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ABSTRACT

Reference values are very important in clinical management of patients,
screening participants for enrolment into clinical trials and for monitoring the
onset of adverse events during these trials. Theoaiitme studywas to establish
reference ranges for biochemical and hematological parameters for the

population of Bangladesh

A total of 758 adults between 18 and 65 yemparently healthy members of the
Bangladeshi population included Dhaka, Chittagong, RajshahKanlna were
selected ancenrolled in this Prospective studis reference individuals who
fulfill the CLSI selection criteriaQut of the 758 participants recruited for the
study, only 730 were involved in the study, 436(59.726%) males and
295(40.274%) fenales.

Reference range®or twenty biochemical and fifteehematologicalanalytes

were constructed by using the non parametric methods to estimate 2.5 and 97.5
percentiles of distributiorPartitioning of the data were performed for taex
groups (malesand females) and two age groufes$ than forty years and more

than forty yearg when applicable.

The reference ranges ftre biochemicalanalytes were found fdfasting blood
glucose [4.0 -6.1 mmol/l; Creatinine [ males 0.761.37 mg/dl, females 0.52
- 1.08 mg/dl]; Ureathe males 1338.3 mg/dl, the females 10:534 mg/dl,
];Uric acid [ males 3.48 7.5 mg/dl, females 2.56.41mg/d];Serum sodium [
males 134.8 145 mmol/L, females 134.8142mmol/l;Serum potassiurf.4 -
5.0mmol/L]; Serum chloride[ 99 108 mmol/L]; Serum calcium 2.2 - 2.65
mmol/L]; Serum mgnesium [ 0.75- 1.05 mmol/L]; Serum Inorganic
phosphatEeombined(0.8 - 1.59 mmol/L]; Serum Cholesterol[ 122 - 249
mg/dl, less than 40 years old subjetdd.4- 240 mg/dl ad more han 40 years
old subjects 117270 mg/dl]; Serum HDLCholestero[males 24 52 mg/dlI,

Xiv



amino Transferas€AST) andAlkaline phosphatas€ALP) and hematological
parameters RBC, hemoglobin , HCT, MCH, MCHC, MCV and platelets are
finally significant for sex difference. The study also showed reference ranges for
all hematology parameters anadlly not significant for age difference only
urea, creatinine and lipid profile are finally significant for age difference in
biochemistry parameters.

In conclusion, the findings of this study provide sex and age specific reference
range values for lathy adults population in Bangladesh. Reference ranges in
the study some of which were different from those reported in literature.
Reference values established by this study could have paramount importance for
quality of health care in the clinical mageanent of patients-urther nationwide

study where included large sample volume should be carried out to establish the
biochemical and hematological reference values of the Bangladeshi population

as a whole.

XVi
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INTRODUCTION

1.1 Reference Intervals

Reference intervals or reference ranges are one of the most widely used clinical
decision making tools. They can simply be described as a odingst values that

are considered to be acceptable for a healthy populasgecifically reference
intervals (RIs) are estimates that provide the limits within which a test result is
considered normal and the aff at which the result is considerednabmal?.
Typically the limits are defined by the range of values that 95% of the reference
sample falls between. In this case 2.5% of the reference sample will have test
values that fall below the lower limit and 2.5% will have values that exceed the

uppe limit 2.

RIs may be applied to a variety of different tests and most commonly the
measurement of biochemical and hematological markers in bodily ffuids
Usually these values are health associated and used in a diagnostic or treatment

process but thegan also be used to reflect physiological states such as pregnancy
5

In the practice of medical laboratory, a measured or observed laboratory test for
an individual is compared with a RI for the purpose of making medical decisions
® | D SDW radyWwdlue fallb auiside of the recommended interval, the
result is flagged for further examinatiorThus the use of Rls is known to be a
comparativedecision making procesd This decision making process often
influences physician decisions regardihgspital admittance and discharge,

treatment initiation, treatment cessation and treatment monitbring
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iBheotstatitarthedetmtalrasfga itéseibnoemalngdr éoueniparityfacan€mirastiamglyis
thedictdicd die@retioction noterabbapliesrihahobralis afynalwgnafs avidgfdrealtley
grotnarfalles®o, iAlsuch thessy thefiritBits ohthe tidieresamiphplictiensillvidestess
treculaerigwardinmtesfintimge Rial, ard] 5% esehetisund wilbbardmgavidramebearch
ubpeR it of ik iDteh@l, Whétdval/thie bR tributibhl f thes@ e DOXHV Y] DW W

