the PPARGC1A 
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gene  showed  that  the  A  allele  of  the  Thr394Thr(GA)  polymorphism 
 was  associated  with  increased  total,  visceral  and  subcutaneous  body  fat 
 which was measured by computerized tomography (CT) and dual energy 
 X-ray absorptiometry.


Risk Factors  


Overweight/Obesity 


The  important  feature  of  the  syndrome  is  the  central  obesity.The  strong 
 relationship between waist circumference and rising adiposity reflects the 
 prevalence  of  the  MetS.  Moreover  patients  who  are  normal  in  weight 
 might  develop  insulin  resistance  and  may  develop  the  syndrome  inspite 
 not being obese. 


Fig 4. Metabolic Syndrome and its complications 
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Sedentary Lifestyle 


Physical  inactivity  is  an  important    predictor  of  Cardiovascular 
 disease and related mortality.Sedentary life style has been associated with 
 several components of the metabolic syndrome ,which includes increased  
 central adipose tissue, decreased high density lipoprotein cholesterol and  
 hypertriglyceridemia12,  hypertension  and  increased  blood  glucose  levels 
 in the susceptible population.Individuals seeing tv programmes or video 
 songs or used their computer less than 1 hour daily,when compared with 
 those who carried out these behaviours for more than 4 hours daily are at 
 a increased risk. 


Ageing : 


The  metabolic  syndrome  affects  major  percentage  of  the  U.S. 


population  more in the age group of 50 years.Women older than age 50 
 have higher population of the syndrome than men13. The age dependency 
 of  the    prevalence  of  the  syndrome  among  the  major  population  of  the 
 world greatly depends on age. 


Fig. 5 Pattern of Obesity 
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Diabetes Mellitus 


T2DM  has  been  considered  in  both  NCEP  and  International 
 Diabetes Foundation definitions of this syndrome. The major population  
 of  patients  with  type  2  DM  or  impaired  fasting  glucose    have  the 
 metabolic  syndrome4.  The  presence  of  the  MetS    in  these  group  of 
 peopleis  related  to  an  increased  incidence  and  prevalence    of 
 cardiovascular  disease  when    compared  to  patients  with  T2DM  or 
 Impaired glucose tolerance without the MetS14. 


Coronary Artery Disease 


The prevalence of MetS in patients suffering from  coronary artery 
 diseaseis  about  half  of  the  population,  with  a  major  prevalence    in 
 patients with premature coronary artery disease  of age <45, significantly 
 in  women15.  Lifestyle  modification  and  correct  rehabilitation  of  cardiac 
 activity  which  includes  increased  physical  activity,  healthy  diet, 
 strictweight  reduction,  and  there  are  certain  drugs  which  can reduce  the 
 prevalence of CAD . 


Lipodystrophy : 


Lipodystrophic  disorders    are  greatly  associated    with  the  MetS.  


Berardinelli-Seip  congenital  lipodystrophy,  Dunnigan  familial  partial 
lipodystrophy16  are  some  of  the  genetic  lipodystrophic  disorders.  HIV-
related lipodystrophy in patients on HAART are acquired forms of  
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lipodystrophy  .These  two  types  leads  to  severe  insulin  resistance  and 
 majority of the components  of the metabolic syndrome. 


INSULIN RESISTANCE : 


It  is  the  theworld  wide  accepted  and  the  most  significant  
 hypothesis to describe  the pathogenesis of theMetS.Insulin resistance is  
 caused by an defect in the action of  insulin17,18 which is not completely 
 understood.  The  postprandial  hyperinsulinemia    precedes  the  onset  of 
 insulin resistance and is succeeded by increased fasting, insulin level and 
 hyperglycemia. 


Fig.6 Insulin Resistance And MetS 


 The  evolution  of  insulin  resistance  highly  depends  on  the  increased 
levels of circulating fatty acids. Albumin-bound free fatty acids in plasma 



(30)14 


were  frequently  derived  from  adipose  tissue  triglyceride  stores  which  is 
 released by hormone-sensitive lipase. The lipolysis of lipoproteins rich in 
 triglycerides in tissues by lipoprotein lipase19 is  a another source of fatty 
 acids.The  stimulation  of  lipoprotein  lipase  and  anti  lipolysis  in  adipose 
 tissue are mediated by insulin. Nowadays the most important pathway of 
 insulin action is the prohibition of lipolysis in the adipose tissue. So,when 
 there  is  development  of  insulin  resistance,  more  fatty  acids  are 
 produced by elevated lipolysis.This decreases the antilipolytic effect of 
 insulin.  Increased  fatty  acids  promotes  substrate  availability  and  insulin 
 resistance is produced by alteration of the downstream signaling.Insulin-
 mediated  glucose  uptake  is  impaired  by  free  fatty  acids  which  leads  to 
 accumulation  of  triglycerides  in  cardiac  and  skeletal  muscle,whereas  in 
 the  liver  there  will  be  elevated  production  of  glucose  and  collection  of 
 triglyceride is seen in liver. 


The  oxidative  stress  hypothesis  defines  a  theory  for  aging  and 
various  risk  fctors to the  development of metabolic syndrome.  Inseveral 
studies doneon insulin-resistant subjects with  increased obesity or type 2 
DM in the offspring of patients with type 2 diabetes and in the elderly an 
insufficient  amount  has  been  found  in  mitochondrial  oxidative 
phosphorylation,  which  further  cause  increased  deposition  of  
triglycerides and various closely related molecules of lipid  in the  
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muscle20,21.  Insulin  resistance  is  associated  with  the  accumulation  of 
 lipids in muscle. 


