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ABSTRACT 

Sc.:mm uric aCId (SUA) levt:l was estimated in tifty h\!81lhy and fifty diseuse 

p3liellts to find out its correlat ion with coronary heart disea:,e (CliO) events. Among 

CHO groups these patients were diagnosed by 111 yocardial infarction, ung,iography, 

thalliUIll scan, exercise stress test (ETT) either singularly or in various combinations. A 

positive correlation has been found between elevated SUA level and CI-ID. The study has 

revealed that pat ients with CHD has raised SUA \vhich was stati stica ll y significant 

(0.036). Mean values of SUA concentration for healthy and coronary hea rt disease 

palients were found to be 298.28 ± 94.58 and 333.88 ± I 05.80, ~mollL respectively. 

A correlation of serum uric acid was also found with age, body mass index 

(BMI) and diel of CHD patients. With differenl age groups viz. 35-39,40-44,45-49 and 

50-54 years, SUA level was found 10 be 303. 12 ± 114.53,349.00 ± 113 .28.337.35 ± 

92.03 and 378.00 ± 115.61 ~tnolfl- in CHD patients which is higher respeclively than 

SUi\. level of healthy individuals in these groups. With different ranges of BMI viz .. 18-

20,21-23, 24-26 and 27-29 of heallhy and CHD paliellts, SUA level increased wilh an 

increase in BMI in both the groups. Persons with CHD (28% fatty) showed an increase in 

serum uric acid level than nomlal healthy subjects. Higher serum mic acid has been 

found in fatty (overweight) and old age peoples. Such information determine certain 

metabolites can he proven valuable in finding out the actual causes ofCHD. 
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CHAPTER # 1 

INTRODUCTION 

Serum uric acid (SUA), a product of purine metabolism, is degraded in most 

mammals by the hepatic enzyme, urate oxidase (uricase), to allantoine, which is freely 

excreted in the urine (Wu et al., 1992). SUA levels also vary significantly within humans 

as the result of factors that increased generation (such as high purine or protein diet, 

alcohol consumption, condition with high cell turnover or enzymatic defects in purine 

metabolism) or decrease excretion. A reduction in glomerular filtration rate (GFR) 

increases SUA, although a significant compensatory increase in gastrointestinal excretion 

occurs (Vaziri et al., 1995). 

The kidney excretes serum uric acid as a waste product. The kidney excretes two­

third of the uric acid produced daily; the remaining one-third is excreted in the stool. The 

exact level of SUA that is considered pathological is controversial. In recent years, it has 

been recognize that the normal ranges of serum uric acid are quite wide. Because of this 

wide range, SUA levels show day-to-day and seasonal variations in the same persons. 

Urine uric acid levels may also be used to evaluate gout or determine over secretion of 

uric acid. 
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Chapter 1 Introduction 

[ Adenosine ] Q [ InOSine ] Xanthosine ]¢=J [ GUanOSine ] 

[ Adenine ] q[ HYPOxanthine ] '----_> [ Xanthine ] ¢=J [ GUanine ] 

[ Uric acid 

Fig. 1.1 Flow sheet of uric acid biosynthesis 
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Clmpter I 

Reference values orserllnl uric aci<.l are. 

• Adult male: 2.5-7.0 mg!dl 

• J\dult femalcs .2.5-6.0 mg/dl 

,. Chihh'clI (agcs 10-18) 

• Males: 3.6-5.5 mgldl 

• Fcmales' 3.6 M 4.0 mgldl 

>- Elduly 

• Male older than 40 : 2.0-8.5 mgldl 

• Female older lhall 40 : 2.0-8.0 Olgldl 

I"troduction 

liN 416 ~ ll1ullL 

14X 157 ~ moll! 

2 14 - 327 p 1110llL 

2 14 - 237 1II1101/L 

i \8 -505 ~t moVL 

118 - 475 P onol/L 

The normal range for urinary uric acid is between 250 . 750 mg (1.5 - 4.5f t 

11101/1) ave! a 24-hour period. An devilled blood une aCid level also known as 

hyperuricemia, is seen ill 

• Gout 

• Renal di sease and renal failure 

• A lcoholi sm 

• Dehydration 

• Leukemia and lymphoma 

• Starvation 

• Metabolic acidosis 
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An overproduction of serum unc acid occurs when there is excessive cell 

breakdown and catabolism of nucleonic ac id such as seen in gout. Excess ive production 

und des tructI on of ce ll s, as Illay oCC ur in leukemia or during cancer therapy, or problems 

" ", jth SUA excretion due to renal failu re (Leal· Pinto ef af., 1999). 

1. 1 GOUT 

Serum uric aciel causes problems because human does n OI posses the enzyme to 

digest it to a so luble form . When SUA precipitates, it can calise kidney stones or gout. 

Ga Ul is problem where SUA crystals deposit in the joints, causing a painful illflammatory 

response. 

1.2 STONE FORMATION 

Like any Slone, uric ac id stones rorm when too much uric acid is present in the 

urille to remain dissolved. Uric acid stones fonn quickl y as there m C- 110 known inhibitors 

in human uri ne to cope with fl uctuation in out put. A short period of dehydration in a 

susceptible individual is enough to begin stone formation. A sudden uric acid load from 

rood can a lso prec ipitate a new stone. This means that what you eal and drink directl y 

affects your chance of developing stone. 

1.3 URIC ACID FROM FOOD 

Uric acid solubility in urine is dependent on the pH, or acidity of the urine. At a 

pH of 7.0, urine can di ssolve thousand times (he amount of uric acid than at pJ-1 5.0. Most 
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people who form frcquent uric aeid stone~ have acidic urine . Urine become acidic in 

response to diet. Fifty percent of une acid in tht: body eomes fr(lm ro"d 

1.4 CAUSE OF HYPERURrCEMJA 

Hyperuri cemia has several causes. In diseases slich as leukemia, increased cellular 

breakdown provides high levels of purine and incrcase purine turn over. Production of 

SUA as an end product of this metabolism increases. Several diuretics (thiazides) cause 

uric acid to increase in serum, either due to dehydration as more body water is lost or 

because of the blockage of the tubular secretion of uric ac id. Patients with diabeti c 

ketoac idosis, renal failure or rapid weight loss have impaired tubular secretion of uri c 

acid, leading to elevated senun level (Calbrath, 1992). 

