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INTRODUCTION 

 
 

              Metabolic syndrome (MS) is characterized by the presence of a 

cluster of atherogenic risk factors, and is associated with a marked increase 

in the risk of cardiovascular disease(1,2). In 1999, MS was defined by the 

World Health Organization (WHO) (3), and in 2001 another definition was 

proposed by the Third Report of the National Cholesterol Education 

Program (NCEP) Expert Panel on the Detection, Evaluation, and the 

Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III, 

ATP III).(4) Further definitions have been proposed recently by various 

organizations or associations 

                   In an attempt to improve global cardiovascular risk prediction, 

considerable interest has focused on C-reactive protein (CRP), a marker of 

inflammation that has been shown in multiple prospective epidemiological 

studies to predict incidents of myocardial infarction, stroke, peripheral 

arterial disease, and sudden cardiac death(5,6). Thus, MS using the criteria of 

WHO and NCEP-ATP III, has been investigated for its possible relation to 

CRP in this study. 
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             Lp(a) consist of LDL particle with apo-B100((apo B100) component 

linked by a disulfide bridge to Apolipoprotein(a) (apo[a]), a variable-length 

protein that has sequence homology to plasminogen. The close homology 

between Lp(a) and plasminogen has raised the possibility that this 

lipoprotein may inhibit endogenous fibrinolysis by competing with 

plasminogen binding on the endothelium. More recent studies have 

suggested that Lp(a) binds and inactivates tissue factor pathway inhibitor 

and may increase the expression of plasminogen activator inhibitor, further 

linking lipoproteins and thrombosis. Lp(a) also colocalizes within 

atherosclerotic lesions and may have local actions through oxidized 

phospholipids pathways.(7) 

Adjustment for classic cardiovascular risk factors only modestly attenuated 

these effects, in part because there is little correlation between Lp(a) and 

other markers of risk. In most studies, Lp(a) has typically predictive value 

for those already known to be at high risk as a result of the presence of other 

risk factors, in particular elevated LDL-C levels. In the Women’s Health 

Study have found that extremely high levels of Lp(a)—higher than the 90th 

percentile or higher than 65.6 mg/liter—are associated with increased 

cardiovascular risk, independent of other traditional risk factors h This risk 
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increase was nonlinear, however, and was limited almost entirely to those 

with concomitant elevations of LDL-C levels, confirming earlier work. 

Thus, the presence of threshold effects and interactions with LDL-C limit the 

routine measurement of Lp(a) for cardiovascular risk stratification in the 

general population. Lp(a) included in the study to test its relation with 

metabolic syndrome and to study the nonlinearity with respect to CVD. 
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AIMS AND OBJECTIVES 
 
 

 
 

1. To compare the levels of  hS-Crp and Lp(a) in patients satisfying the 

criteria for MS ie.3 or more risk factors with the patients with one or 

two risk factors who serve as controls. Patients are excluded if they 

are already taking CAHD drugs, Statins and other chronic 

inflammatory diseases. 

2. To find out the association of Hs-Crp and Lp(a) in metabolic 

syndrome 
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                   REVIEW OF LITERATURE 
 

C-REACTIVE PROTEIN  

               CRP, named for its capacity to precipitate the somatic C-

polysaccharide of Streptococcus Pneumoniae, was the first acute-phase 

protein to be described and is an exquisitely sensitive systemic marker of 

inflammation and tissue damage(8). CRP belongs to the pentraxin family of 

calcium-dependent ligand-binding plasma proteins, the other member of 

which in humans is serum amyloid P component (SAP). The human CRP 

molecule (Mr 115,135) is composed of five identical non-glycosylated 

polypeptide subunits (Mr 23,027), each containing 206 amino acid residues. 

The protomers are non-covalently associated in an annular configuration 

with cyclic pentameric symmetry(6) (Figure 1).  

                         Each protomer has the characteristic "lectin fold," composed 

of a two-layered β sheet with flattened jellyroll topology. The ligand-binding 

site, composed of loops with two calcium ions bound 4 Å apart by protein 

side-chains, is located on the concave face. The other face carries a single α 

helix (Figure 1). 
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FIGURE-1 

 

A  B  C  

                                                                                         

(a) Negatively stained electron micrograph showing the typical pentameric disc-like 

structure face-on and side-on (arrows). (b) Ribbon diagram of the crystal structure, 

showing the lectin fold and the two calcium atoms (spheres) in the ligand-binding site of 

each protomer (6). (c) Space-filling model of the CRP molecule, showing a single 

phosphocholine molecule located in the ligand-binding site of each protomer (6). 

                 The pentraxin family, named for its electron micrographic 

appearance from the Greek penta (five) ragos (berries), is highly conserved 

in evolution, with homologous proteins throughout the vertebrates and even 

in the phylogenetically distant arachnid, Limulus polyphemus, the horseshoe 

crab. SAP(Serum Amyloid Protein), named for its universal presence in 

amyloid deposits, is a constitutive, non–acute-phase plasma glycoprotein in 

humans and all other species studied, except the mouse, in which it is the 

major acute-phase protein. In contrast, mouse CRP is a trace protein whose 
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concentration increases only modestly, to a maximum of about 2 mg/l, 

during the acute-phase response. No mouse CRP knockout, to our 

knowledge, has yet been made, and in vivo work on CRP function has 

largely been confined to passive administration of exogenous, heterologous 

CRP or to mice transgenic for rabbit or human CRP. These artifactual 

heterologous systems may not provide physiologically relevant information. 

Despite the evolutionary conservation of sequence, subunit organization, and 

protein fold, there are considerable variations between CRPs of different 

species with respect to fine ligand-binding specificity, presence and nature of 

glycosylation, protomer assembly, capacity to precipitate and aggregate 

ligands, base-line circulating concentrations, behavior as acute-phase 

proteins, and capacity to activate autologous complement(7-9). Indeed, only 

human CRP has been rigorously shown to activate complement in isologous 

serum. These differences command extreme caution in extrapolating from 

animal models to humans.  

            CRP production is part of the nonspecific acute-phase response to 

most forms of inflammation, infection, and tissue damage.  

              The acute-phase response comprises the nonspecific physiological 

and biochemical responses of endothermic animals to most forms of tissue 
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damage, infection, inflammation, and malignant neoplasia. In particular, the 

synthesis of a number of proteins is rapidly up regulated, principally in 

hepatocytes, under the control of cytokines originating at the site of 

pathology. Other acute-phase proteins include proteinase inhibitors and 

coagulation, complement, and transport proteins, but the only molecule that 

displays sensitivity, response speed, and dynamic range comparable to those 

of CRP is serum amyloid A protein (SAA) 

             In the mid1990s, immunoassays for C-reactive protein (CRP), with 

greater sensitivity than those previously in routine use, revealed that 

increased CRP values, even within the range previously considered normal, 

strongly predict future coronary events. These findings triggered widespread 

interest. 

      In healthy young adult volunteer blood donors, the median concentration 

of CRP is 0.8 mg/l, the 90th centile is 3.0 mg/l, and the 99th centile is 10 

mg/l 9. But, following an acute-phase stimulus, values may increase from 

less than 50 μg/l to more than 500 mg/l, that is, 10,000- fold. Plasma CRP is 

produced only by hepatocytes, predominantly under transcriptional control 

by the cytokine IL-6, although other sites of local CRP synthesis and 

possibly secretion have been suggested. De novo hepatic synthesis starts 
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very rapidly after a single stimulus, Serum concentrations rising above 5 

mg/l by about 6 hours and peaking around 48 hours. The plasma half-life of     

CRP is about 19 hours and is constant under all conditions of health and 

disease, so that the sole determinant of circulating CRP concentration is the 

synthesis rate10, which thus directly reflects the intensity of the pathological 

process(es) stimulating CRP production. When the stimulus for increased 

production completely ceases, the circulating CRP concentration falls 

rapidly, at almost the rate of plasma CRP clearance 

                   In view of the sensitivity, speed, and range of the CRP response, 

subjects in the general population tend to have stable CRP concentrations 

characteristic for each individual, apart from occasional spikes presumably 

related to minor or subclinical infections, inflammation, or trauma. There is 

no significant seasonal variation in base-line CRP concentration, and, 

remarkably, the self-correlation coefficient of measurements repeated years 

apart is about 0.5, which is comparable to that of cholesterol 

               Twin studies show a highly significant hereditable component in 

base-line CRP values that is independent of age and BMI. Associations 

between CRP production and genetic polymorphisms in IL-1 and IL-6 have 

been suggested, and a polymorphic GT repeat in the intron of the CRP gene 
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is reportedly associated with differences in base-line CRP concentrations in 

normal individuals and in patients with systemic lupus erythematosus(11), and 

also with susceptibility to invasive pneumococcal disease. 

               In most, though not all, diseases in annexure I, the circulating value 

of CRP reflects ongoing inflammation and/or tissue damage much more 

accurately than do other laboratory parameters of the acute-phase response, 

such as plasma viscosity and the erythrocyte sedimentation rate. Importantly, 

acute-phase CRP values show no diurnal variation and are unaffected by 

eating. Liver failure impairs CRP production, but no other intercurrent 

pathologies and very few drugs reduce CRP values unless they also affect 

the underlying pathology providing the acute-phase stimulus. The CRP 

concentration is thus a very useful nonspecific biochemical marker of 

inflammation, measurement of which contributes importantly to (a) 

screening for organic disease, (b) monitoring of the response to treatment of 

inflammation and infection, and (c) detection of intercurrent infection in 

immunocompromised individuals, and in the few specific diseases 

characterized by modest or absent acute-phase responses (annexure II). It is 

not known why systemic lupus erythematosus and the other conditions listed 

in annexure II fail to elicit major CRP production despite evident 
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inflammation and tissue damage, nor why the CRP responses to intercurrent 

infection are apparently intact in patients with such conditions. 