Increased Waist Circumference 


Waist  circumference  is  the  most  reliable  component  which  is 
 frequently  used  diagnostic  criteria  for  the  MetS.  Furthermore,  waist 
 circumference measurement  would not significantly  distinguish between 
 a  large  waist  due  to  increases  in  subcutaneous  adipose  tissue  from 
 visceral  fat,  CT  or  MRI  is  required  for  this  distinction.  Free  fatty  acids 
 produced from adipose tissue are moved  to the liver because of elevated 
 visceral  adipose  tissue.  Further  more,  lipolysis  products  derived  from  
 increased  abdominal  subcutaneous  fat  are  released  into  the  systemic 
 circulation  and  restrict  more  direct  effects  on  hepatic  metabolism22. 
 Increasing  waist  circumference  with  subsequent  elevation  in 
 subcutaneous  versus  visceral  adipose  tissue  in  Asians  and  Indians  may 
 explain  the  greater  prevalence  of  the  syndrome  in  Asian  and  indian 
 populations compared to African-American population for whom there is 
 predominance of subcutaneous fat .It is also possible that visceral fat is a 
 marker  for  excess  postprandial  FFAs  in  obesity.  The  direct  effects  on 
 liver metabolism is restricted since it is not the source of free fatty acids. 


Rise in subcutaneous versus visceral adipose tissue with increasing waist 
circumference  in  Asians  and    Indians  might  describe  the  greater 
prevalence  of  the  syndrome  in  these    group  of  populations  when 
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compared    with  African-American  peopleas  the  subcutaneous  fat 
 predominates in Asian population23. It is possible that visceral fat may not 
 be a source but there is increased probability of being a marker for excess 
 postprandial Free fatty acids in obesity. 


Fig.7 Waist circumfernce of various ethnic groups 


Standardized  instructions  for  the  measurement  of  waist 
 circumference 


It is preferable to use a tape with a spring handle in order to control 
 the tension applied on the abdomen (e.g. Gulick model). 


Otherwise,  use  an  unstretchable  tape  (avoid  fabric  tape)  with  an 
ungraduated extremity of 3-5 cm in order to properly grab the tape. 
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The  subject  stands  with  his  feet  shoulder  width  apart.  The  arms 
 hang on either side of the body but  stretched out at an angle of about 30 
 degrees to allow the person taking the measurement work comfortably. If 
 that  was  not  comfortable,  participants  can  alternatively  cross  their  arms 
 on  their  shoulders  in  a  relaxed  manner24.  A  light  tension  should  be 
 applied  to  the  tape  (until  the  red  mark  appears)  at  the  moment  of  the 
 reading. 


At the end of a normal expiration the measurement is taken, while 
 make sure  that the participant does not contract the abdominal muscles. 


(Experimenter can engage in conversation with patient if he is suspected 
 to  contract  the  abdominal  muscles)25.  The  measurement  has  been  made 
 twice and if the difference between the first two measurements is greater 
 than  5%  (+1  cm),  a  third  measurement  can  be  taken.  The  two  closest 
 measurements will beaveraged. 


Detailed instructions : 


1. Mark  with  a  pencil  bony  landmarks  of  the  right  and  left  last  rib 
 margin. 


2. Mark with a pencil bony landmarks of the right and left iliac crest. 


3. Mark  with  a  pencil  the  half  way  distance  between  the  last  rib 
 margin and the top of the iliac crest of the two sides. 


4. Measure mid way between the two bony points 1 and 2. 
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Fig. 8 Measurement of Waist Circumference 
 Dyslipidemia 


The  inflow  of  free  fatty  acids  into  the  liver  is  associated  with 
 elevated    production  of  very  low  density  lipoproteins  which  is  rich  in 
 apoB26. The effect of the  insulin on this process was a complex one, but 
 increased  triglycerides  has  beena  significant    marker  of  the  insulin 
 resistance. 


A  reduction  in  HDL  cholesterol  is  themain  lipoprotein 
abnormalities in the metabolic syndrome . This reduction is mainly due to 
alterations  in  HDL  metabolism  and  composition.  A  reduction    in  the 
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cholesterol content of HDLin addition to increased triglycerides is due to 
 the  fall  in  the  content  of  cholesteryl  ester  in  the  lipoprotein  core. 


Cholesteryl ester transfer protein mediated changes in triglyceride makes 
 the  particle  small  and  dense27.  This  alteration    in  the  composition  of 
 lipoprotein  leads  to  an  enhanced  elimination  of  high  density  lipoprotein 
 from the circulation. Though these changes in HDL to insulin resistance 
 are sought to be indirect,which occurs in correlation with the alterations 
 in lipoprotein metabolism. 


Low  density  lipoproteins  and  high  density  lipoproteins  are  also 
changed  in  composition.  There  was    always  a  predominance  of  small 
dense LDLswith fasting serum triglycerides more than 180 mg/dL. Small 
dense  LDLs  will  be  more    toxic  to  the  endothelium  and  increased 
incidence of atherogenesis.They have been able to exit via the endothelial 
basement  membrane  and  gets    adherent  to  glycosaminoglycans  which 
leads toincreased risk to oxidation and have been bound to the scavenger 
receptors  which  acts  more  selectively  on  macrophages  which  is  derived 
from  circulating  monocytes28,29.  Both  VLDL1  and  VLDL2  subfractions 
have elevated cholesterol contents which is seen in persons with elevated 
small  dense  LDL  particles  and  increased  triglycerides.  This  VLDL 
particle more in cholesterol may relatively contribute to the increased risk 
of atherosclerosis  in patients with MetS. 
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The  defective  suppression  of  glucose  production  by  the  liver  and 
 kidney is caused by defect in the insulin action.I


which includes muscle and adipose tissue there will be decreased glucose 
 uptake  and  reduced  metabolism


betweeninsulin  resistance


clearly explained in various  studies done in


30. Insulin  secretion and clearance must  be modified to 
 state inorder to compensate for defects in insulin action
 this compensatory mechanism 


of defects in insulin secretion.


