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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. The aim of the study was to establish 

reference ranges for biochemical and hematological parameters for the 

population of Bangladesh. 

A total of 758 adults between 18 and 65 years apparently healthy members of the 

Bangladeshi population included Dhaka, Chittagong, Rajshahi and Khulna were 

selected and enrolled in this Prospective study as reference individuals who 

fulfill the CLSI selection criteria. Out of the 758 participants recruited for the 

study, only 730 were involved in the study, 436(59.726%) males and 

295(40.274%) females. 
 
Reference ranges for twenty biochemical and fifteen hematological analytes 

were constructed by using the non parametric methods to estimate 2.5 and 97.5 

percentiles of distribution. Partitioning of the data were performed  for two sex 

groups (males and females) and two age groups (less than forty years  and more 

than forty  years) when applicable. 
 
The reference ranges for the biochemical analytes were found for Fasting blood 

glucose [  4.0  -6.1 mmol/L]; Creatinine [  males 0.76 - 1.37 mg/dl,  females 0.52 

- 1.08 mg/dl]; Urea [the males 13 -38.3 mg/dl, the females  10.5 - 34 mg/dl, 

];Uric acid [ males 3.48 - 7.5 mg/dl, females 2.5 - 6.41mg/dl];Serum sodium [ 

males 134.8 - 145 mmol/L, females 134.8 - 142mmol/L];Serum potassium 3.4 - 

5.0mmol/L]; Serum chloride[ 99 - 108 mmol/L]; Serum calcium [ 2.2  - 2.65 

mmol/L]; Serum magnesium [ 0.75 - 1.05 mmol/L]; Serum Inorganic 

phosphate[combined(0.85 - 1.59 mmol/L]; Serum Cholesterol [  122 - 249 

mg/dl, less than 40 years old subjects 131.4 - 240 mg/dl and  more than 40 years 

old subjects 117 - 270 mg/dl]; Serum HDL. Cholesterol [males 24 - 52 mg/dl, 

 



xv 

females 27 - 59mg/dl,];Serum LDL. Cholesterol [ 69 - 167 mg/dl, less than 40 

years old subjects is 71.5 - 162 mg/dl and  more than 40 years old subjects 54.59 

- 176mg/dl]; Serum triglyceride[males 62.5 - 297 mg/dl, females 45 - 237 mg/dl, 

less than 40 years old subjects is 60  - 253 mg/dl and  more than 40 years old 

subjects  45 - 282  mg/dl]; Serum total protein [ 64 - 82 g/L,]; Serum albumin [  

33 - 50 g/L]; Serum bilirubin- total[males 0.35 - 1.35 mg/dl, females 0.33 - 

0.97mg/dl,]; Serum Alanine aminotransferase [males 10 - 57 U/L, females 9 to 

48 U/L];Serum aspartate aminotransferase [males 12 - 39 U/L, females 12 - 34 

U/L,]and Serum alkaline phosphatase [males 45.03 -125 U/L,  females 41.47 - 

118 U/L,]. 
 

Reference ranges for hematological parameters were observed for, RBC [males 

4.4 - 5.6 ×106/µl, the females 3.9 - 5.2 ×106/µl];hemoglobin [males 12.4 - 16.55 

gm/dl,  females 10.3 - 13.6 gm/dl]; hematocrite [males 36.5 - 48.8 %, females 

32.1 - 41.7%]; MCV [males 74.5 - 94 fl,  females 70.6 - 94.3 fl]; MCH [males 

24.6 - 32.3 pg,  females 23.0 - 31.6 pg];MCHC [males 31.9 -35.9gm/dl,  females 

30.2 - 35.2 gm/dl];RDW-CV [ 12.2 - 15.1  %];Platelets [males 151 - 331× 

103/µl, the females 175 - 420×103/µl];MPV [ 9.2 - 12.7 fl]; WBC [ 4.5 - 11  

×103/µl];Neutrophil [ combined (M&F) 45.6 - 72.1 %];Lymphocyte [ 21.6 - 47.7 

%];Monocyte [ 2.2 - 6.7 %]; Eosinophil [ 0.7 - 6.9 %] and Basophil [ 0.0 - 0.3 

%] 

This study established the importance of sex and age specific reference intervals. 

The data was broadly divided into two sex groups (males and females)  and  two 

age groups (based on less than forty years  and  more than 40 years) . 

Significance between two groups were carried out by p value with 90% 

confidence intervals values and clinical consideration. 