            Earlier work suggested a prognostic association between increased 

CRP production and outcome after acute myocardial infarction (12) and in 

acute coronary syndromes (13). However, our original study with high 

sensitivity measurements of CRP in patients with severe unstable angina (14), 

and the European Concerted Action on Thrombosis and Disabilities Angina 

Pectoris Study of outpatients with both stable and unstable angina (15,16), first 

drew attention to the predictive significance of such measurements for future 

coronary events. Analysis of CRP values in stored sera from large 

epidemiological studies rapidly followed, and the subsequent availability of 

routine high-sensitivity assays for CRP has enabled a flood of studies 

demonstrating a predictive relationship between increased CRP production 

and future athero-thrombotic events, including coronary events, stroke, and 

progression of peripheral arterial disease (17-22). Meta-analysis of all 

published studies up to the year 2000, comprising a total of 1,953 coronary 

events, showed a relative risk of 2.0 for a future coronary event in subjects 

with a single initial base-line CRP value in the upper third compared with 

those in the lower third of the distribution in the general population(21) of 2.0 
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for a future coronary event in subjects with a single initial base-line CRP 

value in the upper third compared with those in the lower third of the 

distribution in the general population 

                The recent emphasis in cardiovascular medicine on “high-

sensitivity” or “highly sensitive” CRP, abbreviated as so-called hs-CRP, 

seems to have created a false impression in some quarters that this is 

somehow a different analyte from “conventional” CRP. This is incorrect. 

The “high sensitivity” refers simply to the lower detection limit of the assay 

procedures being used. The actual CRP analyte, the plasma protein that is 

being measured, is the same regardless of the assay range. Very sensitive 

CRP assays have been reported from research laboratories for 30 years (16). 

The new development is the introduction of commercial and automated 

routine CRP immunoassay systems with greater sensitivity than before. 

      Chronic systemic, nonvascular inflammation is known to be 

proatherogenic in general, and acute systemic inflammatory episodes are 

strongly associated with atherothrombotic events. The increased production 

of CRP that predicts atherothrombotic events may therefore reflect 

inflammation elsewhere in the body, although there is no correlation with 

serological evidence of the various chronic microbial infections, such as 
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Chlamydia pneumonia and Helicobacter pylori, which have been putatively 

linked with coronary heart disease (21) 

           There is a strong positive association between base-line CRP 

concentration and BMI, and weight loss lowers the CRP value. Raised base-

line CRP values are also associated with many features of the insulin 

resistance or metabolic syndrome (25, 26), up to and including frank diabetes 

mellitus (27). This may reflect, in part, the fact that adipocytes are the source 

of a substantial portion of base-line IL-6 production (28) and perhaps also 

synthesize and secrete some of the base-line CRP itself. 

               In insulin-resistant obese individuals, elevated CRP values fall in 

parallel with improvements in insulin resistance that are associated with 

weight loss, but the association between CRP and insulin resistance is 

independent of body mass (30). Other potentially important physiological 

rather than pathophysiological influences are suggested by the finding that 

oral contraceptive use (31) and systemic, but not transdermal, postmenopausal 

hormone replacement therapy (32, 33) are also associated with significantly 

raised base-line CRP concentrations without any sign of tissue-damaging 

inflammation. Similarly, physical exercise (34) and moderate alcohol 

consumption (35) are both associated with lowering of base-line CRP 
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concentration. In contrast, the positive association of CRP values with other 

classical cardiovascular disease risk factors, such as periodontal disease and 

smoking24, seems more clearly related to local nonarterial inflammation. 

            HMG CoA-reductase inhibitors, the drugs known as statins, 

reproducibly reduce CRP values, independently of their effects on lipid 

profiles (36). It is not known whether this reflects direct effects on 

hepatocytes, anti-inflammatory effects within atherosclerotic plaques, and/or 

anti-inflammatory effects elsewhere. However, recent studies suggest that 

statins reduce the risk of future cardiovascular events to the same extent in 

patients with raised LDL cholesterol values and in those with normal LDL 

but with base-line CRP concentrations above the median (37). If these 

observations are confirmed, measurement of CRP may become an indication 

for prophylactic anti atherosclerotic therapy in otherwise apparently low-risk 

individuals and populations 

             Native CRP does bind to oxidized LDL (38) and to partly degraded 

LDL, as found in atheromatous plaques, and then activates complement (39). 

Furthermore, CRP is present in most such plaques examined ex vivo (40, 41) . 

This CRP could promote complement activation and thus inflammation in 

the plaques, and there is experimental evidence supporting a possible role of 
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complement in atherogenesis. Addition of CRP to LDL in cell culture 

systems has been reported to stimulate formation of foam cells, which are a 

typical feature of atherosclerotic plaques (42). It is not known whether this 

reflects opsonization of the LDL particles by CRP or an effect of CRP on the 

phagocytic cells themselves. It has been claimed that CRP is recognized by a 

subset of cellular Fcγ receptors and could thereby directly opsonize its 

ligands and/or engage multiple processes of inflammation. However, 

robustly controlled studies, using recombinant and highly purified human 

CRP and avoiding use of whole IgG anti-CRP antibodies, do not confirm 

such interactions with human cells (43,44) . 

       CRP has also been reported to stimulate tissue factor production by 

peripheral blood monocytes in vitro and could thereby have important 

procoagulant effects (45). 

       Tissue necrosis is a potent acute-phase stimulus, and, following 

myocardial infarction, there is a major CRP response, the magnitude of 

which reflects the extent of myocardial necrosis (12). Furthermore, the peak 

CRP values at around 48 hours after the onset powerfully predict outcome 

after myocardial infarction (12, 46-48). Importantly, CRP is co-deposited with 

activated complement within all acute myocardial infarcts (49, 50), and 
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compelling experimental evidence now suggests that the CRP response not 

only reflects tissue damage in this context but may also contribute 

significantly to the severity of ischemic myocardial injury  

Lipoprotein(a) 

Lipoprotein(a) was discovered in 1963 by Kåre Berg(54) and the human gene 

encoding this protein was cloned in 1987.(55) 

Structure: 

          

           

http://en.wikipedia.org/wiki/K%C3%A5re_Berg
http://en.wikipedia.org/wiki/Gene
http://en.wikipedia.org/wiki/Lipoprotein(a)#cite_note-pmid3670400-4


 

17 
 

Lipoprotein(a) [Lp(a)] consists of an LDL-like particle and the specific 

apolipoprotein(a) [apo(a)], which is covalently bound to the apoB of the 

LDL like particle. Lp(a) plasma concentrations are highly heritable and 

mainly controlled by the apolipoprotein(a) gene [LPA] located on 

chromosome 6q26-27. Apo(a) proteins vary in size due to a size 

polymorphism [KIV-2 VNTR], which is caused by a variable number of so 

called kringle IV repeats in the LPA gene. This size variation at the gene 

level is expressed on the protein level as well, resulting in apo(a) proteins 

with 10 to > 50 kringle IV repeats (each of the variable kringle IV consists of 

114 amino acids).(55,56)These variable apo(a) sizes are known as "apo(a) 

isoforms". There is a general inverse correlation between the size of the 

apo(a) isoform and the Lp(a) plasma concentration(57) which is caused by a 

variable rate of degradation before the apo(a) protein has matured for Lp(a) 

assembly.(58,59) Apo(a) is expressed by liver cells (hepatocytes), and the 

assembly of apo(a) and LDL particles seems to take place at the outer 

hepatocyte surface. The half-life of Lp(a) in the circulation is about 3 to 4 

days.(60) 

 

 

http://en.wikipedia.org/wiki/Kringle_domain
http://en.wikipedia.org/wiki/Lipoprotein(a)#cite_note-pmid3670400-4
http://en.wikipedia.org/wiki/Lipoprotein(a)#cite_note-pmid2026424-6
http://en.wikipedia.org/wiki/Lipoprotein(a)#cite_note-pmid8187206-7
http://en.wikipedia.org/wiki/Lipoprotein(a)#cite_note-pmid8943305-8
http://en.wikipedia.org/wiki/Lipoprotein(a)#cite_note-pmid8432853-9
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Catabolism and clearance 

The mechanism and sites of Lp(a) catabolism are largely unknown. Uptake 

via the LDL receptor is not a major pathway of Lp(a) metabolism.(61,62) The 

kidney has been identified as playing a role in Lp(a) clearance from 

plasma.(63) 

Function 

The physiological function of Lp(a)/apo(a) is still unknown. A function 

within the coagulation system seems plausible, given the aspect of the high 

homology between apo(a) and plasminogen.(65) In fact, the LPA gene derives 

from a duplication of the plasminogen gene. 

Other functions have been related to recruitment of inflammatory cells 

through interaction with Mac-1 integrin, angiogenesis, and wound healing. 