Fig.9  Obesity and Insulin 
 Hypertension 


There  was  a  well  documented
 and  insulin  resistance


on  sodium  reabsorption


conditions  which  is  a  paradoxical  response
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suppression  of  glucose  production  by  the  liver  and 
 is caused by defect in the insulin action.In insulin-sensitive tissues
 which includes muscle and adipose tissue there will be decreased glucose 
 uptake  and  reduced  metabolism.  There  exists  a  causal 


insulin  resistance  and  impaired  fasting  glucose    which  was 
 clearly explained in various  studies done in human, primate, and rodent 


nsulin  secretion and clearance must  be modified to attain 
 state inorder to compensate for defects in insulin action.Finally
 this compensatory mechanism leads to IFG /IGT then to T2DM


insulin secretion. 


Fig.9  Obesity and Insulin resistance 


re  was  a  well  documented  relationship  between  hypertension 
 nce.  The vasodilator  with  secondary  effects


reabsorption  in  the  kidney  under      normal      physiologic   
 conditions  which  is  a  paradoxical  response.However  the  vasodilatory 


suppression  of  glucose  production  by  the  liver  and 
 sensitive tissues 
 which includes muscle and adipose tissue there will be decreased glucose 
   relationship 
 impaired  fasting  glucose    which  was 
 n, primate, and rodent 
  euglycemic 
 Finally,failure of 
 leads to IFG /IGT then to T2DM because 


hypertension 
 effects  of  insulin 
 under      normal      physiologic   


the  vasodilatory 
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effect of insulin is lost in the setting of insulin resistance, but it preserves 
 the  renal  effect  on  sodium  reabsorption  .  In  the  presence  of  the  insulin 
 resistance the increased activity of sympathetic nervous system may also 
 be preserved .This increased acitivity is due to insulin. 


     It  is  signified  by  defect  in  the  pathway  specific  impairment  in  
 the  phosphatidylinositol  3-kinase  signaling.  It  may  cause  a  disparity 
 between secretion of endothelin-1 in the endothelium and the generation  
 of nitric oxide. Nitric oxide leads to decreased blood flow31. Even though 
 these  mechanisms  are  alarming,  the  levels  of  fasting  insulin  asses  the 
 insulin  action  or  by  the  Homeostasis  Model  Assessment,  Increased 
 prevalence of hypertension is contributed by insulin resistance. 


Proinflammatory Cytokines : 


Variety  of  proinflammatory  cytokines,  including  interleukin  1, 
 Interleukin  6,  Interleukin-18,  resistin,  tumor  necrosis  factor  and  C-
 reactive protein is elevated in MetS.The expanded adipose tissue mass is 
 the reason for its over production 32. Adipose tissue-derived macrophages 
 might be the primary source of pro-inflammatory cytokines locally and in 
 the systemic circulation.How much of the insulin resistance is caused due 
 to the endocrine  versus paracrine effects of the above said cytokines still 
 remains doubt33. 


Adiponectin 


An  anti-inflammatory  cytokine  synthesized  particularly  by 
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adipocytes is  adiponectin. Insulin sensitivity is enhanced by  adiponectin 
 and prohibits  the inflammatory process in many ways. The expression of  
 hepatic  gluconeogenic  enzymes  and  gluconeogenesis  rate  was  inhibited.  


Transport of Glucose accelerated by adiponectin and speeds up fatty acid 
 oxidation,   because  of the  activation  of  AMP  kinase  in  the  muscle34.  In 
 the  metabolic  syndrome  adiponectin  is  reduced.  The  excess  of 
 proinflammatory  cytokines  and  adiponectin  insufficiency  remains 
 unclear. 


Fig.10 Adiponectin – Key Adipocytokine 


      Fig.11     Tissues involved in Metabolic Syndrome 
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RED CELL DISTRIBUTION WIDTH – RDW 


Automated counters provide an index of the distribution of red blood cell 
 volumes  in  addition  to  other  parameters  like  MCV,MCH,MCHC.It  is 
 termed  as  red  blood  cell  distribution  width  (RDW).Two  methods    were 
 used by counters to calculate this value35,36. The first method is referred to 
 as  RDW-CV.  The RDW- CV  is the ratio of the width  of the red blood 
 cell distribution curve at 1 SD divided by the MCV (normal RDW-CV = 
 13 Â± 1%). Since it is  a ratio, changes in the MCV or the width of  the 
 curve  would  influence  the  result.  Microcytosis  would  magnifies  the 
 change in the RDW-CV simply by reducing the denominator of the ratio. 


In  contrary,  macrocytosis  will  tend  to  counterbalance  the  change  in  the 
 width of the curve and thereby  minimizing the change in the RDW-CV.  


The  RDW-SD  is  independent  of  the  MCV.  The  RDW-SD  ,a  second 
 method of measuring the RDW is a direct measurement of the red blood 
 cell distribution  width taken  at  the  20%  frequency  level  (normal  RDW-
 SD = 42 Â±4fL). 