Rededismes siangefscahablidegingiverminy |l dpgacifigitieferanee sahetsvess reéirred
esstareth@hchispesRedatidén dotineatang ed fptilatibrie ih atd rah dredeeasioecibie € liaical
Sthedusthyrefdfe@e. raiie ganeraly depetes beganeaninotiecittigy andieiikslsf or
reitoonimanyldttmsnfaoRdlitete than aliettthafieets inéeraatesatiyipgiégmolished.
eyshawaesifikeysee e stpbivithetheuSing cakardncabayedaps Stemddrealtmstitute
(OpSatiBoth yrdupsehascnvetirked siepamadehalamdriggsthaotonatovialeettemdational
gaidetinessfushalp racess at etey miomgeRis arsthgréhmrgemaiahagneeirsnt as to
#pEprpppare @sceniumErydhe catidentedatiensalof tieserngalidelite peaipe atho
hrestbLii e ré csilandaddti pnatoey stitidainettenti@srmienvain  requirements necessary
for determination of a reliable RI When calculating RIs it is important to follow
WKHVH g&( LGHOL &bhyéﬂer?(‘,%é?/rﬁreﬁ\%lsﬁ Qe@rDrecognized by the

1.2 History and Concept o
|nst|tut|ons that there are instances where the requirements are hard to fulfill,

paRIcOREEPMOFpiRMNe BRIIBS WS introduced in 1969 by Grasbeck and Saris to

describe fluctuations of blood analytencentrations in weltharacterized groups
These recommendations have been widely adopted, but the concepts of rgfgrence

values ad reference intervals are not static, and they are still changing, even the
fundamental ideas are kept as basis for further developments. Thus;eHaHﬁl;(t’

in 2000 presented a ’

831HHG IRU UHYLVLWLQJ WKH FRQFHSW RI UHIHUHQFF
more practical recommendations regarding systematic errors and transfetabfiity, 1 ZD
regarding the reference population, regarding statistical methods used, re@&%‘ﬁi‘?@

reference andecision limits and the question about which percentiles to be &faat
ase for

biologicd data . The epidemiological definition of normal implies that if a value
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condition (iii) evaluate response to a treatment (iv) monitor the course of a

disease over time (v) admission aaharge of patients and (vi) legal issues

These results are compared with normal values from a healthy population based
on analyzed results which are based on normal distribution that fall at 95% of all
values of normal population (Solberg, 1986). Tlaugs are established as per

age and sex. Most categories included males, females adult and older adults .

Most of the reference range values found in literatures are established in Europe,
and American populations which may not applicable on Banglagesgihilation

to aid decisiormaking regarding clinical diagnosis and treatment.

1.6 Concept of health and normality

Ralph Grasbeck gives a personal historical view of the evolution of the reference
value concept which he developed together with Professor Saris back in 1969.
Introducing the philosophy of reference values was a long process, since the
profession was satisfied with the traditional idea of normal values, and Grasbeck
describes how they had to adnhiat health is a relative thing, and that a person
may be ill from one point of view and well from another. He also points to the
fact, that the field of reference values is only one part of laboratory medicine,
where tests also should be evaluated in r@speother qualities like their clinical

utility. Grasbeck ends his contribution by telling that he is glad that the

seed they planted gave such an unexpected harvest. Claude Petit Clerc, another
key-person from the IFC&ommittee on reference valuesléss optimistic, as

MWKH WHUP SUHIHUHQFH YDOXHV™ LV ZH® Be LPSOHPFH
GLVFXVVHV *QRUPDOLW\" LQ UHODWLRQ WR GLIIHUH
pragmatic approach to preventive medicine, and further, the challenges dae to t
demands from clinicians to keep reference values constant over time and

geography, ending with the need for individual reference intervals. Ritchie and
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1.8.1.1Glucose®

Glucose is the primary energy source for the human body. After absorption,the
metabolism of all hexoses proceeds according to the body's requirements. The
concentration of glucose in the blood is regulated by a complex interplay of
multiple pathways, modulated by several hormones. Glycogenesis is the name for
the conversion of gluse to glycogen, the most important storage polysaccharide

in liver and muscle. The reverse process, namely the breakdown of glycogen to
glucose and other intermediate products, is termed glycogenolysis. The formation
of glucose from noncarbohydrate sowcesuch as amino acids, glycerol, or
lactate, is termed gluconeogenesis. The conversion of glucose or other hexoses

into lactate or pyruvate is called glycolysis.