1.5 RISK FACTOR FOR CORONARY HEART DISEASE 

Risk factor is a trail thaI predicts the risk of <.lcvdopment of clinic,illy significant 

disease within the popUlation (Brounwflld, 1971). In some case it Illny involved in the 

causation of the disease, however it require a proven epidcmiological association that is 

statisti cally valid. The risk factor concept has been developed fr0111 the famous 

Framingham studics whi ch completed fourty years follow-up and the data was presented 

by Dr. W.B. Kannel allhe American College of Cardiology (Gordon et al., 1982; Kannel 

and Schnlzkin, 1983). 

The risk fac tor concept has been extremely lIseful because it pemlits one to asses 

the importance of not only previously mentioned ri sk factor but also of genetic trait in 
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given individual such a~ family history of premature di~c3se. Thus n risk factor may be 

defined broadly (IS "uny habit or tmil thAt (;(10 be \lsed 10 predict an individual probability 

of developing that uisea!ie", A risk factor also defined may he causative Ag,~I\{ but is 110t 

nr.:ccssury une, n more limited and specific ddinition is that "a risk factor is a causative 

agent or condition thnt can be used to predict an individual probability of developing 

disease". So according to definition there are some independent predictors of risk for 

illllividuais within a population of thc incidence of atherosc lerosis. The association 

between these risk factors and incidence of coronary heart disease has been established 

by several prospective epidemiological studies in the United State and Europe. These 

studies demonstrate a consistent association among characteristics observed at one point 

in time in apparently healthy individual with the subsequent incidcnce of coronary heart 

disease in those individuals. So as a result of these associations, each characteristic has 

been tenned a risk factor for CHD, 

1.6 CORONARY HEART DISEASE 

Coromu'y heart disease is the genetic designation for a group of closely related 

syndromes resulting from an imbalance between the supply and demand of heart for 

oxygenated blood. Depending on the rate of development of the arterial narrowing and its 

ultimate severity, fOllr coronary syndromes may result: 

Angina pectoris, of which there are three variants, the most threatening being 

wlstable angina. 

2 Myocardial infarction, the most important form ofCHD. 
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1 Chronic CHD or coronary cardiomyopathy. 

4 Sudden cardiac death . which may h(" super imposed on any of the proceeding 

Iltrt:e condiliol1s (Heger el al., 1994: COl ran and Rohins . 1989: Gyton, 1(71). 

Coronary beart disease is a multi Htctorial disease wi th it!'i pathogenic roots in the 

first and second decade or lite (Goldberg, 1992). There is a li ttle doubt that coronary 

heart disease for its obviolls cl in ical heterogenei ty, belongs to the class of multi factorial 

disorder. The important clues arc to be found in Mendelian condi tions thaI confer an 

increase risk of premature heart d isease. Most of the autosomal recessive conditions nre 

relati vely rare. The hlct that r11(UlY, but not a ll. monogenetic conditioJl s with 

predisposition to coronary heart disease suggest that genes effecting the function and 

qUalllity of plasma lip ids and lipoprotein may be seen as candidate genes (Brock. 1993). 

1.7 FACTORS ASSOCIATED WITH CORONARY HEART 

DISEASE 

1.7.1 Family History of Coronary Helu·t Disease Patients & Genetics 

Studies of the fami ly history of coronary heart disease suggest that fami ly history 

is an importan t predictor for the risk of subsequent coronary heart disease (Chadha, 1998; 

Silberg I! / al., 1998). Particularl y in men, with (\ risk approx imately one and u Lle~ Ir(:llf tu 

two times greater for those with a parenta l history of coronary heart disease (Goldberg, 

1992). Framingham study subjects with a brother who developed coronary heart disease 

experi enced a doubling in coronary diseast;! risk and increased risk was not attributable to 
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shared [actors (Snowden el al., 1982). Coronary heart disease is oftell multi factorial in 

I)rigill. resulting from the interpl3Y of genetic 3nd environmental facton> (I~c-ilting and 

Sanguillt:tti.1996) 

1.7.2 AGE 

There is a marked increase in the ri sk of coronary heart di sease with increasing 

age. During the first fourteen years of fo llow-up in the Fram ingham study, among those 

found to be initially free from coronary heart disease, every eighth man 40-44 years of 

age at the time of study entry had developed some form of coronary heart disease; the 

percentage of men developing coronary heart disease increased with age to 

approximately every sixth man aged 45-49 years at entry. every fifth man aged 50-54 

years at entry. and every fourth man 55 years of the age or older at entry (Castelli and 

Leaf, 1985). In the population-based Worcester Heart Attaek sttldy. the risk of dying 

during the acute hospital phase [or those WIth <til initia l acute myocardial infarction, were 

1.1 ,2.9 and 7.5 times greater for patients 55-64 years, 65-74 years and 75 years and 

older, respectively, relative to the referent group of patient less than 55 years of age 

(Golberg er a/., 1989). 

1.7.3 SEX 

Coronary heart disease is a major health concern for both men and women. III the 

United Stale, males typically exhibit higher age. Specific incidence rates of coronary 

heart disease than women throughout life, though the difference in attack rates of 

coronary heart disease tends to nan'ow after the menopause, with coronary heart disease 
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hecoming II major cause of morbidity and mortality among wom!,)n beyond their mid-to 

lute 50" (KannelI.'I a/.. 1987). Women surrering aeute myocardial infi.uclinn are old\:'r 

than mt.:f1 (an ilvcragc 8-10 yt.:ars older) ilnd cxlllhil higher crude m hospita l case-fatality 

rules (Ficback CI 0/., 1990; Robinson el al., 1988). 

1.7..1 SMOKING 

Cigarette smoking appears 10 be the most important risk factor for CHD in 

countries ,vhere the incidence of CI-ID is higher (Kannel, 1978), The rate in smokers has 

generally been 2-3 times that of non-smokers and is dose related, wi th no evidence that 

non-inhalation or the use of filter cigarette offer any protection. Recent evidence suggests 

that passive smokers may also be at high risk. Cigarette smoking not only promotes 

premature coronary atherosclerosis but also has important effects on coagulation (Kannel. 

1987) and the sympathetic ncrvOU5 system (Winniford el aI., 1986). All of these Illay 

cont ribute to the: increas~ risk of coronary heart disease, Ex-smokers 'H'e at high risk of 

acu te corunary heart disease for alleast 15 years (Robison el al., \989) and lIpto 20 years 

after giving up smoking than people who have never smoked (Cook ef al., 1986). 

Cigf\l'eue smokers have a higher risk ofCHD than non-smokers do (Knnnel. 1981). 