The normal values for RDW are given below 


•  RDW – SD – 39-46 fL 


•  RDW – CV – 11.5-14.5% 


RDW-CV is calculated as follows 


•  RDW-CV % = 1 standard deviation of RBC volume/MCV x 100% 
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The  measurements  of  the 


representations  of  variations  in  red  blood  cell  size
 presence  of  a  mixed  population  of  cells


Microcytic cells mixed with normal 
 normal  cells(Double  populations)
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Fig.12  Size and Shape of RBC 


Fig.13  Calculation of RDW 


measurements  of  the  both  RDW  are  essentially  mathematical 
 representations  of  variations  in  red  blood  cell  size  (anisocytosis)
 presence  of  a  mixed  population  of  cells  indicates  increased  RDW


rocytic cells mixed with normal cells or macrocytic cells 


(Double  populations)will  widen  the  curve  and  increase  the 
 RDW  are  essentially  mathematical 
 (anisocytosis).  The 
 indicates  increased  RDW37.  


 mixed with 
and  increase  the 
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RDW.The  RDW-SD  is  most  sensitive  to  the  appearance  of  lower 
 populations of microcytes or macrocytes since it is measured lower on the 
 red cell volume distribution curve . It is highly sensitive to the impact of 
 increased numbers of reticulocytes, which, because of its higher MCV,the 
 base  of  the  distribution  curve  will  be  broadened.  The  RDW-CV  is  less 
 sensitive  to  the  appearance  of  small  populations  of  microcytes,  true 
 macrocytes,  or  reticulocytes,  but it  clearly  reflects the overall change  in 
 size  distribution  which  can  be  seen  with  well  established  macrocytic  or 
 microcytic anemias38. 


CONDITIONS WITH ELEVATED RDW LOW MCV 


•  Iron deficiencyanemia 


•  Thalassemia 


CONDITIONS  WITH  ELEVATED  RDW  WITH  HIGH  OR  LOW 
 MCV 


•  B12 deficiency 


•  Folatedeficiency 


•  Recent transfusion 


CONDITIONS WITH ELEVATED RDW/ HIGH MCV 


•  Liverdisease 


•  Hemolyticanemia 
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MECHANISMS FOR ELEVATED RDW IN HEART FAILURE 


•  Mediated by Inflammation 


•  Proinflammatory cytokines 


1. Erythropoietin geneexpression supressed 


2. Proliferation of erythroid progenitorcells is inhibited 
 3. Downregulates expression of erythropoietin receptor 
 4. Reduced RBC lifespan 


•  Anemia as cause for elevated RDW 
 1. Anemia of chronic disease 


2. Disorders of iron metabolism 
 3. Renal failure 


4. Hemodilution 


•  Bone marrow resistant  to erythropoietin 


•  Oxidative stress induced leading to Anisocytosis and reduced RBC 
 survival. 


Elevations ofIL1beta 



TNFalpha, IL6 


Erythropoietin induced 



RBC maturation 


Elevated RDW
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CAROTID INTIMAL MEDIA THICKNESS 
 B MODE IMAGING 


       Ultrasound imaging was done by using “pulse echo techniques”. The  
 ultrasonic  transducer  is  to  be  placed  in  contact  with  the  skin.  The 
 transducer frequently emits brief pulses of sound on a fixed rate termed as 
 the  pulse  repetition  sequencing.  After  each  pulse  gets  transmitted,  the 
 transducer waits for the echoes from the interfaces along the sound beam 
 path39,40.  Echo  signals  which  was  picked  up  by  the  transducer  are 
 amplified and processed into a  suitable displayable format. The distance 
 to the  reflector  is  determined  from  the echo  arrival  time  .  Hence d=ct/2 
 where d is the depth of  the interface. T is the echo arrival time and c is 
 the  speed  of  sound  in  tissue.  The  round  trip  journey  of  the  sound  pulse 
 and echo was accounted by factor 2. The above said equation is called the 
 range equation in ultrasound imaging. In most scanners when calculating 
 and  displaying  reflector  depths  from  echo  arrival  times,1540m/s  sound 
 speed  is  assumed.  The  corresponding  echo  arrival  time  is  13mcs/cm  of 
 distance of the reflector to create images pulses of image are transmitted 
 along various beam lines. The reception and processing of resultant echo 
 signals follows each one of them. 


Imaging has been done with transduces arrays where echo signals 
was  acquired  by  individual  elements  and  are  combined  within  a  beam 
former into a single for each beam line. After a beam former, echo signal 
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processing for imaging consists of amplifying the signals; applying time 
 gain  compensation  to  offset  the  effects  of  beam  attenuation;  applying 
 nonline  logarithmic  amplification  to  compress  the  wide  range  of  echo 
 signal  amplitudes  into  a  range  that  can  be  displayed  effectively  into  a 
 monitor41,42, demodulation which  forms single spike like signal  for each 
 echo; and B mode processing. The B mode display is used inimaging. 


Fig.14B mode imaging of Carotid Artery Doppler
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The status and structure of arteria carotisis well reflected by the Sclerotic 
 and ageing changes in all  cardiovascular stem  of human  .  This  artery is 
 well  accessible  by  ultrasonic    investigation.  It  is  the  main  vessel 
 supplying  blood  to  the  brain.  Therefore,  ultrasonic    investigation  of 
 arteria carotis(AC) have been the target of number of attempts. Findings 
 in  the  structure  of  AC  walls  are  very  actual  in  anticipating  of  possible 
 changes  of  coronary  arteries,  especially  when  there  are  no  other 
 symptoms of coronary ischemia43. The good indicators for estimation of 
 risk  for  stroke  and  myocardial  infarction  is  the  AC  wall  thickness  and 
 structure. There have been many additional relations established between 
 AC  state  from  one  side  and  diabetes  mellitus,  hypertension,  early 
 sclerosis, overweight and other pathologies from the other side. The main 
 changes  in  AC  can  be  seen  in  the  wall  structure,  which  further  can  be 
 roughly divided into inner layer, contact with blood (intima), middle layer 
 of the wall (media) and outer layer (adventitia). 