However, individuals without Lp(a) or with very low Lp(a) levels seem to be 

healthy. Thus plasma Lp(a) is certainly not vital, at least under normal 

environmental conditions. Since apo(a)/Lp(a) derived rather recently in 

mammalian evolution - only old world monkeys and humans have been 

shown to harbour Lp(a) - its function might not be vital but just 

evolutionarily advantageous under certain environmental conditions, e.g. in 

case of exposure to certain infectious diseases. 

http://en.wikipedia.org/wiki/Lipoprotein(a)#cite_note-pmid1830206-10
http://en.wikipedia.org/wiki/Lipoprotein(a)#cite_note-pmid7883987-11
http://en.wikipedia.org/wiki/Lipoprotein(a)#cite_note-pmid17495935-12
http://en.wikipedia.org/wiki/Lipoprotein(a)#cite_note-pmid3670400-4
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Another possibility, suggested by Linus Pauling, is that Lp(a) is a primate 

adaptation to L-gulonolactone oxidase (GULO) deficiency, found only in 

certain lines of mammals. GULO is required for converting glucose to 

ascorbic acid (vitamin C), which is needed to repair arteries; following the 

loss of GULO, those primates that adopted diets less abundant in vitamin C 

may have used Lp(a) as an ascorbic-acid surrogate to repair arterial walls. 

Pathology 

Lipoprotein's structure is similar to plasminogen and tPA (tissue 

plasminogen activator) and it competes with plasminogen for its binding site, 

leading to reduced fibrinolysis. Also because Lp(a) stimulates secretion of 

PAI-1 it leads to thrombogenesis. In addition, because of LDL cholesterol 

content, Lp-a contributes to atherosclerosis.(53,54)  

Lipoprotein(a) and Disease 

High Lp(a) in blood is a risk factor for coronary heart disease (CHD), 

cerebrovascular disease (CVD), atherosclerosis, thrombosis, and stroke.(65) 

Lp-a concentrations may be affected by disease states, but are only slightly 

affected by diet, exercise, and other environmental factors. Commonly 

prescribed lipid-reducing drugs have little or no effect on Lp(a) 

concentration. Niacin (nicotinic acid) and aspirin are two relatively safe, 

http://en.wikipedia.org/wiki/Linus_Pauling
http://en.wikipedia.org/wiki/L-gulonolactone_oxidase
http://en.wikipedia.org/wiki/Glucose
http://en.wikipedia.org/wiki/Ascorbic_acid
http://en.wikipedia.org/wiki/Plasminogen
http://en.wikipedia.org/wiki/Tissue_plasminogen_activator
http://en.wikipedia.org/wiki/Tissue_plasminogen_activator
http://en.wikipedia.org/wiki/Thrombocyte
http://en.wikipedia.org/wiki/Cholesterol
http://en.wikipedia.org/wiki/Atherosclerosis
http://en.wikipedia.org/wiki/Coronary_heart_disease
http://en.wikipedia.org/wiki/Cerebrovascular_disease
http://en.wikipedia.org/wiki/Atherosclerosis
http://en.wikipedia.org/wiki/Thrombosis
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easily available and inexpensive drugs known to significantly reduce the 

levels of Lp(a) in some individuals with high Lp(a); they should be used 

under the supervision of a qualified physician. 

High Lp(a) predicts risk of early atherosclerosis similar to high LDL, but in 

advanced atherosclerosis, Lp(a) is an independent risk factor not dependent 

on LDL. Lp(a) then indicates a coagulant risk of plaque thrombosis. Apo(a) 

contains domains that are very similar to plasminogen (PLG). Lp(a) 

accumulates in the vessel wall and inhibits binding of PLG to the cell 

surface, reducing plasmin generation which increases clotting. This 

inhibition of PLG by Lp(a) also promotes proliferation of smooth muscle 

cells. These unique features of Lp(a) suggest Lp(a) causes generation of 

clots and atherosclerosis.(66)  

Vegetarians have higher levels of Lp-a than fish eaters in one homogeneous 

tribal population of Tanzania raising the possibility that pharmacologic 

amounts of fish oil supplements may be helpful to lower the levels of Lpa.(67)  

Some studies have shown that regular consumption of moderate amounts of 

alcohol leads to significant decline in plasma levels of Lp-a while other 

studies have not.(68)  
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Cardiology diagnostic tests 

Lp(a) cannot yet be regarded as a conventional, well established risk factor 

for cardiovascular disease, although studies show an association of Lp(a) and 

cardiovascular disease, which does not automatically mean a causal 

relation.(51) While it might well be indicated to measure Lp(a) in high risk 

patients, the association of Lp(a) and cardiovascular disease is rather 

complicated.(69) Apart from the total Lp(a) plasma concentration, the apo(a) 

isoform might be an important risk parameter.(70,71) Furthermore, the ethnic 

origin of an individual must be considered when evaluating its Lp(a) 

concentration in respect of the risk for cardiovascular events.(71,72) E.g. the 

"conventional" risk threshold of 30 mg/dl would classify up to > 50% of the 

individuals in some African populations as being at risk.(73-75) Furthermore, 

Lp(a) measurement is in urgent need of standardization.(76)  

Thus the threshold values given below should be seen very critically. They 

are applicable only to individuals of European descent, if at all. 

Lipoprotein(a) - Lp(a)(77)  

Desirable: < 14 mg/dL                 (< 35 nmol/l) 

Borderline risk: 14 - 30 mg/dL    (35 - 75 nmol/l) 

http://en.wikipedia.org/wiki/Cardiovascular_disease
http://en.wikipedia.org/wiki/Cardiovascular_disease
http://en.wikipedia.org/wiki/Cardiovascular_disease
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High risk: 31 - 50 mg/dL               (75 - 125 nmol/l) 

Very high risk: > 50 mg/dL           (> 125 nmol/l) 

LP(a) appears with different isoforms (per kringle repeats) of apolipoprotein 

- 40% of the variation in Lp(a) levels when measured in mg/dl can be 

attributed to different isoforms.  
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METABOLIC SYNDROME 

The metabolic syndrome is also known as syndrome X (79), 'Deadly 

Quartet' (80) insulin resistance Syndrome (81,82). 
 

Metabolic syndrome consists of multiple, interrelated risk factors of 

metabolic origin that appear to directly promote the development of 

atherosclerotic cardiovascular disease (ASCVD) and strongly associated 

with type 2 diabetes mellitus (81) 

 
 

EPIDEMIOLOGY 

         Prevalence of the metabolic syndrome varies across the globe. In 

general, the Prevalence of metabolic syndrome increases with age. The 

metabolic syndrome was present in 22.8% and 22.6% of US men and 

women(88) meeting National Cholesterol Education Program, Adult 

Treatment Panel III (NCEP:ATPIII) criteria. The metabolic syndrome was 

present in 4. 6%, 22.4% and 59.6% of normal weight, overweight and obese 

men respectively and similar distribution found in women (62). Older age, 

high body mass index, current smoking, low household income, high 

carbohydrate diet and physical inactivity were associated with increased risk 

of Metabolic syndrome. 
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PREVALENCE OF METABOLIC SYNDROME IN INDIA: 

Mohan et al. in CURES-34 study found the prevalence of MS was 23. 

2% by WHO criteria, 18.3% by ATPIII criteria and 25.8% by 

 IDF-criteria (90). Study done by Ramachandran et al. shows prevalence of 

Metabolic syndrome in urban Asian adults was 41.1% based on modified 

ATP III Criteria. WC was increased in 31. 4%, TG in 45.6%, low HDL-C in 

65.5%, hypertension in 55.4% and raised FPG 26.7%. Metabolic syndrome 

was more common in women than in men and in older people (91). Study by 

Gupta et al. revealed the Prevalence (%) of cardiovascular risk factors in 

men and women, hypertension in 37.0 and 37.6, overweight and obesity in 

37.8 and 50.3, truncal obesity in 57.3 and 68.0, high cholesterol > 200mg/dl 

in 37.4 and 45.8, high triglycerides >150 mg/dl in 32.3 and 28. 6 and 

metabolic syndrome in 22.9 and 31.6%(92). 

         "Whichever definition is used and whatever the variation in the 

numbers due to the different criteria, when looking at prevalence data for the 

metabolic syndrome in different countries and across various ethnic groups, 

one fact is clear. Universally, the metabolic syndrome is a huge problem and 

is one that is growing at an alarming rate". Professor Sir George Alberti, co-

author of the Consensus Statement (93) 
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DIAGNOSIS OF 
METABOLIC SYNDROME 

Although Reaven(79) already highlighted the concepts of insulin 

resistance and the metabolic syndrome in 1988, it lasted until 1998(93) before 

the first attempt for an internationally accepted definition was put forward. 
 
 
WHO CLINICAL CRITERIA FOR METABOLIC SYNDROME (94) 

                           Glucose intolerance, impaired glucose tolerance (IGT) or diabetes 

and or insulin resistance, together with two or more of the following 

components: 

• Central obesity (males: waist to hip ratio > 0. 90; females: waist 

to hip ratio >0. 85) and/or BMI > 30 kg/m2 

• Raised plasma triglycerides (> 1.7 mmol/L; 150 mg/dL) and/or 

low HDL cholesterol (< 0.9 mmol/L, 35 mg/dL men; < 1.0 

mmol/L, 39 mg/dL women) 

• Raised Blood pressure > 140/90 mm Hg 

• Micro albuminuria (urinary albumin excretion rate > 20g/min 

or albumin:creatinine ratio > 30 mg/g) 

 



 

26 
 

The WHO Expert Consultation(95) concluded that the proportion of 

Asian people with a high risk of type 2 diabetes and cardiovascular disease 

is substantial at BMI's lower than the existing WHO cut-off point for 

overweight (= 25 kg/m2). However, the cut-off point for observed risk 

varies from 22 kg/m2 to 25 kg/m2 in different Asian populations and for 

high risk, it varies from 26 kg/m2 to 31 kg/m2. The Consultation, therefore, 

recommended that the current WHO BMI cut-off points  should be retained 

as the international classification. 