1.7.5 HYl'ERTENSION 

Hypertension is a global problem, incidence varies from 10-20 % in developed 

and developing countries. The exact incidence in our country is unknown. When a person 

is said to have hypertension or high blood pressure, it is genera ll y mcan that his or her 

means arteri al pressure is greater than the upper of accepted normality. In sever 
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hypertension. the mean :lrlCrilll prCSb:un! ofiiJl1 rb:es to os high <l.S 150- 17U mill Ilg, with 

diD"itol ic presslU'c as high as 130- 150 mill 11g anti systo lic arterial pressure some time as 

great liS 2 J 0 n1m JIg, 

UevateJ blvod pressul'e either systol ic or diastolic is prl.!di!;tive or an increased 

ri sk of developing coronary heart disease (Flack and Witst, 1991). In general blood 

pressure If1 creascs with age, especially during the Iirsl SO-60 years or life. Because of the 

Increase 1(1 systolic blood pressure, the pulse pressure tends to increase (Weber e' (f/" 

1989). 

1.7.6 DIABETES MELLITUS 

Diabetics arc not only at incrcased risk of death from diabctcs but they are also at 

increased risk of' dcalh from CHO, stroke and other circu lator'y disc~lscs (Klcinman el al .. 

1988; Kannel It' 1.11., 1986) .. Diabetes melli tus is a dUlIeal syndrome char<1.cterizcd by 

hyperglyct::mia, due to dcflcicl1 cy or diminished erfecti veness of insulin (rayyaz ef al., 

I (88), and is often accompanied by lhe presence or glucose in the urine, from which the 

name of this condition is derived (QUytOll, 1971). Diabetes is a se riolls metabolic disease 

and afreets the metabolism of coronary healt di sease, pl'oteins, fats , water and electrolytes 

(Malik and BukJlari, 1995). Mosl of the pathology or diabetes mellitus ean be attributed 

to one of the foUowiog t.bTce major effects ofinsuJi.n Jack. 

I. Decrease utilization of glu(,ose by body cell with a resulting increase in blood 

glucose concentration to as high as 300-500 mg/dJ. 

In 
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2. Marked ly incrc~lsed melabotizmioll ur 1':11s from the fat s tornge nrcns, cuus ing 

abnormal rut metabolism as well us depo:-ilion of lipid:> in vascll iar walls to C:1U$C 

utht!fose lcrosi:.. Olnd 

1 Ofo!pleuou 01 protein in the tjsSIll!~ of body. 

The two major typcs of diabetes mellitus an.! insulin depelldent and non io.sulm 

dcpendeJl1 diabetes melUtus (Lipson. 1984). Insulin dependent diabetes mell itus affects 

approximately 0.3 % o f' individuals aged under 20 years. The insulin deficiency of IDOM 

is based on aUlo-inunune destruction of pancreatic is lets ~-cells (Simpson ef al., 1984). 

Non insulin dependent diabetes mellitus is associated with an increased CHD risk. 

NtDDM is characteri zed by both lllsulill resistance and B-ceJls dysfunction (Rcaven, 

! 988; Polonsky el £II., 1988). Insulin resistance is defined as a state in which glvcn 

mllollllt of insulin does not pJ'Oduce the expected biological response I.e. the lransport of 

gluco!s1: into the hody cells. They lllay lead to th~ !Serle:) of II1cl't:<lsingly severe metabolic 

abnormalities, including the development or type II di ,lbetes rnclli~us (Saud el fll., (991). 

1.7.7 OllESITY 

It is recommended that clin icians first classify patients by body mass index 

(BMI), calculated as weight in kg divided by the square of height in meters, with 

overweight delined as a BMr of 25.0 - 29.9 kg/1ll2 and obesi ty as a BMI at least 30 

kglm
2 

(Nfl-I. (998) . Obes ity juts been considered as one of the factors in the genesis of 

essenUal hypert~l1sion (Chiang el a/ .. 1969). Morbid obcslty is a s ign ificant medical 
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problem in Pakistan, affecting approximalely 45% ur men .and 65 % of women (Qadri Cl 

aI., 1996). Ohesity is associated with hypertension, slrokc, coronary ht:311 dise&e :l1Il1 

dIabetes mellitus (Bray, 1985, Vall, 1979). In men at least height appears 10 he 

independent transllll<.;~iule risk factor for c(lron:lry heart disease (Kce el fll., 1997). 

1.7.8 HYPERLIPIDEMlA 

framingham study shows a beneficial effect of increase levels ofHOL cholesterol 

with decrease ri sk of coronary heart disease in both men and women (Castell i and Leaf, 

1985). Low HDL cholesterol is a risk factor for coronary heart disease and is usua lly 

associated with increase triglyceride level (Chadha, 1998). Serum Tg level now 

recognized as an independent risk factor for CHD (Castelli, 1986). The LOL cholesterol 

level decreases, the relative risk also decreases. So LOL is often included in the 

assessment of the risk of coronary heart disease. 

High serum uric acid level is a risk factor in coronary heart disease. (Galvan el (II., 

1995). With ischemia, ATP is degraded to adenine and xanthine, and there is also 

increased generation of xanthene oxidase. The increased avaj lability of substrate 

(xanthine) and enzyme (xanthene oxidase) result in increased uric acid fonnat ion. The 

finding that ischemia resulLed in an increased serum uric acid level (Many el al. , 1996). 

Elevated SUA is associated with subjects at CHO risk may count for hyperuricemia that 

predict the development of coronary heart disease in the general population in subjects 

with hypertension and with pre·existing CHD (Tuttle el al. 2002). SUA is not an 

independent risk factor for CHD after controlling for these other risk factors, 
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Ilyperuncemia is therefore considered unless associated with g01l1 or kidney stone (Puffy 

el nl. 1981). SUA have a pathogenic role in hypertension and CIII) (n.lchard el al. 2003). 

Must epidemiological evidence suggests a significant, graded, indepelldent and specific 

.Issceiation between the level of serum lITle acid and CIfD morbidity and mortality 

(A lderm,n and Michael 2002). 

Serum lIric acid is linked to the hearl disease deaths. Peoples with high levels of 

mic acid in their blood had an increased risk of dying from heart disease. TIle presence of 

elevated SUA identifies a sign of greater ri sk of CI-ID mortality. That effect is greater in 

women than in men and considerably greater in African Americans than in whites. 