Intima and  media  thickness  (IMT)  is  thought  to  be  one  of  the 
most  informative  parameters  for  various  differential  diagnosis.  Changes 
in thickness are well observed in advance of sclerotic plaque appearance, 
thus  giving  early  diagnosis  of  sclerosis.  Sclerotic  damage  of  vascular 
system manifests themselves by thickening of intima layer which is thin 
for healthy and young persons44,45. Media of the AC wall consists mainly 
of spiral fibres of muscles and  is mostly dependent on ability of arteries 
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to  support  the  blood  flow  and  to  react  towards  stress  factors. 


Ultrasonography  of  AC  including  measurement  of  intima  and  media 
 thickness is a good mean  for  ischemic  disease prediction, diagnosis and 
 treatment control.  


        Insufficient precision of intima and media thickness measurements is 
the main problemin diagnostics of the state of AC, since this defines all 
diagnostic  reliability.The  two  layers  are  to  be  clearly  separated  because 
elevated blood pressure causes thickening (hypertrophy) of media, while 
arteriosclerosis  causes  hypertrophy  of intima46. A  very  important  clear 
distinction  of  two  layers  as  well  as  accurate  measurement  of  absolute 
thickness is necessary for differential diagnosis. 
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Fig.15 Landmark for Carotid Doppler 


Fig.16 Plaque detection by carotid artery IMT analysis 
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Structure of carotid artery and acoustical model 


Anatomical  structure  should  be  related  to  the  acoustical  model 
 prior  to  ultrasonic  investigation  of  structure  of  AC  walls47.  Ultrasonic 
 echoscopy  have  been  based  on  reflection  and  scattering  of  incident 
 ultrasonic  pulses  by  changes  in  the  acoustical  impedance  of  the  object 
 under  investigation.  Relation  between  acoustic  and  anatomic  layers 
 (changes in acoustic impedance) was established and potential possibility 
 to measure thickness was proven Since an ultrasonic transducer beam hits 
 the artery from one side zones of adventitia, media, intima consequently 
 causes reflections. 


The  far side from  the transducer is  more convenient  for thickness 
 measurements  on  the  AC  wall  .  Simultaneously  both  walls  can  be 
 measured , or the high frequency transducer can be effectively used near 
 wall  of  artery.  The  far  wall  had  better  reflections  due  to  the  interface 
 blood-intima-media-adventitaacoustics  impedance  sequence.  Since  an 
 ultrasonic  transducer  beam  hits  the  artery  from  one  side  zones  of 
 adventitia, media, consequently  causes  reflections.  More  convenient  for 
 thickness  measurements  are  the  AC  wall  on  the  far  side  from  the 
 transducer.  Both  walls  can  be  measured  simultaneously48,  or  the  high 
 frequency  transducer  can  be  effectively  used  near  wall  of  artery. 


Common Carotid artery (before it’s bifurcation on its are usually used for  
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carotid artery examinations upper end) is accessible within about 10 cm 
 along the artery. 


Therefore,  longitudinal  variances  of intima-media thickness  can 
 be measured or (with some assumptions) longitudinal information can be 
 used  for  the  averaging  of  results  of  the  measurement  .  Repeatable 
 measurements  raises  the  accuracy  either  way.  The  general  purpose 
 echoscopy systems are usually used for the arteria carotis examinations. It 
 is because the 7 – 8 MHz linear scanning transducers are suitable for such 
 investigations.  Both  A  and  B  scanning  methods  could  have  be  used  for 
 ultrasonic  investigations.  B  scan  is  used  frequently  more,  since  it  gives 
 overall view of the artery and general picture can be obtained for a quite 
 long  segment  of  the  vessel.Median  population  values  of intima-media 
 thickness range between 0.5 – 0.9mm.IMT thickens with age at the rate 
 of  0.01  to  0.3mm  per  year.  The  theoretical  axial  resolution  of  a  7MHz  
 transducer  is about 0.3mm. If IMT is thinner than 0.3mm, the two echo 
 interfaces  cannot  be  clearly  separated.,  thickness  can  be  measured 
 directly  if    the  IMT  is  thicker  than  0.3  mm.    The  most  important 
 diagnostic parameter is the overall thickness of intima and media layers49. 


However,  thickness  of  separate  layers  would  be  useful  for  some 
kinds  of  pathological  differentiation.  In  most  cases intima-media layer 
thickness is taken into consideration, since the boundary between media 
and intima isn’t well demarcated in terms of acoustic parameters. 
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B-mode ultrasound is a noninvasive method of examining the walls 
 of  peripheral  arteries  and  provides  measures  of  intima-media  thickness 
 (IMT presence of stenosis and presence of plaques. The IMT corresponds 
 to  the  intima  media  complex,  which  comprises  endothelial    cells, 
 connective tissue and smooth muscle and is the site of lipid deposition in 
 plaque formation50. 