 
Classification BMI(kg/m2) 

 
Principal cut-off 
points 

Additional cut-off 
points 

Underweight <18.50 <18.50 
Severe thinness <16.00 <16.00 
Moderate thinness 16.00 - 16.99 16.00 - 16.99 
Mild thinness 17.00 - 18.49 17.00 - 18.49 

Normal range 18.50 - 24.99 
18.50 - 22.99 
23.00 - 24.99 

Overweight ≥25.00 ≥25.00 

Pre-obese 25.00 - 29.99 
25.00 - 27.49 
27.50 - 29.99 

Obese ≥30.00 ≥30.00 

Obese class I 30.00 - 34.99 
30.00 - 32.49 
32.50 - 34.99 

Obese class II 35.00 - 39.99 
35.00 - 37.49 
37.50 - 39.99 

Obese class III ≥40.00 ≥40.00 
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           But the cut-off points of 23, 27.5, 32.5 and 37.5 kg/m2 are to be 

added as points for public health action. It was, therefore, recommended that 

countries should use all categories (i.e. 18.5, 23, 25, 27.5, 30, 32.5 kg/m2 , 

and in many  populations, 35, 37.5, and 40 kg/m2) for reporting purposes, 

with a view to facilitating international comparisons.  

European group of study of insulin resistance (96) 

central obesity:  

          waist circumference ≥ 94 cm (male), ≥ 80 cm (female) 

 dyslipidemia:  

           TG ≥ 2.0 mmol/L and/or HDL-C < 1.0 mmol/L or treated for 

dyslipidemia 

 hypertension:  

            blood pressure ≥ 140/90 mmHg or antihypertensive medication 

 fasting plasma glucose ≥ 6.1 mmol/L 
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AHA/NHLBI CRITERIA FOR METABOLIC SYNDROME 2005(88) 

 
Three or more of the following five risk factors: 

• Central obesity: Waist circumference for men > 102 cm (>40in) 

Women > 88cm (> 35 in) 

 

-Modified WC for South Asians- Male > 90 cm, Female > 80 cms 

• Triglycerides > 150 mg/dL (1. 7 mmol/L) 

• HDL cholesterol 

Men < 40 mg/dL (1. 03 mmol/L) 

Women < 50 mg/dL (1. 29 mmol/L) 

 
•  Blood pressure > 130/ > 85 mm Hg 

• Fasting glucose > 100 mg/dl 
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ATP III CRITERIA FOR METABOLIC SYNDROME (97) 

Three or more of the following five risk factors: 

• Central obesity: Waist circumference for men > 102 cm 

(> 40 in )Women > 88 cm (>35 in) 

• Triglycerides > 150 mg/dL (1.7 mmol/L) 

• HDL cholesterol 

Men < 40 mg/dL (1.03 mmol/L) 

Women < 50 mg/dL (1.29 mmol/L) 

• Blood pressure > 135/ > 85 mm Hg 

• Fasting glucose > 6.1 mmol/L 
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THE NEW INTERNATIONAL DIABETES FEDERATION 
(IDF) DEFINITION(93) 

Central obesity defined as the waist circumference for South Asians: 

Male > 90 cms Female > 80 cms 

Plus any two of the following four factors: 

• Raised TG level: > 150 mg/dL (1.7 mmol/L), or specific 

treatment for this lipid abnormality 

• Reduced HDL cholesterol: <40 mg/dL (1.03mmol/L) in 

males and < 50 mg/dL (1.29mmol/L) in females, or specific 

treatment for this lipid abnormality. 

• Raised blood pressure: systolic BP > 130 or diastolic BP > 85 

mm Hg, or treatment of previously diagnosed hypertension 

• Raised fasting plasma glucose (FPG) > 100 mg/dL (5. 6 

mmol/L), or previously diagnosed type 2 diabetes
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PATHOPHYSIOLOGY OF THE METABOLIC SYNDROME 

The central pathophysiological phenomenon underlying the clustering 

is Insulin Resistance . Major contributor to the development of insulin 

resistance is an overabundance of circulating fatty acids derived 

predominantly from adipose tissue triglyceride stores released by hormone-

sensitive lipase. Fatty acids are also derived through the lipolysis of 

triglyceride-rich lipoproteins in tissues by lipoprotein lipase (LPL). Insulin 

mediates both anti lipolysis and the stimulation of LPL in adipose tissue 

 

INCREASED WAIST CIRCUMFERENCE 

With increases in visceral adipose tissue, adipose tissue-derived FFAs 

are directed to the liver. On the other hand, increases in abdominal 

subcutaneous fat release lipolysis products into the systemic circulation and 

avoid more direct effects on hepatic metabolism. 
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ATHEROGENIC DYSLIPIDEMIA 

FFA flux to the liver is associated with increased production of apoB-

containing, triglyceride- rich very low density lipoproteins (VLDLs). 

Hypertriglyceridemia is an excellent marker of the insulin-resistant 

condition. Reduction of HDL cholesterol is a consequence of changes in 

HDL composition and metabolism. In the presence of hypertriglyceridemia 

decrease in the cholesterol content of HDL is a consequence of reduced 

cholesteryl ester content of the lipoprotein core in combination with 

cholesteryl ester transfer protein-mediated alterations in triglyceride making 

the particle small and dense. This change in lipoprotein composition also 

results in an increased clearance of HDL from the circulation. A more 

detailed analysis usually reveals other lipoprotein abnormalities, eg, 

increased remnant lipoproteins, elevated apolipoprotein B, small LDL 

particles, and small HDL particles. All of these abnormalities have 

been implicated as being independently atherogenic 

HYPERTENSION 

Elevated blood pressure strongly associates with obesity and commonly 

occurs in insulin-resistant persons. In the setting of insulin resistance, the 
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vasodilatory effect of insulin is lost, but the renal effect on sodium 

reabsorption is preserved. Insulin also increases the activity of the 

sympathetic nervous system, an effect that may also be preserved in the 

setting of the insulin resistance. Finally, insulin resistance is characterized by 

pathway-specific impairment in phosphatidylinositol 3-kinase signaling. In 

the endothelium, this may cause an imbalance between the production of 

nitric oxide and secretion of endothelin-1, leading to decreased blood flow. 

 

GLUCOSE INTOLERANCE 

The defects in insulin action lead to impaired suppression of glucose 

production by the liver and kidney and reduced glucose uptake and 

metabolism in insulin-sensitive tissues, i.e., muscle and adipose tissue. To 

compensate for defects in insulin action, insulin secretion and/or clearance 

must be modified to sustain euglycemia. Ultimately, this compensatory 

mechanism fails and progress from IFG and/or IGT to DM. 

 
PROINFLAMMATORY CYTOKINES 

A proinflammatory state, recognized clinically by elevations of C-reactive 

protein (CRP), is commonly present in persons with metabolic syndrome. 

Multiple mechanisms seemingly underlie elevations of CRP. One cause is 
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obesity, because excess adipose tissue releases inflammatory cytokines that 

may elicit higher CRP levels. The increases in proinflammatory cytokines, 

including IL-1,IL-6,IL-18, tumor necrosis factor (TNF alpha) and C-reactive 

protein (CRP), reflect overproduction by the expanded adipose tissue mass. 

Adipose tissue-derived macrophages may be the primary source of pro-

inflammatory cytokines. FFAs also increase the hepatic production of 

fibrinogen and adipocyte production of plasminogen activator inhibitor 1 

(PAI-1), resulting in a prothrombotic state. Higher levels of circulating 

cytokines also stimulate the hepatic production of C-reactive protein (CRP).  

 

PROTHROMBOTIC STATE 

A prothrombotic state, characterized by increased plasma plasminogen 

activator inhibitor (PAI)-1 and fibrinogen, also associates with the metabolic 

syndrome. Fibrinogen, an acute-phase reactant like CRP, rises in response to 

ahigh-cytokine state. 

ADIPONECTIN 

Adiponectin is an anti-inflammatory cytokine produced exclusively 

by adipocytes. It enhances insulin sensitivity and inhibits many steps in the 

inflammatory process. In the liver, Adiponectin inhibits the expression of 
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gluconeogenic enzymes and the rate of glucose production. In muscle, 

Adiponectin increases glucose transport and enhances fatty acid oxidation, 

partially due to activation of AMP kinase. Adiponectin is reduced in the 

metabolic syndrome. 
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MANAGEMENT OF METABOLIC SYNDROME (88,93) 

• Primary intervention 

 
Healthy lifestyle promotion which includes: 

• Moderate calorie restriction (to achieve a 5-10 per cent loss of 

body weight in the first year) 

• Moderate increase in physical activity 

• Change in dietary composition 

• Secondary intervention 

In people for whom lifestyle change is not enough and who are 

considered to be at high risk for CVD, drug therapy may be required to treat 

the metabolic syndrome. While mechanisms underlying metabolic syndrome 

are currently unknown and specific pharmacological agents are therefore not 

yet available, it is currently recommended to treat the individual components 

of the syndrome in order to reduce the CVD and diabetes risk. 
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MATERIAL AND METHODS 

Setting 

The study was conducted in the cardiology OPD, Department of 

Cardiology, Tirunelveli Medical College and Tirunelveli Medical College 

Hospital, Tirunelveli. 
 
  
Collaboration Department 

          Cardiology OPD, HT and Diabetic OPD, Department of Medicine. 
 
 

Ethical Approval 

          Ethical Committee approved the study. 
 