 

Reference ranges for Creatinine, Urea, Uric acid, Sodium, HDL. cholesterol, 

Triglyceride, Total Bilirubin, Alanine amino Transferase (ALT), Aspartate 



xvi 

amino Transferase (AST) and Alkaline phosphatase (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 are finally 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 healthy 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 management of patients. Further 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. 

 
 
 
 
 
 
 
 
 
 
 





https://en.wikipedia.org/wiki/Prediction_interval




 
Chapter 1                               Introduction
  
_______________________________________________________________________ 

4 

These questions and many others are dealt with in the July special issue of 

Clinical Chemistry and Laboratory Medicine, CCLM, on 'Reference values and 

reference intervals' (Volume 42, Number 7, 2004), where many of the most 

outstanding scientists within the reference concept and related scientific areas 

introduce their thoughts, in order to reinforce the still valid concepts and draw 

attention to new ideas that have developed since the publication of the 

recommendations, with the aim of stimulating further developments. There are 

different opinions among the authors, but these divergences make the different 

ideas more approachable and open for debate. The goal of the special issue is not 

to produce new guidelines, but to bring more focus and debate. 

 
 
1.3Role in national development, planning and to increase human 
knowledge    
 
A reference range of a biochemical and hematological parameter is a set of values 

used in the interpretation of a clinical chemistry and hematological report. There 

are two types of reference ranges categorized as subject based and group based. 

When doing a follow up on patients, a clinician often use a subject- based 

reference range to determine the progress made in the management of a 

pathological disorder. To establish whether a patient has a certain pathological 

disorder however, group-base reference range is used in the interpretation of 

laboratory report. 

 

In clinical management of patients, physicians rely on biochemical and 

hematological analytes for accurate diagnosis, proper treatment and follow-up of 

patients. Correct  

 

interpretation of the results from these analytes presupposes that the clinician and 

the laboratory medicine physician have good reference information. Published 

reference ranges in literature do not sometimes represent adequately the specific 
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Here the use of 95% reference intervals is questioned, both due to the changed 

probabilities according to repeated testing and due to the misuse of reference 

limits as decision limits (cut-off points). Further, the use of population-based 

reference intervals is criticized, as individual reference intervals for each single 

individual are preferable if available. 

1.8Analyte description 

This study were  examined  reference intervals  of biochemical and hematological 

tests performed on human blood. Twenty biochemical and fifteen hematological 

analytes included in this study  for which the reference intervals  are being 

established. 

1.8.1 Biochemical tests parameters 

In this study reference intervals or range have been identified for twenty 

biochemical test parameters. These are   

1. Glucose                                  

2.Creatinine  

3.Urea 

4.Uric Acid(UA)  

5.Sodium(Na) 

6.Potassium(K) 

7.Chloride (Cl) 

8.Total Calcium(Ca) 

9.Magnesium(Mg) 

10.Inorganic 

Phosphorous(PO4) 

11.Cholesterol 

12.HDL.Cholesterol (HDL.C) 

13.LDL.Cholesterol (LDL.C) 

14.Triglyceride(TG)  

15.Total Protein (TP) 

 

16.Albumin (Alb) 

17.Bilirubin-Total (Bil-T) 

18.Alanine amino 

Transferase(ALT) 

19.Aspartate amino 

Transferase (AST) 

20.Alkaline phosphates (ALP) 
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Together, sodium and chloride represent the majority of the osmotically active 

constituents of plasma. Chloride ions in food are almost completely absorbed 

from the intestinal tract.  

 
Low levels of Chloride are observed in the case of prolonged vomiting, metabolic 

acidosis. Elevated levels of chloride it may causes prolong diarrhea and with loss 

of sodium bicarbonate  and renal tubular disease. 
 
1.8.1.8  Calcium34 
 
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 the plasma, which has a mean normal calcium concentration of 

approximately 9.5 mg/dL (2.38 mmol/L). Calcium concentration, is characterized 

by a high physiological variation, depending on age, sex, physiological state (e.g. 

pregnancy), and even season (owing to the 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. Hypercalcemia can result from hyperparathyroidism, 

hypervitaminosis D, multiple myeloma, and some neoplastic diseases of bone. 

Long-term lithium therapy has been reported to cause hyperparathyroidism in 

some individuals, with resulting hypercalcemia. Hypocalcemia can result from 

hypoparathyroidism, steatorrhea, nephrosis, nephritis, and pancreatitis. 

 
1.8.1.9 Magnesium35,36 

 

 Magnesium is the fourth most abundant cation in the 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. 
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PTH excess; increased excretion such as occurs in secondary PTH excess, post 

renal transplant and re-feeding 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; reduced 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. 