Blood glucose measurement is used as a screening test for diabetes mellitus,
where there issuspected hyperglycemia, monitoring of therapy in diabetes
mellitus, evaluation of carbohydrate metabolism, for example in gestational
GLDEHWHY DFXWH KHSDWLWLY DFXWHe&EaHUHDW LW
glucose levels (hypoglycemia) may resulorfr excessive insulin therapy or

various liver diseases.

1.8.1.2 Creatinine®

Creatinine is the cyclic anhydride of creatinine that is produced as the final
product of decomposition of phosphocreatine. It is excreted in the urine;
measurements of plasngeeatinine and its renal clearance are used as diagnostic
indicators of kidney function. Creatine is synthesized in the (1) kidneys, (2) liver,
and (3) pancreas by two enzymatically mediated reactions. Creatine is then
transported in the blood to other args, such as muscle and brain, where it is
phosphorylated to phosphocreatine, a high energy compound.

Measurements of creatinine are used in the diagnosis and treatment of renal

disease and useful in the evaluation of kidney glomerular function and in

10
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monitoring renal dialysis. Increased Creatinine levels indicate impaired kidney
function. A serum creatinine level that would usually be considered normal does

not rule out the presence of impaired renal function.

1.8.13 Urea™

Urea is the major nitrogrecontaining metabolic product of protein catabolism in
humans, accounting for more than 75% of the nonprotein nitrogen eventually
excreted. The biosynthesis of urea from amino acid nitrolgeived ammonia is
carried out exclusively by hepatic enzymedled urea cycle. More than 90% of
urea is excreted through the kidneys, with losses through the gastmoaiteatt

and skin accountinghost of the remaining minor fraction. Consequently, kidney

disease is associated with accumulation of urea in blood.

Urea levels may be elevated due to renal causes such as acute glomerulonephritis,
chronic nephritis, polycystic kidney, tubular necrosis and nephrosclerosis. Blood
urea concentration is determined by renal perfusion, urea synthesis rate, and
glomerular fitration rate (GFR) and may be increased in acute renal failure,
chronic renal failure. In dialysis patients the urea concentration is representative
of protein degradation and is also an indicator of metabolic status. Serum Urea
determinations are frequéntperformed together in the differential diagnosis of

kidney function.

1.814 Uric acid®

In humans, uric acid is the major product of the catabolism of the purine
nucleosides adenosine and guanosiperines from catabolism of dietary nucleic

acid are converted to uric acid directly.

Abnormal levels may be indicative of a disorder in the metabolism of these
substances. Hyperuricemia may be observed in renal dysfunction, gout, leukemia,
polycythemia, atherosclerosis, diabetes, hypothyroidism, or in some genetic
GLVHDVHY 'HFUHDVHG OHYHOV DUH SUHVHQW LQ SDW

11
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Together, sodium and chloride represent the majority of the osmotically active
constituats of plasma. Chloride ions in food are almost completely absorbed

from the intestinal tract.

Low levels ofChlorideare observed in the case of prolonged vomiting, metabolic
acidosis. Elevated levels of chloride it may causes prolong diarrhea anidssith

of sodium bicarbonate and renal tubular disease.

1.818 Calcium™®

Calcium is the fifth most common element in the body and the most prevalent
cation. The skeleton contains 99% of the body's calcium, In blood, virtually all of
the calcium is in th plasma, which has a mean normal calcium concentration of
approximately 9.5 mg/dL (2.38 mmol/Lgalcium concentration, is characterized

by a high physiological variation, depending on age, sex, physiological state (e.g.
pregnancy), and even season (owimghe seasonal variation of vitamin D, which

is directly involved in the regulation of calcium concentration).

The majority of calcium in the body is present in bones. The remainder of the
calcium is in serum and has various functions. For example, calcium ions
decrease neuromuscular excitability, participate in blood coagulation, and
activate some enzymes. Hypdosamia can result from hyperparathyroidism,
hypervitaminosis D, multiple myeloma, and some neoplastic diseases of bone.
Longterm lithium therapy has been reported to cause hyperparathyroidism in
some individuals, with resulting hypercalcemia. Hypocalceoaia result from

hypoparathyroidism, steatorrhea, nephrosis, nephritis, and pancreatitis.

1.8.19 Magnesiunt>®

Magnesium is the fourth most abundant catiothe body. Approximately 55%
of the total body magnesium is in the divalent skeleton and 45% is intracellular

where it is the most prevalent cation. About 55% of plasma magnesium is free.