Among men, the risk was 77% higher with the highest levels compared with those with 

the lowest leve ls. til both men and women, the relationship between SUA and heart­

related deaths was only present in people aged 45 and o lder. People aged 45 to 54 who 

has high levels of SUA appeared to have the.:: highest Iisk. Increased SUA levels are 

linked to obesity, distorted cholesterol levels find high blood presSlIfc (Mercola 2000). 

Serum uric acid is not an independent risk factor for coronary hea rt di sease. There 

is much controversy concerning the role of uric aeid as an independent risk factor in the 

development of coronary heart disease because senun uric acid is related to many of the 

established etiologic risk factors for CHD. This review finds little support for an 

independent causal role fur serum uric acid in the development of coronary heart disease 

(Wannamethee 2001). Alderman (2001) also disclissed serum uric acid as a CHD risk 

factor for heart di sease. Elevated SUA is frequently found in-patients with kidney and 

13 



CHD. Reduced renal clearance of urate rc~ultcd in elevated serum unc at,;id level 

(Culleton 2001). 

Incrcase ill serum unc acid in subjects with Cf II) might lherelbrc reflect a 

compensatory mechanism to cmUller the oxidative stress that occurs in these conditions. 

However thi s docs not readily explain higher SUA level in patient with CHD arc 

generally associated with worse out come (Ames ef (II ., 1981). Hyperurit,;emia causes 

hypertension. internal vascular disease, rena l discase and vascu lar inflammation that also 

provide the 10l1g·sought pathogenic mechanism by which SUA could cause CHD in 

humans (Klein. 1973). There is relationship between raised serum uric acid and 

subsequent CHD events j,e. mortality. myocardia l infarction, stroke. Hyperuricemia was 

significantly nssociated with a twofold increased risk of both myocardial infarction and 

stroke incidence in men. However. hypcmricemia was significantly related to a double 

fisk of all mortality aDd stroke onset (Longo et nl 1999), 

It remains unclear that serum uric acid is a risk fac tor for progression in subjects 

with established renal disease. Although experimental studies suggest serum uric acid 

ncts as risk factor for progression (Tabayashi e/ al., 1991). Perez </ al. (2000) reported an 

improvement in renal function with the lowering of serum uric acid in gouty subjects, 

other have nol been able to confirm these findings. 

Serum uric acid also stimulates the production of cytokincs from leukocytes and 

chemokines from vascular smooth muscle cells. This suggests a potential role for uric 

14 



ucid or for xilOthene oxidase in mediating the systemic inOammalory response Ihat is 

linked to CHD events. f'in :1 ll y these studies may provide ,In iru. ighl into thaI serum uric 

ac id IS not always fOllllU to be an Independent risk faclor for CI ID events. 1\ rcccni sub 

analysis sho\\cd that the ct\rdlO .. prodllclion was lost in lhose lrcatt!d patients in whom 

st::nun uric acid levels increased (Franse el al. 2000). 

Fang ami Alderman (2000) discussed that SUA may not always be a risk factor 

rOf CI-ID due to the reason that beneficial ant iox idant actions of serum uric acid may 

partially coulller its potential det rimental effects. It is of interest that almost all studies 

examining the relation of SUA level with CHD events showed a J-shaped curve. 

Although it is possible thal increased risk at higher level reneets the role of serum uric 

acid in inducing vascular di sease and hypertension. 

Aging also effec ts on SUA level. Serum uric ac id is related not only to an 

increased risk of gout, but also to be an increased risk of coronary heart disease. Serum 

uric acid levels in men and women increased with advancing age, despite changes in 

drinking and in the body mass index (BMI) (KlIzuya 01 al. , 2002) . 

Association between tile SUA and coronary heart di sease is gender dependent. 

The upper serum uric aeid in the women group was associated with higher coronary heart 

disease severity than the lower serum uric acid. There is also association between age and 

CHD as senllll uric acid and other variables did not have significant independent 

association with CHD (LII el al. 2002). 

15 



Recent evidence supported a role for SUA as a true ClIO risk factor Studies need 

to be performed in humans to prove or disproved this I'ossihility heforc lowering St:nlIn 

uric acid is routincly recommended (Richard el al., 2U03) Serum uric acid found to play 

a role as risk factor in coronary heart disease. The prescnt study was therefore conduc ted 

to estab lish the cOITelatioll of serum uric acid as a ri sk factor in coronary heart di sease 

within Pakistani population. 

16 
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CHAPTER # 2 

MATERIALS AND METHODS 

Serum samples of 100 subjects were drawn and analyzed for uric acid. The 

uric acid concentrations were estimated in healthy as well as card iovascular disease 

patients. The effect of uric acid as a risk factor was analyzed in cardiovascular 

diseases. Association between age, sex, diet and BMI with uric acid was observed in 

hea lthy and cardiovascular disease patients. The conce~trations of uric acid in serum 

samples were determined with the help of enzymatic co lorimetric method . The 

complete protocol adopted was as under. 

2.1 COLLECTION OF SAMPLES 

Serum samples of 100 subjects were drawn out of 170 because of exclusion 

criteria (Table 2.1). Out of 100, fifty subjects were healthy and the remaining were 

coronary artery diseased patients. A ll the subjects were male and between the age of 

35-54 years. The duration of disease and treatment was nearly the same for all fifty 

coronary artery disease patients. Written consent was taken from each person before 

collecting the serum samples. The personal history, age, sex, diet, height, body weight 

and sa lary of subjects were recorded from the written consent. T he BM! was 

calculated as, 

Weight (kg) 
BMI = ----------------

Height (m2
) 
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Table 2.1 Inclusion and Exclusion criteria used for the selection of 

serum samples 

Inclusion Criteria Exclusion Criteria 

Established CHD Diabetes Mellitus 

Age between 35-55 Renal Disease 

Obesity (BMI>30) 

Hyperuricemia / Gout 

Hypertension 

Hyperlipedemia 

Smoker 

18 
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2.2 BIOCHEMICAL ANALYSIS OF SERUM SAMPLES 

Serum samples collected from all subjects were analyzed for serum uric acid, 

cholesterol; Tg, HDL, and LDL cholesterol using prepack enzymatic kit. All analysis 

was made automatically using blood auto analyzer. 

2.2.1 ESTIMATION OF SERUM URIC ACID 

Uric acid was estimated in the serum samples by enzymatic kit method 

(Uricase-PAP). 

I) Principal 

Uric acid is oxidized by uricase to allantoine and hydrogen peroxide, which 

under the influence of peroxidase (POD), oxidizes DCPS and 4-AP to form a red 

quinoneimine compound. 