      In  healthy  adults,  IMT  ranges  from  0.25  to  1.5  mm  and  values 
 above 1.0 mm are often regarded as abnormal. IMT has been proposed as 
 a  quantitative  index  of  atherosclerosis  of  value  in  monitoring  disease 
 progression  and the effects  of  treatment  and  as  a  surrogate  end  point  in 
 clinical trials. The validity of IMT for these purposes has been assessed 
 by making comparisons of mean IMT in people with and without clinical 
 evidence  of  CVD  and  discriminatory  ability  has  been  demonstrated. 


Epidemiological studies, which are less prone to bias inherent in clinical 
case series, have reported associations between a range of cardiovascular 
risk  factors  (smoking,  blood  pressure,  elevated  blood  cholesterol)  and 
IMT.  Age  is  one  of  the  most  powerful  determinants  of  IMT,  with 
increases  of  from  0.01  to  0.02  mm  per  year  and  consequently  may 
confound  comparisons  of  IMT  made  between  groups  if  appropriate  age 
adjustment is notmade. 
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Reported  findings  have  demonstrated  inconsistent  associations 
between IMT, risk factors and clinical disease and have also highlighted 
the  importance  of  the  presence  and  severity  of  arterial  wall  plaque  as 
determinants of clinical events. Some of this variation in findings is likely 
to be due to the method of measuring IMT: mean bifurcation, mean bulb 
origin, mean common carotid, mean internal carotid, and combinations of 
these. Correlations between these different approaches are reported to be 
high51. It has been suggested that  measurement of  IMT at the  “common 
carotid artery alone, particularly for studies of association of risk factors 
with  carotid  arterial  disease25,26,  cohort  studies  or  clinical  trialsis 
associated  with  the  status  of  coronary  atherosclerosis”  is  a  reasonable 
alternative  to  more  detailed  and  technically  difficulty  measurement  at 
other  sites.  However,  plaque  formation  is    not  common  in  the  common 
carotid artery. Since thicker IMT bifurcation and bulb origin values tend 
to  occur  in  people  who  also  have  plaques,  it  is  not    the  IMT  but  the 
presence or absence of plaque at either the common carotid or bifurcation 
sites52, is the most reliable  indicator of early atherosclerosis. 
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MATERIALS AND METHODS 
 SOURCE OF STUDY 


Data consists of primary data collected by the principal investigator 
 directly  from  the  cases  of  metabolic  syndrome  admitted  in  the  medical 
 ward in Coimbatore Medical College and Hospital. 


DESIGN OF STUDY: Cross sectional study 
 PERIOD OF STUDY:ONE YEAR 


METHODOLOGY: 


The study is undertaken  in the  Department of General Medicine, 
 Coimbatore Medical College and Hospital, Coimbatore during the study 
 period  (January  2018    to  January  2019).  A  total  of  200  age  and  sex 
 matched  patients  who  are  fulfilling  The  New  International  Diabetes 
 Federation ( IDF)  MetS diagnostic criteria included in the study based on 
 inclusion and exclusion criteria. 


The list of the patients enrolled in the study is appended along with 
 the dissertation. The study excludes minors, pregnant women ,mentally ill 
 and non volunteering patients.  


The  study  is  proposed  to  be  conducted  after  obtaining  informed 
signed consent from the patients .  The  duration of the  study is one  year 
from  2018  to  2019.The  principal  investigator  after  obtaining  informed 
signed consent from the patients to participate in the study measures the 
height,  weight,waist  circumference,  hip  circumference  of  each  patient. 
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BMI is calculated using the formula weight in kilogram divided by square 
 of height in metre. The waist to hip ratio to be calculated.  


SBP and DBP to be measured  with patient sitting in a comfortable 
 position  twice  at  an  interval  of  15  mins.Blood  for  biochemical 
 investigations  to  be  taken  and  examined  within  four    hours.    Routine  
 complete  blood count  


(RBC,  WBC,  RDW ,HB,  PLATELET  ),  Triglyceride,  Total  cholesterol, 
 High density cholesterol (HDL), Low density cholesterol (LDL), fasting 
 plasma glucose measured by automated analyser. Radiologist perform the 
 carotid  ultrasonography  (7.5MHz  frequency)  and  CIMT  measured. 


Elevated CIMT defined as > 1mm. 


Inclusion criteria 


1. Patients age more than 18 years and less than 50 years 
 2. Patients Meeting the IDF  diagnostic criteria for  MetS 
 Exclusion criteria 


1. Patients age less than 18 years and more than 50 years 
 2.  Pregnant Females 


3. Patients  who  had  history  of  anaemia,  CVD  ,  CKD,  Gout  ,Tumor  
 and Severe inflammatory diseases 


4. Patients  having  diabetic  complications  ,  Trauma  ,  surgery  in  the 
 past six months 


5. Persons who are not willing to participate  
6. Patients not capable of giving consent 
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STATISTCAL METHODS 


All  the  datas  that  were  obtained  were  entered  in  MS  Excel  and 
 statistical  analysis  was  done  using  SPSS  Software.  Numbers  and 
 percentages are used in reporting Categorical values. Mean and standard 
 deviation  are  used  while  reporting  Numerical  values.  Statistical  analysis 
 was  done  using    chi-square  test  ,  unpaired  T  test  and  pearsons  correlation 
 coefficient.  Statistical  significance  was  considered  if  p value  was less  than 
 0.05. 


INVESTIGATIONS : 


1.ROUTINE COMPLETE BLOOD COUNT 


Total count, RBC, Hemoglobin levels, Red cell distribution width. 