13
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PTH excess; increased excretion such as occurs in secondary PTH excess, post
renal transplant and 4feedirg starved patients; and from redistribution of
phosphate e.g. hyperalimentation, recovery from diabetic ketoacidosis and
respitatory alkalosis.

Hyperphosphataemia is caused by increased intake such as occurs in intravenous
therapy and phosphate enemas;ucedl excretion such as occurs in acute and
chronic renal failure, low PTH or resistance to PTH and vitamin D toxicity; and
redistribution of phosphate that occurs in tumourlysis, rhabdomyolysis and heat

stroke.

1.81.11 Cholesterof*

Cholesterol is found almost exclusively in animals and is a key membrane
component of all cells. Various biochemical pathways related to cholesterol, such

as vitamin D, steroid hormones and bile acid biosynthetic pathways.

Serum cholesterol is elevated the hereditary hyperlipoproteinemias and in
various other metabolic diseases. Modetatmarkedly elevated values are also
seen in cholestatic liver disease. Hypercholesterolemia is a risk factor for
cardiovascular disease. Low levels of cholesteasl be seen in disorders that

include hyperthyroidism, malabsorption, and deficiencies of apolipoproteins.

1.8.1.12 HDL.Cholesterol*®

Approximately 25% of total serum cholesterol is transported in the HDL fraction.
Numerous clinical and epidemiological studies have demonstrated a strong
inverse association between Higholesterol and the incidence of coronary heart
disease. It has beemgposed that the uptake and transport of cholesterol from
peripheral tissue to the liver acts as a protective factor against the development of

atherosclerotic plaques.

15
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Determination of HDEcholesterol is therefore essential for the interpretation of
individual cholesterol determinations. Low HBiholesterol is a risk factor
independent of total cholesterol concentration and is highly predictive of the risk
of coronary heart disease. Measurement of Hbablesterol is used in the early
recognition of atharsclerosis risk, and may also be used in the monitoring of

individuals during treatment with lipid lowering drugs.

1.8.1.13 LDL.Cholesterol*®

LDL-cholesterol (LDL C) constitutes the largest portion of the LDL molecule,
formed via the action of lipoprotein lipase on VLDL. LEholesterol plays a
causal role in the development of coronary heart disease (CHD), with numerous
clinical and epidemiolagal studies demonstrating its atherogenic properties.
LDL -cholesterol has

the strongest association with coronary mortality of all lipid and lipoprotein
variables (GRIPS study), with a combination of raised tdbblesterol and
elevated triglyceride levelconstituting an especially high risk. LEdholesterol
evaluation provides early recognition of atherosclerosis risk and may be used to

determine the response to ligmlvering drug therapy.

High levels of LDL-cholesterol are associated with increasadliovascular risk
and familial hyperlipidaemia. Reduced levels of L-Dholesterol may be found

in malabsorption and malnutrition.

1.8.1.14 Triglyceride **

A triglycerideis  anesterderived fromglyceroland thredatty acids.
Triglycerides are the main constituentbafdy fatin humans and animals, as well
asvegetable fatThey are also present in the blood to enable th&eotibnal
transference ohdiposdat and blood glucose from the liver, and are a major
component ohuman skinoils. There are many different types of triglyceride,

with the main division being betwesaturated and unsaturatgyges.

16
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Measurements of triglycerdare used in the diagnosis and treatment of patients
with acute and chronic pancreatitis, diabetes mellitus, nephrosis, extrahepatic
biliary obstruction, and other diseases involving lipid metabolism, or various
endocrine disorders. Clinically, triglycde assays are used to help classify
various genetic and metabolic lipoprotein disorders, and in the assessment of risk

factors for atherosclerosis and coronary artery disease

1.81.15 Total protein *%

Serum total protein also known atotal protein is abiochemicatest for
measuring the total amount foteinin serum Protein in the plasma is made up
of albuminandglobulin. The globulin in turn is made up of, ., ,

and globulins.

The total serum protein is the sum of all circulating proteins and is a major
component of blood. Measurements of total protein are used in the diagnosis and
treatment of a variety of diseases involving the liver, kidney, or bone marrow as
well as other m@bolic and nutritional disordeksypoproteinemia may be caused

by such conditions as nephrotic syndrome, extensive bleeding, sprue (deficient
protein absorption), severe burns and acute protein starvation. Hyperproteinemia
may be observed in cases of gevelehydration and disease states such as

multiple myeloma.