Uricase 

POD 
Quinoneimine + 4 H20 

The quantity of this red quinoneimine formed is proportional to the uric acid 

concentration. 

II) REAGENTS 

The reagents used for the determination of uric acid are presented in Table 2.2. 
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Table 2.2 Reagents used for the determination of serum uric acid 

Reagent 1 Phosphate pH 7.4 50 mmollL 

Buffer Solution 2-4 DCPS 4 mmol/L 

Reagent 2 0 Uricase 60 U/L 

Enzyme Peroxidase 660 U/L 

Ascorbate-Oxidase 200 U/L 

4-Aminophenazone I mmollL 

Standard Uric acid so lution 6 mg/dl 
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Chapter 1 Utlleriftl.\ lIIU/I\1el/wt/., 

JII) PREI'N(ATION AND ~TABILITY 

Di~:.ol\'c lilt.: euntt.:nL'i of ant.: boule R.l, (l) tht: l,;unh:llb of" one boule buffer 

'iolution R.I Thi, wnrklllg reascnt IS c;t::lhlc fmlr weeks at 2-K I)C IU 10 JJ~~ oJt IUUI!\ 

It-nlpcralllre, when stored III J dJrk hOlllc. 

IV) PIlOCEDUIlE 

For enzymati c colorimetric lest for SCl"lllll uric acid estimation. auto-an~lyzcr 

was ~l(Uusted to zero against reagent blank at wavelength 520 nm (490-550 nm) at 

room temperature. The cuvette of lem light path was used for the analysis of each 

samplc. The auto-analyzer gave automatically final results . .Each limc cuvette was 

rinsed with dislillcd watcr and auto-analyzer was adjustcd to zero beforc each sample 

reading. Assay protocol lor the determination of uric acid level is given in Table 2.3. 

V) CALClJLATION 

Quantity of uric Ilcid wns calculated as, 

E~t saillple 

Uric acid (Illgldl) = ---------------- x COI1C. Standard (l1lg/dl) 

Ext. standard 

mg/dl "" 59,485 = ~ll1ol/L 

COliC. Standard = 6.0 11lgldl 

VI) LINEARITY 

This mcthod is "linear UPIO 25 mgldl ( 1487 ~ll1oI/L). If the uric acid 

concent ration is grcater than 25 mgldl in the serum. dilute the sample 1:2 with sal inc 

solution and repcallhe determinatioll. and multiply by 2. 
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Table 2.3 Assay protocol of uric acid in serum samples 

Blank Standard Sample 

Standard 

Sample 25,.d 

Reagent 1.0 ml 1.01111 1.0ml 

Mix, incubate 10 minute at room temperature. The co lour is stab le fo r 30 minute. 
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(;) REFERENCE VALUES 

Reference values of serum uric acid for mel! and womel! are 3.4 -7.0 Ing/dL 

(202·416 ~moIlL) :md 2.5-6.0 IllgidL (14H·357 IIIlHlI/L), respectively. Uric acid III 

serum is stable for 3-5 days when stored at 2-8 ele 

2.2.2 ESTlMA nON OF LIPID PROFILE 

A) CHOLESTEROL 

I) Principal 

Cholesterol esterase 
Cholesterol ester + l-hO ------+11 Cholesterol + Fatly aeid 

Cholesterol oxidase 
Cholesterol + O2 ------+11 Choleslene-4-en-one + 1-120 2 

Peroxidase 
1-120 2 + 4-Aminophenazone + Phenol ------+11 Quinonimine + H20 

II) Reagents 

Phosphate buffer (pH 6.5) 100 mlllel/L 

4 Aminophcnazone 0.4 Olllloi/L 

Phenol 5 mmollL 

Peroxidase 1250 U/L 

Cholesterol esterase 300 UlL 

Cholesterol oxidase 300 UlL 

nI) Standard 

Cholesterol sol. 200 IllgidL 
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IV) Melhod 

For cnzymatlc colorimeh ic lest for cholesterol estimation, ~\ltlo analyzer \\'3S 

se t at wave length 546 nm, adjusted to lera :Jgainst reagent blank al 37 or. 10 pi 

of serllm ilnd 1,0 rnl of reagent were mixed and incubated for fi,,!! rllinutcs at 37 

"'C and concentration was measured. The auto ana lyzer automatically gave final 

result s of cllOlesterol concentration. 

11) TRIGLYCERIDE (Tg) 

I) Pril1cip:'ll 

Lipoprotein lipase 
Trlglycerides + l-bO .. G lycerol + Fatty acid 

Glycerokinasc 
Glycerol + A TP -------+.. Glycerol-)-Phosph3le + AD? 

Glycerol phosphate oxidase 
Glycerol-3-Phosphnte + 02 .. Dihydroxyacetone phosphate + 

II) Rc:.agents 

Reagent I B-1 (Buffer) 

PIPES buffer (pH 7.5) 

4-Chlorophenol 

Magnesium ions 

ATP 

Lipase 

Peroxidase 

Glycerol kinase 

Sodium azide 

11,0, 
Perox idase 

-------+.. Quinonilllillc + I hO + Hel 
I 4-chloroPhenol 

50 mmollL 

5 mmollL 

5 mmollL 

I mmollL 

'" 1.0 U/ml 

~ 0_5 U/ml 

'" 0.4 U/ml 

0.05 % 
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Reagent /R-2 (Enzyme Reagent) 

4-Alniophenazone 

Glycero l·3·phosphate oxidase 

Sodium az ide 

nl) Method 

Afoterials and M ethods 

2" 0.13 mOlol/1 

" 1.5 Ulrnl 

0095% 

For enzymatic colorimetric test for triglyceride estimati on, auto analyzer was 

set at wave length 546 om, adjusted to zero against reagent blank at 37°C. 10 pi 

of se rum and 1.0 ml of reagent werc mixed and incubated for five minutes at 37 

°C and concentration was measured. The auto analyzer automatically gave final 

resu lts of trig lyceride concentration. 

C) HDL CHOLESTEROL 

1) Reagents 

R- I Prccillitation Reagenf (250 mil 

Phosphotungstic acid 

Magnesium chloride 

1. 14 mmollL 

8.6 mlllo l/L 

R-2 Renction solutioll for cholesterol determination 

Phosphate buffer (pH 6.5) 100 mmol/L 

4-Aminophenazone OA mmollL 

Phenol 5 mmollL 

Peroxidase 1250 UlL 

Cholesterol esterase 300 U/L 

Cholesterol oxidase 300 UIL 
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CIWI'ICr J Mltltlrials all/I ItfellwlLr 

R-3 Stancbrcl 

Cholestero l stand"rd solution :'i0 IIlg/dl 

1/) ~Ic'hod 

I ml of pn::cipitant rcagent ami SOO It! of 5erUrn were pipeucd into a tcst tube 

tilHI mixed well j incubated for 10 minutes at room temperature . The sample was 

cenlrifuged al 10000 g for 2 minutes. After thi s pure supernatant was separated 

;.111<1 lIsed for HOI.. cholesterol determinat ion. 