 

Study Design 

          Single Centre 
         
          Non randomized cross sectional study. 
 
 
Study Period 

         Study was conducted between December 2010 and November 

2011 for a period of 12 months from November 2010 to October 2011
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Sample Sizes 

              In the study period of 12 months patients attending the Cardiology 

OPD, Department of Cardiology after applying inclusion and exclusion 

criteria, 50 patients were included in the study. 

 

Selection of Study Subjects 

The patients in the age group of 31-65 were eligible for the study. It is 

confirmed that they had not taken statins for 3 months by detail history. 
 
 
Inclusion Criteria 

• Age group between 31-65 years. 

• patients satisfying metabolic syndrome ( IDF criteria) 

• No evidence of any chronic inflammation 

 

Exclusion Criteria 

• Age below 31 years or above 65 years. 

• Severely ill patient. 

• Patient taking medication for CAHD, lipid disorder(statins) 

Consent 

 
         All participants gave written informed consent
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Method of collection of data: 

In the present study, fifty patients were chosen who are attending 

medicine, diabetic, Hypertension, and cardiology OPD who were divided 

into two separate age and sex matched groups, one with Metabolic 

Syndrome(IDF criteria Three or more risk factor) and one without Metabolic 

Syndrome (Two or less), were selected by stratified sampling, during the 

study period as per the inclusion and exclusion criteria. 

A Performa was drafted including the details about the presenting 

illness, past history of diabetes, HT, CAHD, prior treatment history, 

smoking and alcohol history, Family history of CAHD, Detailed Physical 

examination and anthropometric measurements - Body mass index. 

hsCRP measurement is done by CLIA(Chemi Luminescent Immuno 

Assay) 

Serum Lp(a) Estimation: 

After a period of overnight fasting, 5ml of venous blood was collected 

in a sterile glass tube. The blood was allowed to clot, centrifuged and 

analysed for lipoprotein (a) levels using nephelometry123 method. Samples 

were refrigerated at 4◦C till analysis was done. 

Total cholesterol, triglycerides and high density lipoprotein 

cholesterol were estimated using commercial kits on Beckman Cx4 auto 
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analyzer. Low-density lipoprotein (LDL) was calculated using Friedewald’s 

formula.136 

LDL cholesterol (mg/dl) = Total cholesterol – HDL cholesterol – 

(triglyceride/5) 

Tabulation of results: 

       The details about the patients from both the group, Metabolic 

Syndrome as well as non Metabolic Syndrome, their clinical profile, the 

results of blood investigations were tabulated in separate Performa for the 

purpose of comparison and analysis. 

Statistical analysis: 

Statistical analysis was done by using percentages, mean values, 

Standard Deviation, Standard Error, Chi-Square test, t-test (independent 

sample) with the help of SPSS statistical software package version 17 for 

Windows. The level of significance used was 0.05 levels for the 

corresponding degree of freedom to draw the inference. A p-value <0.05 

was considered statistically significant and a p>0.05 was considered as not 

statistically significant. 
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Results and observation 

Population characteristics: 

TABLE- 1 population characteristics 
Age groups MS Non-MS 

 No Percentage No  Percentage 
30-45 7 28% 7 28% 
46-60 16 64% 16 64% 
>60 2 8% 2 8% 

 P >0.05 not significant at 5% interval, Total no. of patients: 50 

Diagram- 1 Population characteristics 

 

50 patients were included in this study in the age group 30 – 65 years. 

Majority of the patients belongs to 46-60 years group and constitutes 64% 
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each in case and control group. Population characteristics are shown in 

Table 1. Distribution was statistically not significant 

 MS Non-MS 
Mean 48.7 51.6 

SD 8.84 7.84 
 

 p=0.24,So there is no significant difference between distribution of people 

among cases and controls.                   

SEX DISTRIBUTION 

 64 % of the patients in MS group & Non-MS groups are males. 36% of the 

patients in MS group & Non-MS group are females. 

Chart-2 sex distribution  

  

 

 

 

 

 

Table-2 sex distribution  

 

female
male

9 

16 9 

16 

Sex distribution 
MS Non-MS
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Table 2- Sex Distribution 
 MS Non-MS 

Male 16 16 
Female  9 9 

 
Table- 3 Smoking Habit 

 MS Non-MS 
Smoker 13(52%) 10(40%) 

Non-Smoker 12(48%) 15(60%) 
 

Chart- 3 Smoking Habit  
 

 

 

About 52% of the MS group  and 40% of the Non-MS group  were smokers 

and 48% of the MS group  and 60% of the Non-MS group were nonsmokers. 
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Table- 4 Waist Circumference  
 Male Female 
 <90 ≥90 <80 ≥80 

MS 5 11 3 6 
Non-MS 13 3 5 4 

 
Chart- 4 Waist Circumference 

 
 
 

 Male Female 
 MS Non-MS MS Non-MS 

Mean 92.6 83.6 83.9 79.3 
SD 7.32 8.21 9.62 8.80 

p value 0.0029 0.31 

 
p =0.004 

At 5% interval waist circumference is significant in male study population 

(p=0.002) in study group, in female population it is insignificant (p=0.3) it 
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may be due to small female population and some female in study group have 

normal WC and allotted according to their BMI. 

Table- 5 Blood Pressure 

 Systolic BP Diastolic BP 
 SBP<130 SBP>130 DBP<85 DBP>85 

MS 2(8%) 23(92%) 2(8%) 23(92%) 
Non-MS 13(52%) 12(48%) 16(64%) 9(36%) 
p value 0.0001 0.0002 

 

Chart- 5 Blood Pressure 

 

 

People in the study group have average SBP of 146 ±12.5 mmHg and DBP 

of 91.4±5.31 mmHg Persons in control group have average SBP of 

128±13.5 mmHg and DBP of 82.4±9.70.P value for SBP is 0.001 and DBP 
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is 0.002 so people with metabolic syndrome have both significantly raised 

systolic and diastolic BP than people without MS 

Table- 6 FPG 
 FBG<100 FBG>=100 

MS group 6 19 
Non-MS group 20 5 

 

The mean FBG among study group is 120±28.9 and the control group is 

94.7±21.4, P value is 0.0011. 

Chart- 6 FPG 

 

 

76% of MS group and 20% in Non-MS group have FPG >100 while 

24% in MS group and 80% of Non-MS Group have FPG<100. P<0.05, so 

the FPG is significantly elevated in Metabolic Syndrome group than Non 

MS group. 
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Table-7 TGL 
 TGL<150 TGL>150 

Cases 6 19 
controls 18 7 

 

Chart-7 TGL 

 

76% of MS group and 28% in Non-MS Group have TGL>150 while 

24% in MS group and 72% of Non-MS Group have TGL<150. P<0.05, so 

TGL is significantly elevated in Metabolic Syndrome group than Non MS 

group. 
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Table-8 HDL(Male& Female) 
 Male Female 
 HDL<40 HDL>40 HDL<50 HDL>50 

MS  12 4 8 1 
NonMS 1 15 3 6 

 
Chart-8 HDL 

 

In MS group among male population 75% of males have HDL <40 while 

25% of study population have >40mg/dl with the mean of  36.8±8.16 with 

high value of 55 and low value of 25. In Non-MS group 6.25% of men are 

having <40mg/dl HDL while remaining 93.75% of study population has  

HDL>40mg/dl. The mean is 45.4±6.91 with high value of 54 and low value 

of 26. p value of <0.0030 so in MS group males are having statistically 

significant low HDL. 
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In female population among NS group 88.88% have HDL<50 mg/dl while 

21.12% have hdl >50mg/dl with the mean of 40.77± 5.77 with high value of 

52 and low value of 32 

In Non-MS group 33.33% of have HDL<50mg/dl the remaining 66.67% 

have HDL>50mg/dl with the mean of 48.8±5.26.high value is 55 and low 

value is 40. p value is <0.0066 so the difference between MS and Non-MS 

group is statistically significant. 

Table- 9 LDL 
 LDL<130 LDL>130 

MS 14 11 
Non-MS  20 5 

 

Chart- 9 LDL 
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In MS group mean of LDL is 127±33.7 with high value of 197 and low 

value of 65. While in Non-MS group mean of LDL is 110±17.5 with high 

value of 150 and low value of 83.4. P value is 0.028, so variation of LDL in 

MS and Non-MS group is statistically significant 

Table-10 BMI 
 BMI<25 BMI>=25 

MS group 4 21 
Non-MS group 21 4 

 

Chart-10 BMI 

 

 
Mean BMI among MS study group is 29.3±2.89 with high value of 33.2 and 

low value of 23. Among Non-MS study group the mean is 24.5±1.41 with 
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high value of 28.9 and low value of 22. P value is <0.0001 so the BMI 

among MS group is significantly higher than the BMI of Non-MS group. 

Table- 11 hsCRP 
 hsCRP<1 hsCRP 1-3 hsCRP >3 

MS group 0 6 19 

Non-MS group  8 17 0 

 

Chart- 11 hsCRP 

 

 
In MS group no individual is having hsCRP in normal range ie<1. In this 

group Mean of hsCRP is 3.64±0.517 with high value of 4.5 and low value of 

2.8. while in Non-MS group mean of hsCRP is 1.6±0.601 with high value of 

2.8 and low value of 0.7. P value here is <0.0001 so hsCRP is significantly 

elevated in MS group.