1.8.1.16 Albumin *

Albumin is a small globular protein with a molecular mass of 66.3 kDa. It is the
most abundant protein found in plasma from mid gestation until death,
accounting for approximely one half the plasma protein mass. Because of its
high plasma concentration and relatively small size, albumin is also the major
protein component of most extra vascular body fluids, including (1) CSF, (2)

interstitial fluid, (3) urine, and (4) amniotfluid.

17
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Albumin is the most abundant protein in human plasma, represent@§% of
the total protein. Its primary biological functions are to transport and store a wide
variety of ligands, to maintain the plasma oncotic pressure and to serve as a

souce of endogenousmino acids.

Hyperalbuminemia is infrequent and is caused by severe dehydration and
excessive venous stasis. Hypoalbuminemia may be caused by impaired synthesis
e.g. in liver disease or in protein deficient diets; increased catabdisnresult

of tissue damage and inflammation; reduced absorption of amino acids caused by
malabsorption syndromes or malnutrition; protein loss to the exterior as observed
in nephrotic syndrome. Severe hypoalbuminemia results in a serious imbalance of

intravascular oncotic pressure causing the development of edema.

1.81.17 Total bilirubin 3¢

80 £85% of bilirubin produced daily originates from haemoglotalieased by

the breakdown of senescent erythrocytes, the remainigg20¥% results from the
breakdown of haergontaining proteins such as myoglobin, cytochromes,
catalases and from bone marrow as a result of ineffective erythropoiesis. A
number of diseasesffect one or more of the steps involved in the production,

uptake, storage, metabolism and excretion of bilirubin.

Depending on the disorder unconjugated or conjugated bilirubin or both are
major contributors to the resulting hyperbilirubinentigperbilirubinemia can be

classified as follows:

Prehepatic Jaundice: Diseases of prehepatic origin with predominantly
unconjugated hyperbilirubinemia include corpuscular haemolyticanemias e.g.
thalassemia and sickle cell anemia; extra corpuscular hagenalyemia e.g.

blood transfusion reaction due to ABO and Rh incompatibility; neonatal jaundice

and haemolytic disease of the newborn.

18
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Hepatic Jaundice: Diseases of hepatic origin with predominantly conjugated
hyperbilirubinemia include acute and chronical hepatitis, liver cirrhosis and

hepatocellular carcinoma.

Post hepatic Jaundice: Diseases of {hegtatic origin with predominantly
conjugated hyperbilirubinemia include extrahepatic cholestasis and liver

transplant rejection.

Chronic  congenital hyperbilirubinemias  include the  unconjugated
hyperbilirubinemiasCrigler-Najjar syndrome and Gilbert's syndrome as well as
the conjugated hyperbilirubinemiaPubin-Johnson syndrome and Rotor
syndrome. The differentiation between chronic congenital hypefihemias
and acgired types of bilirubinemia i@ccomplished via the measurement of

bilirubin fractions and the detection of normal liver enzyme activities.

1.8.1.18Alanine Aminotransferase of (ALT) > %4

ALT is an aminotransferase, a group of enzymes which catalyse the reversible
W UDQ VIR U KeaMacigs@nt&kdmino acids by transfer of amino groups. The
older terminology was serurglutamicpyruvictransaminas€SGPT, or GPT).

Since the specific aslity of ALT in the liver is approximately 10 times that of
heart and skeletal muscle, elevated serum ALT activity is mainly regarded as an
indicator of parenchymal liver disease. ALT is present in the cytosol of
hepatocytes, and increased serum levelscatdideterioration in the integrity of

the hepatocyte plasma membrane.

ALT has greater diagnostic sensitivity for hepatobiliary disease than AST.
Activities >50 times the upper reference limit are mainly associated with acute
viral hepatitis, acute disders of liver perfusion and acute liver necrosis due to

ingestion of toxins including paracetamol and carbon tetrachloride. Markedly

elevated serum ALT levels may be

19
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found in a variety of diseases involving the liver, including hepatitis,
mononucleosisand cirrhosis. Elevated ALT levels may be detected in viral
hepatitis and other forms of liver disease prior to development of overt clinical
symptoms such as jaundice. Levels greater than 15 times the upper reference
limit are always indicative of acuteepatocellular necrosis of viral, toxic or

circulatory origin.

Increased ALT levels may also be detected in cirrhosis and extrahepatic
cholestasis. Slight or moderate increases in ALT levels may also be observed
after ingestion of alcohol, or administ@ti of drugs including penicillin,

salicylates or opiates.