For enzymatic colorimetric test for HOL cholestc(o\ estimation, auto analyze.! 

was set at wave length 546 nm, adj usted to ze ro against reagent blank at 37°C. 

100 ~I ofl-IOL supernatant and 1.0 1111 afreagent were mixed and incubated for 

five minutes at 37°C and concentration was measured. The aula analyzer 

automatically gave final resu lts of HOL cholestero l concentration, 

Dj LDL CHOLESTEROL 

LDL concentration was ca lcul ated from the tol31 cholestero l concen tration (TC) 

by II sing the following formula, 

LOL-Cholesterol = Total Cholcsterol - HDLMC ho\eslerol - Tg 

STATISTICAL ANALYSIS 

The stati stical analysis carried out for this study includes percentage, mean, 

standard error, variance. standard deviation and tMlest by llsing Social sciences 

software package (SPSS 8.0 and SPSS 10.0). The sign ificance value was calculated 

by applying paired sample H est analysis. 
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CHAPTER # 3 

RESULTS 

A total of 100 subjects were studied during the research work. All the subjects were male 

and of age between 35-55 years. There were 50 normal healthy subjects and 50 were card iac 

patients of same age and sex. Normal subj ects were not cardiac, hypertensive and diabetic 

patients while others are pure coronary heart disease patients. The coronary heart disease patients 

were diagnosed by cardiologist with the help of angiography, thallium scan, ETT or history of 

myocardial infarction (Fig. 3. 1). which shows that among CHD patients, the incidence of 

myocardial infarction (MI) was 16 %, angiography 36%, EIT / thallium 16%, thallium 8%, ETT 

/ angiography 2%, MI / angiography 12%, MI / thallium 2% and EIT 8% while among healthy 

group ETT was found to 94% and EIT / thallium was 6%. 

Different characteristics including various risk factors and eating habits were also 

studied. A comparison was also made between dietary habits of healthy and coronary heart 

disease individuals . Fig. 3.2 describes among healthy individuals, 16% were fatty, 44 % 

vegetarian and 40 % were mixed while among coronary artery disease persons, 28% were fatty, 

32% vegetarian and 40% were found to be mixed individuals 

The mean ± SD values for age, body mass index (BMI), dietary habits, lipid profile and 

uric acid is presented in Table 3.1, whereas the data of uric acid concentration in fifty healthy and 

coronary heart disease patients is given in Table 3.2. Mean ± SO values of uric acid concentration 

for healthy and disease patients were found to be 298.28 ± 94.58 and 333.88 ± 105.80, 

respectively. 
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Fig. 3.1 
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Chapter 3 Results 

Table 3.1 Mean ± SD values of general characteristics (age, BMI, dietary habits 

and uric acid) for healthy and disease groups 

S.No. Types of variables Group I Group II 

1 Total numbers 50 50 

2 • Age 42.40 ± 5.38 44.26 ± 4.94 

3 Sex All male 

4 Dietary habits 

Fatty 16 % 28 % 

Veg. 44% 32% 

Mixed 40% 40% 

5 BMI (kg/ml) 24.24 ± 2.42 24.67 ± 2.82 

6 Uric acid (Jlmol/L) 298.28 ± 94.58 333 .88 ± 105.80 

Group I = Healthy group 

Group II = CHD group 
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Table 3.2 

Results 

Uric acid concentrations (/-lmoIlL) in healthy and coronary heart 

disease patients 

Number of 
subjects 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Group I 

285 .00 
4 19.00 
373.00 
401.00 
201.00 
425 .00 
199.00 
377.00 
253.00 
253 .00 
177.00 
289.00 
199.00 
275 .00 
501.00 
311.00 
301.00 
179.00 
299.00 
377.00 
333.00 
387.00 
155.00 
169.00 
195.00 
263 .00 
423.00 
257.00 
305.00 
244.00 
371.00 
299.00 
421.00 
167.00 
250.00 

Group II 

420.00 
390.00 
38l.00 
510.00 
159.00 
179.00 
277.00 
477.00 
377.00 
303.00 
2 19.00 
299.00 
27 l.00 
503.00 
30 l.00 
279.00 
427.00 
297.00 
333.00 
233 .00 
275.00 
397.00 
211.00 
511.00 
2 18.00 
277.00 
339.00 
297.00 
419.00 
211.00 
399.00 
553.00 
277.00 
201.00 
499.00 

Continued . ... . . ... . 
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Number of 
subjects 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

Mean± SO 

Group I Group II 

300.00 200.00 
197.00 423.00 
416.00 2 14.00 
291.00 416.00 
251.00 299.00 
233.00 263.00 
513.00 399.00 
401.00 511.00 
304.00 201.00 
200.00 210.00 
287.00 299.00 
158.00 403.00 
300.00 499.00 
241.00 351.00 
489.00 287.00 

298 .28 ± 94.58 333.88± 105.80 

Group I == Healthy individuals 

Group II == CAD patients 

Significance value == 0.036 

Results 

32 



Chapter 3 

Table 3.5 

Results 

Uric acid correlation with different age groups of healthy and 

coronary artery disease patients 

Age groups 

(Years) 

35-39 

40-44 

45 -49 

50-54 

Uric acid concentration (J.1mollL) 

Healthy individuals CAD individuals 

268.26 ± 81.40 

298.30 ± 84.60 

313.90 ± 91.11 

350.00 ± 129 .66 

303.12± 114.53 

349.00 ± 113.28 

337.35 ± 92.03 

378.00 ± 115.61 
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3.1.2 lIric :1cid cOI' relation wi th BMl 

Uric acid level wns determined in four different ranges of OMI viz. 18·20, 21·21, 24-26 

nnd 27·29 III healthy as well as coronary artery disea:;c.; patiellt .. (Table 3.6; Figure 3.4). 