2.BLOOD BIOCHEMISTRY 
 FBS 


Fasting lipid profile 
 Renal function test 
 3. DOPPLER STUDIES 
        CIMT 


4.ANTHROPOMETRY 
       Height  


      Weight 
       BMI 
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RESULTS 


CAROTID INTIMA MEDIA THICKNESS 


NO OF PATIENTS  PERCENTAGE 


MORE THAN 1  157  78.50% 


LESS THAN 1  43  21.50% 


Table.1 Carotid Intima Media Thickness - Distribution 


Chart 1. Carotid Intimal Media Thickness - Distribution 


MORE THAN 
 1, 157
 LESS THAN 


1, 43



CIMT



(56)40 


AGE DISTRIBUTION 


AGE IN YEARS  NO OF PATIENTS  PERCENTAGE 


LESS THAN 30  50  25.00% 


31-40  68  34.00% 


MORE THAN 40  82  41.00% 


Table 2.Age Distribution 


Chart 2. Age Distribution 
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AGE IN YEARS 


MEAN  SD 


MORE THAN 1  37.22  8.57 


LESS THAN 1  35.62  9.11 


UNPAIRED T TEST 
 P VALUE - 0.288 
 NON SIGNIFICANT 


Table 3. Mean Age Vs CIMT 


Chart 3 . Mean Age Vs CIMT 
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(58)SEX 
 MALE 


FEMALE 


37%


42 


SEX DISTRIBUTION 


NO OF PATIENTS  PERCENTAGE


126  63.00%


74  37.00%


Table 4. Sex Distribution 


Chart 4. Sex Distribution 


63%



SEX DISTRIBUTION


MALE FEMALE


PERCENTAGE 
 63.00% 


37.00% 



(59)43 


CIMT 


SEX 


MALE  FEMALE 


MORE THAN 1  100  57 


LESS THAN 1  26  17 


CHI SQUARE TEST 
 P VALUE - 0.25 
 NON SIGNIFICANT 


Table 5.Sex Vs CIMT 


Chart 5. Sex Vs CIMT 
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SMOKER 


Table 6 . Smoker  Distribution 


Chart 6 . Smoker  Distribution 
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SMOKER


YES NO


SMOKER  NO OF PATIENTS  PERCENTAGE 


YES  56  28.00% 


NO  144  72.00% 
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CIMT 


SMOKER 


YES  NO 


MORE THAN 1  44  113 


LESS THAN 1  12  31 


CHI SQUARE TEST 
 P VALUE - 0.697 
 NON SIGNIFICANT 


Table 7.  Smoker  vs  CIMT 


Chart 7. Smoker vs CIMT 
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CIMT VS SMOKER
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ALCOHOLIC 


ALCOHOLIC  NO OF PATIENTS  PERCENTAGE 


YES  68  34.00% 


NO  132  66.00% 


Table 8 . Alcoholic Distribution 


Chart 8. Alcoholic - Distribution 
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CIMT 


ALCOHOLIC 


YES  NO 


MORE THAN 1  52  105 


LESS THAN 1  16  27 


CHI SQUARE TEST 
 P VALUE - 0.616 
 NON SIGNIFICANT 


Table 9.Alcoholic vs CIMT 


Chart 9.Alcoholic vs CIMT 
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CIMT VS ALCOHOLIC


MORE THAN 1 LESS THAN 1



(64)HYPERTENSION
 YES 


NO 


Table 10. Hypertension Distribution


Chart 10.


61%


48 


HYPERTENSION 


HYPERTENSION  NO OF PATIENTS  PERCENTAGE


78  39.00% 


122  61.00% 


Table 10. Hypertension Distribution 


Chart 10. Hypertension Distribution 
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PERCENTAGE 
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CIMT 


HYPERTENSION 


YES  NO 


MORE THAN 1  73  84 


LESS THAN 1  5  38 


CHI SQUARE TEST 
 P VALUE - 0.001 


SIGNIFICANT 


Table 11. Hypertension vs CIMT 


Chart 11. Hypertension vs CIMT 
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BODY MASS INDEX 


BMI  NO OF PATIENTS  PERCENTAGE 


< 20  29  14.50% 


21-25  75  37.50% 


>25  96  48.00% 


Table 12 . Body Mass Index Distribution 


Chart 12 . Body Mass Index Distribution 
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BODY MASS INDEX



(67)CIMT


MORE THAN 1
 LESS THAN 1 


MORE THAN 1
 25.25


51 


CIMT 


BODY MASS INDEX


MEAN  SD


MORE THAN 1  25.25  4.75


21.45  4.85


UNPAIRED T TEST 
 P VALUE - 0.021 


SIGNIFICANT 


Table 13. BMI VS CIMT 


Chart 13. BMI VS CIMT 
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WAIST CIRCUMFERENCE 


WAIST CICUMFERENCE  NO OF PATIENTS  PERCENTAGE 


HIGH  200  100.00% 


NORMAL  0  0.00% 


Table 14. Waist Circumference Distribution 


CIMT 


WAIST CIRCUMFERENCE 


MEAN  SD 


MORE THAN 1  94.68  2.1 


LESS THAN 1  92.41  1.52 


UNPAIRED T TEST 
 P VALUE - 0.001 


SIGNIFICANT 


Table 15.  Waist Circumference vs CIMT 
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Chart 14. Waist Circumference VS CIMT 
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WAIST CIRCUMFERENCE VS CIMT
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DIABETES MELLITUS 


DIABETES 
 MELLITUS 


NO OF PATIENTS  PERCENTAGE 


PRESENT  52  26.00% 


ABSENT  148  74.00% 


Table 16. Diabetes Mellitus Distribution 


Chart 15. Diabetes Mellitus Distribution 
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CIMT 