1.8.1.19 Aspartate Aminotransferase of (AST)*%**°

Aspartate aminotransferase (AST) is an enzyme belonging to the class of
transferasedt is commonly referred to asteansaminasand isinvolved in the
WUDQVIHU RI DQ DPLQR JURX Skett Hhtild.HTH& olde¥ SD U W D
terminology, serum glutami@xaloacetic transaminag&GOT, or GOT), may

also be used. Pyridoxal phosphate functions as a coenZyragransamination

reaction is impdant in intermediary metabolism because of its function in the
synthesis and degradation of amino acids. The ketoacids formed by the reaction

are ultimately oxidized by the tricarboxylicacid cycle to provide a source of
energy.AST occurs in a wide variety of tissues including liver, cardiac muscle,

skeletal muscle, brain, kidneys, lungs, pancreas, erythrocytes and leucocytes,

with highest activities found in liver and skeletal muscle.

Measurement of AST is indicated in the diagnosis, differentiation and monitoring
of hepatobiliary disease, myocardial infarction and skeletal muscle damage. AST
measurement may also be performed as part of medical screening examinations.
In some cases, ASThay be useful in monitoring the course of myocardial

infarction. Where recent myocardial infarction is suspected, AST has a diagnostic
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sensitivity of 96%, with a diagnostic sensitivity of 86% at 12 hours after onset of
chest pain. AST levels may be incsed in viral hepatitis and liver disease
associated with hepatic necrosis, with 20 to 50 fold elevations frequently
encountered. The evaluation of AST activity in relation to ALT (De Ritis ratio;
AST/ALT) is a useful indicator of liver damage. Ratios <ar@ indicative of

mild liver damage, and are particularly associated with diseases of an
inflammatory nature. Ratios >1.0 are indicative of severe liver disease, usually

involving necrosis.

Increased AST levels may be detected in cirrhosis, extrahepladlestasis,

progressive muscular dystrophy, dermatomyositis, acute pancreatitis, haemolytic
disease, gangrene, crushed muscle injuries and pulmonary emboli. Slight or
moderate increases in AST levels may also be observed after ingestion of alcohol,

or admnistration of drugs including penicillin, salicylates or opiates.

1.81.20 Alkaline Phosphatase (ALPf!

Alkaline phosphatase (ALP) belongs to a group of enzymes that catalyze the
hydrolysis of various phosphomonoesters at an alkalineQadsequently, ALP

Is a nonspecific enzyme capable of reacting with many different substrates.

ALP activity is present on cell surfaces in most human tissue. The highest
concentrations are found in the intestine, liver, bone, spleen, placenta, and
kidney. In the liver, the enzyme is located on both sinusoidal and bile canalicular
membranes; activity in bone is confined to the osteoblasts, those cells involved in
the production of bone matrix. The specific location of the enzyme within this

tissue account®r the more predominant elevations in certain disorders.

Elevations of ALP are of most diagnostic significance in the evaluation of
hepatobiliary and bone disorders. In hepatobiliary disorders, elevations are more
predominant in obstructive conditionsan in hepatocellular disorders; in bone

disorders, elevations are observed when there is involvement of osteoblasts.
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In biliary tract obstruction, ALP levels range from 3 to 10 times ULN. Increases
are primarily a result of increased synthesis of themezyduced by cholestasis.

In contrast, hepatocellular disorders, such as hepatitis and cirrhosis, show only
slight increases, usually less than three times ULN. Because of the degree of
overlap of ALP elevations that occurs in the various liver disordersingle
elevated ALP level is difficult to interpret. It assumes more diagnostic

significance when evaluated along with other tests of hepatic function.

Elevated ALP levels may be observed in various bone disorders. Perhaps the
highest elevations of ALDFWLYLW\ RFFXU LQ 3DJHWYV GLVHDV
Other bone disorders include osteomalacia, rickets, hyperparathyroidism, and

osteogen Ic sarcoma.

In normal pregnancy, increased ALP activity, averaging approximately 1.5 times
ULN, can be detectedebwveen weeks 16 and 20. ALP activity increases and
persists until the onset of labor. Activity then returns to normal within 3 to 6 days.
ALP levels are significantly decreased in the inherited condition of
hypophosphatasia. Subnormal activity is a resdéilthe absence of the bone

isoenzyme and results in inadequate bone calcification.