 
1.8.1.11  Cholesterol34 
 
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 in the hereditary hyperlipoproteinemias and in 

various other metabolic diseases. Moderate-to-markedly elevated values are also 

seen in cholestatic liver disease. Hypercholesterolemia is a risk factor for 

cardiovascular disease. Low levels of cholesterol can be seen in disorders that 

include hyperthyroidism, malabsorption, and deficiencies of apolipoproteins. 
 

 
1.8.1.12  HDL.Cholesterol35 
 
Approximately 25% of total serum cholesterol is transported in the HDL fraction. 

Numerous clinical and epidemiological studies have demonstrated a strong 

inverse association between HDL-cholesterol and the incidence of coronary heart 

disease. It has been proposed that the uptake and transport of cholesterol from 

peripheral tissue to the liver acts as a protective factor against the development of 

atherosclerotic plaques.  
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Determination of HDL-cholesterol is therefore essential for the interpretation of 

individual cholesterol determinations. Low HDL-cholesterol is a risk factor 

independent of total cholesterol concentration and is highly predictive of the risk 

of coronary heart disease. Measurement of HDL-cholesterol is used in the early 

recognition of atherosclerosis risk, and may also be used in the monitoring of 

individuals during treatment with lipid lowering drugs. 

 
1.8.1.13  LDL.Cholesterol39 
 
LDL-cholesterol (LDL C) constitutes the largest portion of the LDL molecule, 

formed via the action of lipoprotein lipase on VLDL. LDL-cholesterol plays a 

causal role in the development of coronary heart disease (CHD), with numerous 

clinical and epidemiological 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 LDL-cholesterol and 

elevated triglyceride levels constituting an especially high risk. LDL-cholesterol 

evaluation provides early recognition of atherosclerosis risk and may be used to 

determine the response to lipid-lowering drug therapy.  

 

High levels of LDL-cholesterol are associated with increased cardiovascular risk 

and familial hyperlipidaemia. Reduced levels of LDL-cholesterol may be found 

in malabsorption and malnutrition. 

 
1.8.1.14 Triglyceride34 
 
 A triglyceride is an ester derived from glycerol and three fatty acids . 

Triglycerides are the main constituent of body fat in humans and animals, as well 

as vegetable fat. They are also present in the blood to enable the bidirectional 

transference of adipose fat and blood glucose from the liver, and are a major 

component of human skin oils. There are many different types of triglyceride, 

with the main division being between saturated and unsaturated types.  

https://en.wikipedia.org/wiki/Ester
https://en.wikipedia.org/wiki/Glycerol
https://en.wikipedia.org/wiki/Fatty_acids
https://en.wikipedia.org/wiki/Body_fat
https://en.wikipedia.org/wiki/Vegetable_fat
https://en.wikipedia.org/wiki/Adipose_tissue
https://en.wikipedia.org/wiki/Sebum
https://en.wikipedia.org/wiki/Saturated_and_unsaturated


https://en.wikipedia.org/wiki/Clinical_chemistry
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Blood_serum
https://en.wikipedia.org/wiki/Serum_albumin
https://en.wikipedia.org/wiki/Globulin
https://en.wikipedia.org/wiki/Alpha_1_globulins
https://en.wikipedia.org/wiki/Alpha_2_globulins
https://en.wikipedia.org/wiki/Beta_globulins
https://en.wikipedia.org/wiki/Gamma_globulins
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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 increased 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 <1.0 are 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, extrahepatic cholestasis, 

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 administration of drugs including penicillin, salicylates or opiates. 

 
1.8.1.20  Alkaline Phosphatase (ALP)41 
 
 Alkaline phosphatase (ALP) belongs to a group of enzymes that catalyze the 

hydrolysis of various phosphomonoesters at an alkaline pH. Consequently, 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 accounts for 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 conditions than in hepatocellular disorders; in bone 

disorders, elevations are observed when there is involvement of osteoblasts. 
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1.8.2.1  Red blood cells (RBCs),42 

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 RBC is 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   the hematocrit  

and hemoglobin  level. When the values of the RBC count, hematocrit, and 

hemoglobin decrease below the established reference interval, the person is said 

to be anemic. When the RBC and hemoglobin   values increase above the normal 

range, the person is said to be polycythemic. Too few RBCs can affect the 

amount of oxygen reaching the tissues, while too many RBCs can cause 

decreased blood flow and related problems. 