MS Non-MS

0 

8 
6 

17 
19 

0 

hsCRP 
hsCRP<1 hsCRP1-3 hsCRP>3



 

52 
 

Table- 12 Lp(a) 
 Lp(a) <25 Lp(a) ≥25 

MS group 11 14 
Non-MS group 20 5 

 

Chart- 12 Lp(a) 

 

Mean of Lp(a) in MS group is 30.9±10.1 with high value of 48 and low 

value of 10 while in Non-MS group the mean is 24.8±7.56 with high value 

of  37 and low value of 10.4. P value is 0.0019, Lp(a) in MS group is 

significantly elevated than in Non-MS group.  
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Table 13- comparison of mean hsCRP &Lp(a) in male and female  

 hsCRP Lp(a) 
 Male Female Male Female 

MS 3.76 3.41 31.2 30.4 
Non-MS 1.54 1.70 24.7 24.9 
p value 0.001 0.001 0.067 0.16 

 

    Both Male and Female subjects in MS group have significantly elevated 

hsCRP than their counter part in Non-MS group. P =0.001. so metabolic 

syndrome is influencing hsCRP level and suggest high risk of CVD. 

      Even though MS group have significant elevation of Lp(a) male and 

female subjects in MS and Non-MS group didn’t show any significant 

elevation of Lp(a). so some other factor in both group is influencing Lp(a). 

 
Male(hsCRP) Female(hsCRP) Male(Lp(a)) Female(Lp(a)

3.76 3.41 
31.2 30.4 

1.54 1.7 
24.7 24.9 

Chart -13 comparison of hsCRP and Lp(a) in 
male female study group 

MS Non-MS
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Table-14- comparison of hsCRP&Lp(a) among smoker& non smoker 

 Mean hsCRP Mean Lp(a) 
 smoker Non smoker Smoker Non-smoker 
MS 3.78(13) 3.48(12) 30.4(13) 31.4(12) 
Non-MS 1.66(10) 1.55(15) 21.7(10) 26.8(15) 
p value 0.0001 0.0001 0.021 0.22 
 

 Non smokers in MS group also having significantly elevated hsCRP, so 

some other factor is influencing strongly the hsCRP in MS group. Smoking 

does not influences(113) but in MS other factors are also influencing. So 

further studies are needed with only smoking as a variant to prove or 

disprove with quantification of smoking. 

  So smoking has definitely a role in elevation of Lp(a) and thereby CVD. 

 

 

MS(hsCRP) Non-MS(hsCRP) MS(Lp(a) Non-MS(Lp(a)

3.78 1.66 30.4 21.7 

3.48 1.55 31.4 26.8 

Chart 14-comparison of hsCRP and Lp(a) in 
smoker 

smoker non smoker
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Table-15- comparison of hsCRP & Lp(a) with Alcoholism 

 Mean hsCRP Mean Lp(a) 
 Alcoholic Non alcoholic Alcoholic Non alcoholic 
MS 3.67(7) 3.62(18) 32.3(7) 30.4(18) 
Non-MS 1.60(15) 1.52(10) 22.2(15) 28.7(10) 
p value 0.0001 0.0001 0.013 0.65 
 

 

Moderate alcohol consumption ranging from 20-70 g /Day associated with 

decreased hsCRP level(114) than without alcohol consumption. In our study 

alcoholic and non alcoholics have significantly elevated hsCRP. So further 

studies are needed with large number of subjects in this regard. 
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Table-16- comparison of hsCRP & Lp(a) with BMI 

 hsCRP Lp(a) 
 BMI<25 BMI≥25 BMI<25 BMI≥25 

MS 3.60(4) 3.64(21) 30.1(4) 31.1(21) 
Non-MS 1.65(21) 1.32(4) 24.7(21) 25.2(4) 
p value 0.0001 0.0001 0.17 0.33 

 

 

 
In our study population subjects with lower BMI ie<25 have significantly 

raised hsCRP, so BMI of indian population should be reduced to access the 

risk for CVD. 

Lp(a) has not significantly elevated in our study population, so BMI has no 

effect on Lp(a) elevation. 
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Correlations 

 kHT kDM smoke alcohol HsCrp Lp(a) 

kHT Pearson Correlation 1 .346* .091 -.276 -.472** -.027 

Sig. (2-tailed)  .014 .529 .052 .001 .851 

N 50 50 50 50 50 50 

kDM Pearson Correlation .346* 1 -.090 -.342* -.535** -.005 

Sig. (2-tailed) .014  .536 .015 .000 .971 

N 50 50 50 50 50 50 

smoke Pearson Correlation .091 -.090 1 .475** -.192 .118 

Sig. (2-tailed) .529 .536  .000 .183 .414 

N 50 50 50 50 50 50 

alcohol Pearson Correlation -.276 -.342* .475** 1 .273 .235 

Sig. (2-tailed) .052 .015 .000  .055 .101 

N 50 50 50 50 50 50 

HsCrp Pearson Correlation -.472** -.535** -.192 .273 1 .249 

Sig. (2-tailed) .001 .000 .183 .055  .082 

N 50 50 50 50 50 50 

Lp(a) Pearson Correlation -.027 -.005 .118 .235 .249 1 

Sig. (2-tailed) .851 .971 .414 .101 .082  

N 50 50 50 50 50 50 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

 
  hsCRP level correlates moderately with diabetics minimal correlation with 
 
 hypertension while alcoholism and smoking has no significant correlation  
 
 with  hsCRP or Lp(a)  which needs further  study. in this study  Lp(a)  has no 
 
 correlation  with diabetes and  hypertension. 
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Correlations 
 Age BMI WC SBP DBP HsCrp Lp(a) 

Age Pearson Correlation 1 .136 .013 .174 .216 .279* .018 

Sig. (2-tailed)  .345 .930 .226 .131 .050 .902 

N 50 50 50 50 50 50 50 

BMI Pearson Correlation .136 1 .183 .342* .381** .607** .283* 

Sig. (2-tailed) .345  .202 .015 .006 .000 .046 

N 50 50 50 50 50 50 50 

WC Pearson Correlation .013 .183 1 .275 .391** .303* .259 

Sig. (2-tailed) .930 .202  .053 .005 .033 .069 

N 50 50 50 50 50 50 50 

SBP Pearson Correlation .174 .342* .275 1 .762** .562** .251 

Sig. (2-tailed) .226 .015 .053  .000 .000 .079 

N 50 50 50 50 50 50 50 

DBP Pearson Correlation .216 .381** .391** .762** 1 .518** .254 

Sig. (2-tailed) .131 .006 .005 .000  .000 .075 

N 50 50 50 50 50 50 50 

HsCrp Pearson Correlation .279* .607** .303* .562** .518** 1 .249 

Sig. (2-tailed) .050 .000 .033 .000 .000  .082 

N 50 50 50 50 50 50 50 

Lp(a) Pearson Correlation .018 .283* .259 .251 .254 .249 1 

Sig. (2-tailed) .902 .046 .069 .079 .075 .082  

N 50 50 50 50 50 50 50 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

 
hsCRP has moderate correlation with BMI, SBP and DBP while it has weak  

correlation with Age and Waist Circumference which is statistically 

significant. Lp(a) has weak correlation with Waist Circumference  while 

correlation with other variables are statistically not significant 
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Correlations 
 HsCrp Lp(a) FBG HDL TGL LDL TC 

HsCrp Pearson Correlation 1 .249 .489** -.492** .531** .220 .228 

Sig. (2-tailed)  .082 .000 .000 .000 .125 .111 

N 50 50 50 50 50 50 50 

Lp(a) Pearson Correlation .249 1 .066 -.122 .271 .917** .578** 

Sig. (2-tailed) .082  .649 .399 .057 .000 .000 

N 50 50 50 50 50 50 50 

FBG Pearson Correlation .489** .066 1 -.007 .242 .077 .274 

Sig. (2-tailed) .000 .649  .963 .090 .596 .054 

N 50 50 50 50 50 50 50 

HDL Pearson Correlation -.492** -.122 -.007 1 -.212 -.154 -.053 

Sig. (2-tailed) .000 .399 .963  .139 .286 .716 

N 50 50 50 50 50 50 50 

TGL Pearson Correlation .531** .271 .242 -.212 1 .295* .335* 

Sig. (2-tailed) .000 .057 .090 .139  .037 .017 

N 50 50 50 50 50 50 50 

LDL Pearson Correlation .220 .917** .077 -.154 .295* 1 .630** 

Sig. (2-tailed) .125 .000 .596 .286 .037  .000 

N 50 50 50 50 50 50 50 

TC Pearson Correlation .228 .578** .274 -.053 .335* .630** 1 

Sig. (2-tailed) .111 .000 .054 .716 .017 .000  

N 50 50 50 50 50 50 50 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 
In our study hsCRP has statistically significant correlation which is mild 

with FBG and negatively correlated with HDL which is also mild and 

moderate correlation with TGL Cholesterol. Lp(a) has statistically 

significant moderate correlation with LDL cholesterol which is even 

significant at 1% interval and Total Cholesterol. 
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hsCRP 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .844a .713 .639 .7027 

a. Predictors: (Constant), TC, Age, HDL, WC, FBG, TGL, SBP, BMI, LDL, DBP 

 
 

ANOVAb 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 47.848 10 4.785 9.690 .000a 

Residual 19.259 39 .494   

Total 67.107 49    

a. Predictors: (Constant), TC, Age, HDL, WC, FBG, TGL, SBP, BMI, LDL, DBP 

b. Dependent Variable: hsCrp 
 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -3.580 1.797  -1.993 .053 