1.82Hematological tests parameters
In this study reference intervals or range have been identified for twenty
biochemical test parameters. These are

1.Red Blood Cell 6.Mean Corpuscular Hemoglobin  11.Neutrophil

(RBC) Concentration (MCHC) 12.Lymphocyte
2.Hemoglobin (Hb) 7.Red cell DistributionCoefficient ~ 13.Monocyte
3.Hematocrif{HCT) of Variation (RDWCV) 14.Eosinophil
4.Mean Corpuscular 8.Platelets (PLT) 15.Basophil
Volume(MCV) 9.Mean Platelets Mume(MPV)

5.Mean Corpuscular 10.White Blood cell(WBC)

Hemoglobin(MCH)
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1.82.1 Red blood cells (RBCs¥

Red blood cells (RBCs), also called erythrocytes, are cells that circulate in the
blood and carry oxygen throughout the body. The RBC count totals the number
of red blood cells that are present in a person's sample of blood. The typical
lifespan of an RBGs 120 days; thus the bone marrow must continually produce

new RBCs to replace those that age and degrade or are lost through bleeding.

Changes in the RBC count usually mirror changes in  héneatocrit
andhemoglobin level. When the values of the RBC count, hematocrit, and
hemoglobin decrease below the established reference interval, the peraioh is s
to beanemic When the RBC and hemoglobin values increase above the normal
range, the person is said to prEycythemic Too few RBCs can affect the
amount of oxygen reaching the tissues, while too many RBCs can cause

decreased blood flow and related problems.

1.82.2 Hemoglobin®

Hemoglobin is the irocontainingproteinfound in all red blood cells (RBCs)
that gives the cells their characteristic red color. Hemoglobin enables RBCs to
bind to oxygen in the lungs and carry it to tissues and organs throughout the
body. It also helpsransport a small portion of carbon dioxide, a product of cell
metabolism, from tissues and organs to the lungs, where it is exhaled.

Clinical significance: Several diseases and conditions can affect RBCs and
consequently the level of hemoglobin in thedaloIn general, the hemoglobin
level andhematocriterise when the number of red blood cells increases. The
hemoglobin level antdematocritdall to less than normal when there is a drop in
production of RBCs by the bone marrow, an increase in the destra¢tRBCs,

or if blood is lost due to bleeding. A drop in tRBC count hemoglobin and
hematocritecan result irmanemia a condition in which tissues and organs in the

body do not get enough oxygen, causing fatigue and weakness.
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If too many RBCs are producgublycythemiaresults and the bloodan become

thickened, causing sluggish blood flow and related problems.

1.82.3 Hematocrit44

A hematocritis a test that measures the proportion of a person's blood that is
made up of red blood cells (RBCs). Blood consists of RBCs, white blood cells
(WBCs), and platelets suspended in a fluid portion cadlasma The hematocrit

is a ratio of the volume of red blood cells to the volume of all these components
together, called whole blood. The value is expressed as a percentage or fraction.
For example, a hematocrit value of 40% means that there andldi@ers of red

blood cells in 100 milliliters of blood.

The hematocrit is a fairly quick and simple way of evaluating a person's red blood
cells and checking for conditions suchaam®@mia The hematocrit reflects both the
number of red blood cells and their volume (mean corpuscular volume or MCV).
If the size of the RBCs decreases, so will the hematocrit and vice versa. In
general, the hematocrit will rise when the number dflil®od cells increases and

the hematocrit will fall to less than normal when there is a drop in production of
RBCs by the bone marrow, an increase in the destruction of RBCs, or if blood is
lost due to bleeding. If the bone marrow is not able to prodeeeRBCs fast
enough, then the overall number of RBCs and hematocrit will drop, resulting in
anemia and in this condition, the body does not have the capacity to deliver

enough oxygen to tissues and organs, causing fatigue and weakness.

1.82.4 Mean corpuscular volume (MCV)*

Mean corpuscular volume (MCV) is the average volume of red cells in a
specimen. MCV is elevated or decreased in accordance with average red cell size,
l.e., low MCV indicates microcytic (small average RBC size), normal MCV
indicates normocytic (normal average RBC size), and high MCV indicates

macrocytic (large average RBC size).
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of spleen, hemolytic anemia, inflamn@ati major surgery, pancreatitis, trauma
burns and exercise. Medications that can cause reactive thrombocytosis include:

epinephrine, tretinoin and heparin sodium.

Low count of plateletin Blood are known ashrombocytopeniaCauses of
thrombocytopenia areplastic anemiaa vitamin B12 deficiency,a folate
deficiency,an iron deficiencyviral infections, including HIV, EpsteiBarr virus,
and chickenpox,exposure to chemotherapy, radiation, or toxic chemicals

,consuming too muchlcohol cirrhosisand leulemia.