DIABETS MELLITUS 
 PRESENT  ABSENT 


MORE THAN 1  51  106 


LESS THAN 1  1  42 


CHI SQUARE TEST 
 P VALUE - 0.0001 


SIGNIFICANT 


Table 17. Diabetes Mellitus Vs CIMT 


Chart 16. Diabetes Mellitus Vs CIMT 
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WAIST HIP RATIO 


WAIST HIP RATIO  NO OF PATIENTS  PERCENTAGE 


HIGH  128  64.00% 


NORMAL  72  36.00% 


Table 18. Waist Hip Ratio Distribution 
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Chart 17.Waist Hip Ratio Distribution 


CIMT 


WAIST HIP RATIO 


MEAN  SD 


MORE THAN 1  0.9  0.05 


LESS THAN 1  0.85  0.06 


UNPAIRED T TEST 
 P VALUE - 0.001 


SIGNIFICANT 


Table 19. WHR VS CIMT 


Chart 18.WHR VS CIMT 
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WHR VS CIMT
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SYSTOLIC BP 


SYSTOLIC BP  NO OF PATIENTS  PERCENTAGE 


>130  200  100.00% 


< 130  0  0.00% 


Table 20. Systolic BP Distribution 


CIMT 


SYSTOLIC BP 


MEAN  SD 


MORE THAN 1  138.24  6.01 


LESS THAN 1  135.27  5.81 


UNPAIRED T TEST 
 P VALUE - 0.002 


SIGNIFICANT 


Table 21. Systolic BP VS CIMT 



(75)MORE THAN 1
 138.24


59 


Chart.19  SBP VS CIMT 


MORE THAN 1 LESS THAN 1
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135.27



SBP VS CIMT



(76)60 


DIASTOLIC BP 


DIASTOLIC BP  NO OF PATIENTS  PERCENTAGE 


> 85  196  98.00% 


< 85  4  2.00% 


Table 22. Diastolic BP Distribution 


CIMT 


DIASTOLIC BP 


MEAN  SD 


MORE THAN 1  88.21  2.82 


LESS THAN 1  87.56  2.47 


UNPAIRED T TEST 
 P VALUE - 0.166 
 NON SIGNIFICANT 


Table 23. Diastolic BP VS CIMT 
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CHART  20.  DBP VS CIMT 
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FASTING BLOOD SUGAR 


FASTING BLOOD SUGAR  NO OF PATIENTS  PERCENTAGE 


> 100  200  100.00% 


< 100  0  0.00% 


Table 24. Fasting Blood Sugar Distribution 


CIMT 


FASTING BLOOD SUGAR 


MEAN  SD 


MORE THAN 1  119.72  11.12 


LESS THAN 1  111.53  9.02 


UNPAIRED T TEST 
 P VALUE - 0.001 


SIGNIFICANT 


Table25. Fasting blood sugar vs CIMT 
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Chart.21 FBS VS CIMT 


119.72
 111.53


MORE THAN 1
 LESS THAN 1
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TRIGLYCERIDES 


TRIGLYCERIDES  NO OF PATIENTS  PERCENTAGE 


> 150  200  100.00% 


< 150  0  0.00% 


Table 26. Triglycerides Distribution 


CIMT 


TRIGLYCERIDES 


MEAN  SD 


MORE THAN 1  168.38  13.27 


LESS THAN 1  154.95  5.08 


UNPAIRED T TEST 
 P VALUE - 0.001 


SIGNIFICANT 


Table 27. TGL VS CIMT 
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Chart 22. TGL VS CIMT 
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(82)HIGHDENSITY LIPOPROTEINS


HDL
 LOW 
 NORMAL


Table.28  HDL Cholesterol Distribution


Chart.23   


30%


66 


HIGHDENSITY LIPOPROTEINS 


HDL  NO OF PATIENTS  PERCENTAGE


141  70.50% 


NORMAL  59  29.50% 


Table.28  HDL Cholesterol Distribution 


hart.23   HDL Cholesterol Distribution 
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CIMT 


HDL 


MEAN  SD 


MORE THAN 1  37  4.53 


LESS THAN 1  39.37  3.32 


UNPAIRED T TEST 
 P VALUE - 0.002 


SIGNIFICANT 


Table 29. HDL VS CIMT 


Chart.24  HDL Vs CIMT 
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(84)TOTAL CHOLESTEROL


> 200 


< 200 


Table 30. Total Cholesterol Distribution


Chart.25  Total Cholestrol Distribution


68 


TOTAL CHOLESTEROL 


TOTAL CHOLESTEROL  NO OF PATIENTS  PERCENTAGE


29  14.50%


171  85.50%


Table 30. Total Cholesterol Distribution 


Chart.25  Total Cholestrol Distribution 
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CIMT 


TOTAL CHOLESTEROL 


MEAN  SD 


MORE THAN 1  189.86  14.68 


LESS THAN 1  171.9  13.98 


UNPAIRED T TEST 
 P VALUE - 0.001 


SIGNIFICANT 


Table 31.Total Cholesterol VS CIMT 


Chart.26 Total Cholesterol VS CIMT 
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BLOOD UREA 


BLOOD UREA  NO OF PATIENTS  PERCENTAGE 


> 40  81  40.50% 


< 40  119  49.50% 


Table 32. Blood Urea Distribution 


Chart.27  Blood Urea Distribution 
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SERUM CREATININE 


SERUM CREATININE  NO OF PATIENTS  PERCENTAGE 


> 1.3  46  23.00% 


< 1.3  154  77.00% 


Table 33. Serum Creatinine Distribution 


Chart.28    Serum Creatinine Distribution 
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