3.1.3 Ul'ic :U'irt correlation with cOlollal,), artcry d iseasc (CAD) 

Uric acid level was detenni ned in coronary artery disease patients as well as healthy 

indiv idunls. A corrclation of SUA was found in CHO patients. Serum uric acid level was highcr 

in CHD patients tha n hca lthy subjects (Fig. 3.3-3 .4). 
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Table 3.6 

BMI 

18-20 

21-23 

24-26 

27-29 

Results 

Uric acid correlation with BMI of healthy and coronary heart 

disease patients 

Uric acid concentration (~mollL) 

Healthy individuals 

278.60 ± 91.94 

338.27 ± 95.90 

261.80 ± 85.77 

330.66 ± 89.37 

CAD individuals 

336.00 ± 110.91 

340.66 ± 115.07 

303.77 ± 104.87 

372.72 ± 90.00 
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3.2 Estimation of lipid profile 

The concentrations of cholesterol, triglyceride, HDL and LDL were estimated in serum 

samples of both groups. The mean ± SD values of cholesterol, Tg, HDL and LDL were normal in 

both the groups (Healthy and CHD sUbjects) and given in Table 3.7. 

Table 3.7 Lipid profile of healthy and coronary heart disease patients 

Normal Values 
Mean± SD 

Lipid Profile 
(mg/dl) Healthy individuals CHD patients 

Cholesterol 150-200 175 .20 ± 19.17 180.25 ± 18.10 

Triglyceride (Tg) upto 200 123.60 ± 25.09 129.13 ± 26.04 

HDL Cholesterol 25-5 0 44.46 ± 4.04 4l.20 ± 3.64 

LDL Cholesterol upto 180 105.68 ± 16.39 110.23 ± 15.06 
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CHAPTER # 4 

DISCUSSIO 

The present study was aimed for the determination of serum uric acid level in 

healthy and coronary heart disease patients and to find out correlation between SUA and 

CHD. A correlation between SUA and CHD was made by comparing the serum uric acid 

values of healthy and coronary heart disease patients. Out of 100 male subjects aged 

between 35-55 years, 50 were normal healthy subjects and 50 were cardiac patients. The 

coronary heart disease patients were diagnosed by cardiologist with the help of 

angiography, thallium scan, exercise stress test (ETT) and myocardial infarction. 

Different characteristics including various risk factor and eating habits were also studied. 

Among healthy individuals, 16% were fatty, 44 % vegetarian and 40 % were mixed while 

among coronary heart disease patients, 28% were fatty, 32% vegetarian and 40% were 

found to be mixed individuals. 

The mean ± SD values of age for healthy and disease patients were 42.40 ± 5.38 

and 44.26 ± 4.94. There was no significance difference between mean ± SD of age, 

height, weight and BMI of healthy and CHD patients, thus their effects were considered 

negligible on CHD events and only SUA was found to be a major risk factor in 

developing CHD. Thus serum uric acid may be an independent risk factor and have 

positive correlation with CHD. Other factors like age, weight, height, BM and dietary 

habits thus not considered as risk for CHD in the present study. 
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There was found <I positive correlation between elevated serum uric acid level and 

coronary heart diseases. Epidemiological studied suggested that there is an association 

between SUA and CHO (Klein ('1 aJ., 1973; Persky CI 01., 1979; Beard, 1983; Frt:eu lHun 

et al. , 1995 and Wannamethee ct al., 1997), Culleton et al. reported in 1999 data from 

the Framingham stl\dy concerning the role of SUA as an independent risk factor in CHO. 

An epidemiological link between elevated SUA and an increased Cl-lD risk has been 

recognized for many years (Kolrn and Prozan, 1959; Beard, 1983). Observational studies 

showed that SUA concentrations are higher in patients with established CHD compared 

with healthy controls (Torun et al., 1998). The association between these risk factors and 

incidence of CHO has been established by several prospective epidemiological studies in 

the United State and Europe. These studies demonstrate a consistent association among 

characteristics observed at one point in time in apparently healthy individual with the 

subsequent incident;e nf enD in those indivi<.lunls. So us fl result o f these associations, 

each characteristic has bcen temlcd a risk factor for CHD. High SUA level is a risk fac lor 

in CHO (Galvan et al' l 1995). The issue of whether SUA is an independent predictor of 

mortality in patients with CHD or only represen ts an indirect marker of adverse out 

come, by reflecting the association between SUA and other CHD risk factor, is a mater of 

controversy (Freedman et af., 1995; Wannamethee et aI., 1997; fang and Alderman, 

2000). The study was therefore conducted to establish a correlation between serum uric 

acid and CHD. 
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Mean ± SO values of uric acid concentrat ion for healthy and CHO patients were 

found 10 be 298.28 ± 94.58 and 333.88 ± 105.80, ftmollL respectively which showed Ihe 

jncrease in SUA level in CHO events. In experimental and in vitro systems, SUA 

appeared to have the ability to induce inflammatory and vascular mechan isms that 

contribute to rather than protect against the developme-nt of CHD (Richard el al., 2003). 

In CHD patients SUA levels < 303 ~mollL (5.1 mg/dl) compared with Ihose of SUM 

levels> 433 ~lmoVL (7.1 mg/dl), the mortality rate was increased from 3.4% to 17.1% 

(five-fold increase). SUA was found to be an independent predictor of mortality in 

patients with angiographica lly proven CHD (Christoph el al., 2002) . 

Elevated serum uric acid is associated with subjects at CHD risk may count for 

hyperuricemia that predict the development of CHD in the general population in subjects 

\Vitll hypertension and with pre-existing CHD (Tuttle el a/. 2002). SUA is not an 

independent risk factor for CHO after controlling for these other risk factors . 

Hyperuricemia is therefore considered lUlless associated with gout or kidney stone (Duffy 

el a/. 1981). SUA has a palhogenic role in hypertension and CHD (Richard el a/. 2003). 

Most epidemiological evidence suggests a significant, graded, independent and specific 

association between the level of SUA and CHD morbidity and mortality (Alderman and 

Michael 2002). 

Serum uric ac id is linked to the heart disease deaths. peq~ high levels of 

uric acid in their blood had an increased risk of dying from heart disease. The presence of 
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elevAted uric acid identifies a ~ign of greater ri sk of CHD mortality. That effect is greater 

ill women than In men and considerably greater ill Afi'jean Atl1erictllls than in whites. 

Among mt;;n, the risk was 77% higher with the highest levels compared with those with 

the lowesl le\lels. In both men and women. the relationship between SUA ~md heat1-

related deaths was only present in people aged 4S and older. People aged 45 to 54 who 

has high levels of uric acid appeared to have the highest risk. Increased SUA levcls arc 

linked to obesity) distorted cholesterol levels and high blood pressure (Mercola 2000). 