Age .010 .013 .075 .822 .416 

BMI .068 .038 .193 1.778 .083 

WC .009 .012 .075 .774 .443 

SBP .019 .010 .257 1.857 .071 

DBP .006 .019 .049 .330 .743 

FBG .014 .004 .330 3.308 .002 

HDL -.038 .014 -.264 -2.704 .010 

TGL .006 .003 .215 2.084 .044 

LDL .002 .005 .055 .468 .642 

TC -.006 .005 -.153 -1.235 .224 

a. Dependent Variable: HsCrp 
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Lp(a) 
 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .931a .866 .832 3.8338 

a. Predictors: (Constant), TC, Age, HDL, WC, FBG, TGL, SBP, BMI, LDL, DBP 

 
 

ANOVAb 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 3710.182 10 371.018 25.243 .000a 

Residual 573.219 39 14.698   

Total 4283.402 49    

a. Predictors: (Constant), TC, Age, HDL, WC, FBG, TGL, SBP, BMI, LDL, DBP 
 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -21.532 9.802  -2.197 .034 

Age -.007 .069 -.006 -.101 .920 

BMI .245 .209 .087 1.171 .249 

WC .074 .065 .075 1.132 .265 

SBP .117 .056 .199 2.104 .042 

DBP -.181 .106 -.173 -1.710 .095 

FBG -.016 .023 -.049 -.723 .474 

HDL .080 .077 .070 1.046 .302 

TGL -.004 .016 -.016 -.232 .817 

LDL .308 .027 .920 11.539 .000 

TC -.006 .027 -.019 -.229 .820 

a. Dependent Variable: Lp(a) 
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84 percent of the hsCRP is predictable by the variables ie , WC,TC, TGL, 

LDL, HDL,SBP, DBP, , and the  overall association  of these variables with 

hsCRP is statistically significant. The same way 93 percent of Lp(a) is 

predictable by these variables and the overall association is statistically 

significant. 
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Discussion 

In any country that becomes “developed”, the non-communicable 

diseases are replacing the infectious diseases. As India is fastly growing to 

be a developed country we have to concentrate on the non-communicable 

diseases, its risk factors and its prevention, intervention etc.  

Human body requires balance in diet, physical exercise and mental 

relaxation including sleep(115). When there is imbalance in these three 

parameters, body reacts by developing these so called life style diseases. 

This is applicable for both sexes and all ages. They include heart diseases, 

metabolic syndrome, Type 2 diabetes, atherosclerosis, crohn’s disease, 

stroke, Alzheimer's disease, depression , drug addiction , alcoholism and 

obesity. 

Primarily, conditions like certain forms of cancers and most types of 

heart diseases, high blood pressure, obesity & Type 2 diabetes and other 

growing number of lifestyle diseases and disorders are “contracted” from the 

dramatic shift in the way people live today. Unhealthy diet, lack of exercise, 

stress, smoking, excess alcohol, drug abuse and even inadequate sleep may 

attribute to these illnesses or be their primary cause. 
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In a decade from now, chronic diseases like cardiovascular disease, 

diabetes, hypertension, cancer & AIDS accounted for over 65% of deaths in 

India compared to 53% in 2005. According to the study, by 2020, chronic 

diseases are expected to claim 7.63 million lives in India compared to 3.78 

million in 1990. 

A study conducted jointly by the All India Institute of Medical 

Sciences and Max Hospital shows the incidence of hypertension, obesity and 

heart disease is increasing at an alarming rate, especially in the young, urban 

population. According to doctors say, a sedentary lifestyle combined with an 

increase in the consumption of fatty food and alcohol is to blame for cases of 

obesity, diabetes, hypertension etc. 

The World Health Organization (WHO) has cautioned that India could 

emerge as the diabetes capital of the world. There are around 42 million 

diabetics in the country currently and it is estimated that this figure will 

almost double and rise to 80 million by 2030. 

The Cardiological Society of India has estimated that the country is 

likely to have a 100 million heart patients or nearly 60 % of the world’s total 

heart patients by 2020. 
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100 million people in India have high blood pressure. Over 40% of 

urban Indians have abnormal lipid levels (high Cholesterol, triglycerides and 

with low HDL) that are the major risk factors for heart disease. 

According to the report, released at the World Health Assembly in 

Geneva, 60 % of all deaths worldwide in 2005 - that is 35 million – resulted 

from Non-communicable disease and accounted for 44% of premature 

deaths. The worst thing to be noted is that around 80% of these deaths 

occurred in low and middle – income countries like India, Brazil, Indonesia, 

Egypt & Turkey, who are also crippled by an ever increasing burden of 

infectious diseases, poor maternal & perinatal conditions and also nutritional 

deficiencies. 

CAHD is the leading cause of mortality worldwide; responsible for 

one-third of all deaths (102). According to WHO estimates, 17.5 million 

people died of CAHD in 2005.(102) Developing countries contributed to 80 

percent of CAHD deaths 

Metabolic syndrome has been studied earlier in india. The earliest 

study (103) on prevalence of Metabolic Syndrome in India was done in the 

urban areas of Delhi and rural Haryana and the prevalence was 30% and 

11% respectively during 1992-94 (criteria: ATP III). Later, Ramachandran et 

al (104) (modified ATP III criteria) documented a higher prevalence of 
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metabolic syndrome (41%) in 1995 and Deepa et al (105) reported 11.2% 

prevalence (criteria: European group for study of insulin resistance-HOMA 

model) in urban Chennai during 1996-97. Gupta et al (106) reported 25% 

prevalence (ATP III criteria) in Jaipur. The Sentinel surveillance project (107) 

in Indian Industrial population illustrated 27% prevalence (ATP III criteria) 

during 2001-03. Misra et al (108) carried out a study among the urban slum 

population in Delhi, reported 30% prevalence (own criteria) of metabolic 

syndrome. So metabolic syndrome is prevalent in India. 

Among the newly emerging risk factors highly Sensitive C-Reactive 

Protein and Lipoprotein(a) are extensively studied in various populations 

around the world but we have limited studies particularly in south Indian 

population. With this background we studied the factors association with 

Metabolic Syndrome. 

Metabolic syndrome is a chronic low grade inflammatory condition, 

hsCRP which has emerged as an independent risk factor for CAHD was 

studied in Metabolic Syndrome people and found to have raised making MS 

as a definite risk for CAHD. 

Fifty patients were randomly selected from various OP departments 

were categorized into Metabolic and Non-Metabolic syndrome group 

according to IDF criteria, hsCRP and Lp(a) were measured and compared 
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between these two groups along with other relevant parameters, both the 

groups were age as well as sex matched, smoking and alcoholism were also 

more less equally distributed between these groups. 

In our study the parameters like BMI, Blood pressure, Fasting blood 

glucose, LDL,TGL, hsCRP, Lp(a) is significantly increased and HDL is 

significantly decreased in MS group than in Non-MS group.  

ANOVA test also suggest that all the above mentioned factors are 

statistically significant in respect to hsCRP. (p<0.00001) 

There are lots of studies comparing the diabetes and CAD, 

components of metabolic syndrome and CAD, but studies on hsCRP which 

has emerged as a newer marker for CAHD is limited. 

  hsCRP and its correlation with components of MS is studied by 

correlation analysis which shows a positive correlation with BMI, SBP, 

DBP, WC, FBG, TGL, DM, HT the p Value is 0.00001,0.00001, 0.00001, 

0.033, 0.00001,0.00001,0.001, 0.00001 respectively, and with HDL  

negative correlation is shown, p value is 0.0001. All the factors except waist 

circumference is significant even at 1% interval.  

Study conducted in Brazilian youth by Oliveria et al revealed a strong 

relationship with hsCRP with MS and its components(110) . 
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A paper presented by kirchner et al at 14th annual HMO research network 

conference also stats that hsCRP and BMI are strongly correlated (111). 

Unfortunately high sensitivity CRP (hs-CRP) assays are not yet widely 

available. When they are, CRP will become a useful test to predict 

cardiovascular risk, particularly when LDL is within normal.  

In JUPITER study it was stated that people are benefited by lipid lowering 

drugs with normal LDL and elevated hsCRP which is a risk factor for 

CAHD. 

               The correlation is not significant with alcohol and smoking. But 

studies have proved that smoking intensity not independently associated with 

hsCRP(113).  

Lp(a) level  shows positive correlation with BMI, LDL, and TC with p value 

of 0.046, 0.00001, 0.00001 respectively. Unfortunately again smoking is not 

significantly related to Lp(a) levels in our study, further studies with large 

number of participants are needed in this regard. 

ANOVA test shows overall correlation with Lp(a) and MS and its 

components is significant (p<0.00001) even though the component analysis 

differ . 

In PROCAM study there is significant correlation between BMI and LDL 

with Lp(a) in female population (112) . 
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CONCLUSION 

We conducted a small study with fifty subjects from southern part of 

Tamilnadu which showed a significant rise of hsCRP and Lp(a) which are 

newer risk factor for cardio vascular disease in patients with Metabolic 

Syndrome which is on the rise in people in India due to sedentary life habit 

and unhealthy pattern of eating and living. 

hsCRP and Lp(a) both are significantly elevated in Metabolic 

Syndrome . 

At lower BMI itself hsCRP is significantly elevated. 

Smoking doesn’t reveal any significant association with hsCRP. 

Lp(a) is significantly associated with BMI, TC, and LDL. 

 So large multicenter studies involving various people from various 

parts of Tamilnadu / India are needed with setting end points like adverse 

cardio vascular events are need of the hour. 
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PROFORMA 

 

Prevalence of metabolic syndrome in coronary artery disease and 

cerebrovascular accident Patients at Tirunelveli Medical College Hospital. 