1.8.2.9 Mean platelet volume(MPV)*

Mean platelet volum@IPV) is a machinealculated measurement of the
average size gflateletsfound inbloodand is typically included iblood testas

part of theCBC. Since the average platelet size is larger when the body is
producing increased numbers of platelets, the MPV test results can be used to
make inferences about platelet productiotbame marrovor platelet destruction

problems.

MPV is higher when there is destruction of platelets. This may be seen in
inflammatory bowel diseasanmune thrombocytopenic
purpura(ITP), myeloproliferative diseasemdBernardSoulier syndromelt may

also be related tpre-eclampsiaand recover from, transienhypoplasia

Abnormally low MPV values correlate withrombocytopeniavhen it s due to
impaired production as iaplastic anemialn addition, low MPV, can correlate
with abnormally small platelet size, sometimes a symptom of a spectrum referred

to asWiskott-Aldrich Syndromegcaused by a genetic mutation of the WAS gene.

1.8.2.10 White blood cells, (WBC¥*

White blood cells, also called leukocytes, are cells that exist in the blood,

thelymphatic systemand tissues and are an important part of the body's defense
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High count of neutrophil in blood are known asutrophilia. Causes of
neutrophilia areacutebacterial infections, inflammation, trauma, heart attack, or

burns, Stress, rigorous exercise andhing syndrome

1.82.12 Lymphocytes®

Lymphocytes are much more common in the lymphatic system than in blood.
Lymphocytes are distinguished by having a deeply staining nucleus that may be
eccentric in location, and a relatively small amount of cytoplasm. Lymphocytes
include: natural killer cellNK cells) (which  function ircell-
mediatedlcytotoxicinnate immunity, T cells(for cell-mediated
cytotoxicadaptive immunity, andB cells(for humoral antibodydrivenadaptive
Immunity). They are the main type of cell foundlymph, which prompted the

namelymphocyte

Low count of lymphocytes in blood are known BsnphocytopeniaCauses of
lymphocytopenia are autoimmune disorders (e.dupus rheumatoid
arthritis),infections (e.g. HIVyiral hepatitis typhoid feverjnfluenzg,bone

marrow damage (e.g. chemotherapy, radiation therapy), corticosteroids.

High count of lymphocytesn blood are known agymphocytosis.Causes of
lymphocytosis are Acute viral infections (echjcken poxcytomegalovirus
(CMV) EpsteinBarr virus (EBV) herpes rubelld,Certain bacterial infections
(e.g. whooping cough and tuberculosis), toxoplasmagisonicinflammatory
disorder (eg. ulcerative colitis), lymphocytic leukemia, lymphoma and stress

(acute).

1.8.2.13 Monocytes’

Monocytes, the largest type of WBCs, share the "vacuum clegte&atjdcytosis
function of neutrophils, but are much longer lived as they have an extra role: they

present pieces gfathogenso T cells so that the pathogens may be recognized
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again and killed. Thisauses an antibody response to be mounted. Monocytes
eventually leave the bloodstream and become tisssophageswvhich remove

dead cell debris as well as attack microorganismsthiiedead cell debris nor
attacking microorganisms can be dealt with effectively by the neutrophils. Unlike
neutrophils, monocytes are able to replace tlgsdsomalcontents and are
thought to have a much longer active life. They have the kidney shaped nucleus

and are typically agranulated.

Causes of low counts mibnocytesare bone marrow damage or failure, hairy cell

leukemia andplastic anemia

Causes D high counts of monocytes areChronic infections (e.g.,
tuberculosisfungal infectior), infection within the heart (bacterial endocarditis),

collagen vascular diseases

(e.g., lupusscleroderma rheumatoid arthritisyasculitiy, Monocytic or

myelomonocytic and leukemia (acute or chronic)

1.8.2.14 Eosinophils®®

Eosinophil composeabout 24% of the WBC total. This count fluctuates
throughout the day, seasonally, and dunmgnstruation It rises in response to
allergies, parasitic infections, collagen dises, and disease of the spleen and
central nervous system. They are rare in the blood, but numerous in the mucous

membranes of the respiratory, digestive, and lower urinary tracts.

One or an occasional low number is usually not medically signifldeyiit.counts
of eosinophilcan indicate the following such agsthma, allergies such as hay
fever, drug reactions,parasiticinfections, inflammatory disorderscdliac
diseaseinflammatory bowel diseayesome cancers, leukemias or lymphomas

andaddison disease
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