Increase in serum uric acid ill subjects with CHD might therefore reflect a 

compensatory mechanism to counter the oxidative stress that occurs in these conditions. 

However this does not readily explain higher SUA level in patient with CHD are 

generall y associated with worse out come (Ames e( al. ) 1981). 

St!fUnl unc "cid is nut 1111 independent risk factor lor CHO. There is much 

conlrovcrsy concerning the role of SUA as an independent rb:;k fac tor in the developmenl 

of coronary heart disease because SUA is related to many of the established etiologic risk 

factors for CHO. This review finds little support for an independent causal role for senIm 

uric acid in the development ofCHD (Wannamethee 2001). 

Serum uric acid correlation was made among age, body mass index (BMl) and 

dietary habits of both the groups. SUA level was determined in four different age groups 

from 35-55 years in healthy as well as CHD patients. SUA level was found to be 303.12, 

349.00,337.35 and 378.00 ~ll1lollL in four different age groups viz. 35-39, 40-44, 45-49 
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and 50·54 years of CliO patient~ which was highcr than SUA level of hcalthy individuals 

in these groups. SUA level w"' found 10 he 26R.26. 29R.10, 111.90 and 350.00 ~moill. in 

35·19,40-44,45-49 and 50-54 years age groups of healthy Individuals. JI was also found 

that SUA level was increased with an increase in age in both the healthy as wel l as CHD 

patients. Lowest SUA level was found to be in 35-39 years of age group (first quartile) in 

both the healthy as well as CHD patients while highest SUA concentration was found to 

be in 50-54 years of age group (fourth quartile) of both healthy and CHD pat ienls (Table 

3.5). There is a marked increase in the risk of CHD with increasing age, Every eighth 

man 40·44 years of age have some fon11 of CHD; the percentage of men developing CHD 

increased with age to approximately every sixth man aged 45-49 years, every fLfth man 

aged 50-54 years, and every fourth man 55 years of the age or older (Castelli and Leaf, 

1985). 

It is recommended that clinicians first classify patients by body mass illdex 

(13M I). calculated as weight in Kg divided by the square of height in meters. with 

ovet'wcight defined as a BMI of 25.0 - 29,9 Kglm2 and obesity as a BMI at least 30 

Kg/m' (NfH, 1998). Obesity is associated with CI-ID, hypertension, stroke and diabetes 

mellitus (Bray, 1985; Van, 1979). In men at least height appears to be independent 

transmissible risk factor for CHD (Kee ef a/,. 1997). SUA level was detennined in four 

different ranges of BMI viz. 18-20,21 -23,24-26 and 27-29 in healthy as wel l as CHO 

patients, It was found that SUA level jncreased with an increase in BMF in both the 

healthy as well as CHD patients, Lowest SUA was found to be in third quartile (BMl, 24· 

26 Kg/Ill') in both the healtllY as well as CHO patients (Table 3.6) while highest SUA 
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was found tn overweight persons (fourth quartile) (27-29 Kg/m' BMI) having CI ID (Fig. 

3.4). SUA level was found to he 336.00, 14066, 103.77 and 372.72 ~mol/L in CliO 

patients of 18-20,21-23, 24-26 and 27-29 Kg/OJ' of [lMI which was higher than the S1 1A 

level ofheallhy individuals in the r.'pcclive groups (Table 3.6). SUA level was found 10 

bo 278.60, 338.27, 261.80 and 330.66 )11ll011L in healthy individuals of 18-20, 21-23, 24-

26 and 27-29 Kglrn'l of BMI. A consistent positive association between BMI and SUA 

was reported in several previous popu lation studies (Goldbourt el a1" 1980; Okada er al., 

1980; Prior et al'J 1966). Our data also indicates a strong association between BMI and 

SUA. These findings are in line of those of Ying el al., J 997 who reported a strong 

correlat ion between SUA and BMI. In addit ion a significant relationship between weight 

loss and diet or exercise and decrease in SUA was rcported by Nicholls and Scoot, 1972. 

AJI these data ind icate that BMI has an important innuence on SUA level. 

Dit:tury habits of !:iUbjccts played an important role in the development of CHD 

and subsequent elevation of SUA. Persons with CHD (28% fatty) showed an Increase in 

SUA level tl,an normal healthy subj ects. Fally patients (overweight) had higher SUA and 

developed higher CHD chances than normal subjects. The association between SUA and 

other variables, independent of BMI, pose intriguing questions as to metabolic 

interrelationships and factors possibility accounting for tilem, envirolUnental (e.g. dietary) 

and genetic. Diet played an important role in subsequent CHD fonnation (Tuomilehto et 

aI. , 198H; Okada et aI., 1980). Individual who consume a healthier diet might easi ly be 

assumed to smokeless. drink less, exercise more and bave a more favorable BMI (Miguel 

el al., 1998). 
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Body Mass Index Chart 

Directions: Find your weight in pounds or kilograms at along the top. Find your height 
ulong the len . Your BMI is where they intersect. This chart does not apply athletes , 
chllclren Gild pregnant or lactating women. 

WEIOIIT Ihs 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 IM5 190 195 ~()O 205 210 215 

~1!8 455 47 7 50 0 52,3 54.5 56.8 59.1 IJ 1.4 63.6 65 .9 68.2 70.5 72.7 75 .0 77.3 79.5 H 1.8 R4 I H6.4 HH I> 'i0.9 93.2 95.5 97 7 

HEIGHT 
11I/~11I 

6'0" - 16204 27 28 29 

5'1" - 164.9 28 

6'2" - 167.4 

6'3" - 160.0 

6'4" - 162.6 

6'5" - 165.1 

5'6" - 167.6 

5'7" - 170.1 

5'8" - 172.7 

5'9" - 175.2 

5'10" - 177.8 

5'11" -180.3 

6'0" - 182.8 

6'3" - 190.5 

6'4" - 193.0 

=0=:-:: 

Underweight (BMI less than 18.5) 

Healthy weight (BMI 18.5 to 24.9) 

Overweight (BMI 25 to 29.9) 

• Obese (BMI 30 to 39.9) 

• Extremely obese (BMI 40 and above) 

27 

26 27 

26 27 

26 27 

26 27 

26 27 28 

27 28 

27 28 

26 27 

26 27 27 28 29 

26 27 27 28 

25 26 27 27 

25 26 26 

24 25 25 26 