 

NAME     :                 ADMITTING UNIT : 

AGE     :  

 SEX                    :                                      IP NO : 

ADDRESS           :  

OCCUPATION  : 

CHESTPAIN :           Yes / No 

 PAST H/O       

                       DIABETES 

HYPERTENSION 

HYPERLIPIDEMIA 

SMOKING  

ALCOHOL 

CAHD 

DRUG HISTORY 
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                      OHA 

                      ANTI HT ,STATINS 

GENERAL EXAMINATION 

  

EXAMINATION OF SYSTEMS 

       MEASUREMENTS 

           HT (in mt) 

           Wt( in kg) 

          WC( in cm) 

INVESTIGATIONS 

                    LIPID PROFILE 

                     TC 

                     TGL 

                     LDL 

                     HDL 

            FPG 

            Hs-Crp 

            Lp(a) 

 

METABOLIC SYNDROME                                         YES/ NO 

(IDF Criteria) 
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            Annexure I-CRP responses in diseases 

Major CRP Acute phase response 

Infection Bacterial Systemic/Severe fungal, 

mycobacterial, viral 

Allergic complication of infection Rheumatic fever, erythema nodosum 

 

Inflammatory disease  

Rheumatoid arthritis Juvenile chronic 

arthritis Ankylosing spondylitis Psoriatic 

arthritis, Systemic vasculitis Polymyalgia 

rheumatica Reiter disease Crohn disease 

Familial Mediterranean fever 

Necrosis  Myocardial infarction Tumor 

embolization Acute pancreatitis 

Trauma  Surgery Burns Fractures 

Malignancy  Lymphoma, carcinoma, sarcoma  

Modest or absent CRP acute-phase 

response 

Systemic lupus erythematosus 

Scleroderma Dermatomyositis 

Ulcerative colitis Leukemia Graft-

versus-host disease 
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Annexure- II 

Routine clinical uses of CRP measurement 

 

Screening test for organic disease 

Assessment of disease activity in inflammatory conditions 
Juvenile chronic (rheumatoid) arthritis 
Rheumatoid arthritis 
Ankylosing spondylitis 
Reiter disease 
Psoriatic arthropathy 
Vasculitides    Behcet syndrome 

Wegener granulomatosis Polyarteritis 
nodosa Polymyalgia rheumatica 

Crohn disease Rheumatic fever 
Familial fevers including familial Mediterranean fever Acute 
pancreatitis 

Diagnosis and management of infection 
Bacterial endocarditis 
Neonatal septicemia and meningitis 
Intercurrent infection in systemic lupus erythematosus 
Intercurrent infection in leukemia and its treatment 
Postoperative complications including infection and thromboembolism 

Differential diagnosis/classification of inflammatory disease, Systemic lupus 
erythematosus vs. rheumatoid arthritis Crohn disease vs. ulcerative colitis 
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No. Age Sex Ht Wt BMI KDM KHT Smoker Alcohol WC SBP DBP FBG HDL TGL LDL TC MS HsCrp Lp(a) 
1 48 M 1.6 74 28.90625 NO NO YES YES 75 120 80 110 47 156 89 169 NO 0.9 12 
2 57 M 1.55 67 27.88762 NO NO NO NO 99 160 100 80 45 203 189 208 YES 4 45 
3 52 F 1.5 59 26.22222 YES YES NO NO 72 150 90 150 52 152 145 250 YES 3.5 35 
4 37 F 1.5 65 28.88889 NO NO NO NO 82 120 80 116 38 156 80 140 YES 2.9 12 
5 32 F 1.49 55 24.77366 NO NO YES YES 60 120 80 76 45 158 83.4 154 NO 2.5 15 
6 44 M 1.58 73 29.24211 NO NO YES YES 96 140 90 110 46 123 129 203 YES 3.8 40 
7 51 M 1.56 60 24.65483 NO NO YES YES 84 120 80 103 45 143 92 175 NO 2.1 22 
8 54 M 1.69 85 29.76086 NO NO YES YES 100 142 98 103 25 197 130 155 YES 4.2 35 
9 52 M 1.63 76 28.60476 YES YES NO NO 98 140 90 112 30 110 65 176 YES 3.6 10 
10 58 M 1.65 79 29.01745 NO YES YES YES 75 170 90 100 30 185 130 172 YES 4 34 
11 38 M 1.74 88 29.06593 YES YES YES YES 102 160 100 123 50 243 70 192 YES 4.1 15 
12 65 M 1.69 92 32.21176 NO NO YES YES 85 124 86 110 34 158 129 165 YES 3.9 27.2 
13 52 F 1.59 80 31.64432 NO YES NO NO 88 148 92 90 42 106 125 190 YES 3 28 
14 43 M 1.65 67 24.60973 NO YES YES NO 91 150 90 110 36 98 133 193 YES 2.8 33 
15 38 M 1.68 85 30.11621 NO NO NO NO 95 148 100 95 30 245 197 281 YES 3.5 48 
16 45 F 1.45 67 31.86683 YES NO NO NO 78 140 100 165 43 205 187 245 YES 4 45 
17 51 M 1.67 65 23.30668 NO YES YES NO 85 160 90 119 32 109 94 172 YES 4.2 22.5 
18 53 F 1.56 76 31.22945 YES NO NO NO 70 170 90 200 40 170 102 204 YES 3.5 26 
19 58 F 1.65 85 31.2213 YES NO NO NO 93 140 90 90 32 172 143 214 YES 3.7 39 
20 55 M 1.59 82 32.43543 YES YES YES NO 92 140 90 132 32 193 134 208 YES 4.3 36 
21 44 M 1.73 95 31.74179 NO NO YES YES 95 130 80 120 35 180 155 199 YES 2.8 40 
22 41 F 1.6 63 24.60938 NO NO NO NO 80 120 70 89 51 99 101 157 NO 2.1 28 
23 55 M 1.68 66 23.38435 NO NO YES YES 70 110 70 94 46 198 104 133 NO 2.5 27 
24 46 M 1.68 68 24.09297 YES NO NO YES 82 140 80 108 40 150 110 180 NO 2.8 24 
25 53 M 1.65 75 27.54821 NO NO NO YES 80 120 80 90 51 122 100 169 NO 1.4 20 
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No. Age Sex Ht Wt BMI KDM KHT Smoker Alcohol WC SBP DBP FBG HDL TGL LDL TC MS HsCrp Lp(a) 
26 43 M 1.56 60 24.65483 NO NO YES NO 98 160 90 90 52 135 132 208 NO 1 35 
27 62 F 1.6 62 24.21875 NO NO NO YES 80 120 80 86 42 90 102 150 NO 1.8 23 
28 59 M 1.67 67 24.02381 NO NO YES YES 88 140 100 90 26 120 98 140 NO 2.1 12 
29 60 M 1.7 90 31.14187 YES YES YES NO 88 140 90 165 55 190 122 197 YES 3.7 31 
30 52 M 1.63 64 24.08822 NO NO YES YES 82 120 80 110 50 148 87 160 NO 2 10.4 
31 65 F 1.62 79 30.10212 YES YES NO NO 92 150 96 154 38 197 123 189 YES 4 29 
32 48 M 1.62 87 33.15043 NO NO YES YES 95 140 90 89 35 166 120 158 YES 2.9 35 
33 60 M 1.66 87 31.57207 YES NO YES NO 85 150 90 119 38 166 102 205 YES 3.9 20 
34 55 M 1.6 59 23.04688 YES NO YES NO 100 146 92 142 36 172 123 205 YES 4.5 27 
35 30 M 1.66 67 24.31412 NO NO YES YES 92 110 70 80 42 60 112 162 NO 1 26 
36 34 M 1.66 66 23.95123 NO NO NO YES 86 140 90 80 50 125 98 165 NO 0.9 17 
37 53 F 1.56 72 29.5858 NO NO NO NO 82 160 90 100 45 100 98 184 YES 3.2 22 
38 44 M 1.66 70 25.40282 NO NO YES YES 81 120 80 92 54 100 132 150 NO 1.1 33 
39 35 M 1.6 62 24.21875 NO NO NO YES 82 120 70 95 40 177 123 198 NO 0.8 29 
40 49 M 1.63 65 24.4646 NO NO NO YES 80 110 70 90 40 60 150 201 NO 0.7 37 
41 52 F 1.55 59 24.55775 NO YES NO NO 98 140 90 98 36 187 156 230 YES 2.9 38 
42 51 F 1.66 68 24.67702 NO NO NO NO 85 140 100 96 52 140 105 173 NO 1.8 30 
43 55 F 1.65 60 22.03857 YES NO NO NO 89 110 70 186 54 90 123 192 NO 2 26 
44 49 F 1.57 61 24.74745 NO NO NO NO 87 140 100 90 50 87 135 194 NO 1.6 33 
45 61 F 1.59 60 23.73324 NO NO NO NO 79 130 80 92 50 145 116 202 NO 1 27 
46 57 F 1.65 60 22.03857 NO NO NO NO 82 130 80 80 55 146 96 172 NO 1.5 19 
47 53 M 1.59 62 24.52435 NO NO NO NO 76 140 90 78 52 172 132 190 NO 2 30 
48 54 M 1.68 65 23.03005 NO NO YES YES 102 140 90 92 45 146 101 186 NO 1.4 25 
49 48 M 1.75 78 25.46939 NO NO NO NO 80 150 90 96 47 158 128 187 NO 1.9 36 
50 56 F 1.55 58 24.14152 NO NO NO NO 72 130 90 75 40 130 100 245 NO 1 23 
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