1.8.2.2  Hemoglobin43 

 Hemoglobin is the iron-containing protein found 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 helps transport 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 the blood. In general, the hemoglobin 

level and hematocrite rise when the number of red blood cells increases. The 

hemoglobin level and hematocrite 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. A drop in the RBC count, hemoglobin and 

hematocrite can result in anemia, a condition in which tissues and organs in the 

body do not get enough oxygen, causing fatigue and weakness.  

 

https://labtestsonline.org/understanding/analytes/hematocrit/
https://labtestsonline.org/understanding/analytes/hemoglobin/
https://labtestsonline.org/understanding/conditions/anemia/
https://labtestsonline.org/glossary/polycythemia/
https://labtestsonline.org/glossary/protein
https://labtestsonline.org/understanding/analytes/rbc/
https://labtestsonline.org/understanding/conditions/anemia
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If too many RBCs are produced, polycythemia results and the blood can become 

thickened, causing sluggish blood flow and related problems. 

 
1.8.2.3  Hematocrit44 

 A hematocrit is 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 called plasma. 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 are 40 milliliters 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 such as anemia. 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 of red blood 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 produce new RBCs 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. 

1.8.2.4   Mean corpuscular volume (MCV) 45 
 

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, 

i.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). 

https://labtestsonline.org/glossary/polycythemia/
https://labtestsonline.org/glossary/plasma/
https://labtestsonline.org/understanding/conditions/anemia/
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Indicates RBCs are smaller than normal (microcytic); caused by iron deficiency 

anemia or thalassemia. Indicates RBCs are larger than normal (macrocytic), for 

example in anemia caused by vitamin B12 or folate deficiency, myelodysplasia, 

liver disease, hypothyroidism. 

 
1.8.2.5  Mean corpuscular hemoglobin (MCH)46 
 
Mean corpuscular hemoglobin (MCH) is the average amount of hemoglobin per 

red blood cell in a blood sample. MCH is used to help diagnose the type, cause 

and severity of anemia. It is one of the RBC indices. The MCH is usually either 

high or low if the size of red blood cells (measured by the MCV) is high or low. 

Bigger red blood cells usually have more hemoglobin and smaller red blood cells     

usually have less hemoglobin simply due to their size. 

 

A low MCH is known as hypochromic, because there is less hemoglobin in the 

red cells, which give them their red color. A high MCH with anemia is known as 

hyperchromic anemia. 

 

     1.8.2. 6 Mean corpuscular hemoglobin Concentration (MCHC)47 

The mean corpuscular hemoglobin concentration, a measure of the concentration 

of hemoglobin in a given volume of packed red blood cells. It is reported as part 

of a standard complete blood count. It is calculated by dividing the hemoglobin 

by the hematocrite. It is thus a mass or molar concentration.  
 

Decreased MCHC values (hypochromia) are seen in conditions such as iron 

deficiency anemia and thalassemia. Increased MCHC values (hyperchromia) are 

seen in conditions where the hemoglobin is more concentrated inside the red 

cells, such as autoimmune hemolytic anemia, in burn patients, and hereditary 

spherocytosis, a rare congenital disorder. 

 

 

https://labtestsonline.org/understanding/conditions/anemia/start/3
https://labtestsonline.org/understanding/conditions/anemia/start/3
https://labtestsonline.org/understanding/conditions/thalassemia/
https://labtestsonline.org/understanding/conditions/anemia/start/4
https://labtestsonline.org/understanding/conditions/liver-disease/
https://labtestsonline.org/understanding/conditions/hypothyroidism/
http://womenshealth.about.com/od/menstruation/f/What-Is-Anemia.htm
https://en.wikipedia.org/wiki/Hemoglobin
https://en.wikipedia.org/wiki/Red_blood_cells
https://en.wikipedia.org/wiki/Complete_blood_count
https://en.wikipedia.org/wiki/Hematocrit
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1.8.2.7   Red cell distribution width (RDW)48 

 Red cell distribution width (RDW) is a parameter that measures variation in red 

blood cell size or red blood cell volume. RDW is elevated in accordance with 

variation in red cell size (anisocytosis), i.e., when elevated RDW is reported on 

complete blood count, marked anisocytosis (increased variation in red cell size) is 

expected on peripheral blood smear review. 

Mathematically, the RDW-CV is calculated with the following formula: 

RDW-CV = (Standard deviation of MCV ÷ mean MCV) × 100. 

Usually presents with high RDW with low MCV in iron Deficiency Anemia and 

presents with high RDW and high MCV in  Folate and vitamin B12 deficiency 

anemia. Also presents with high RDW with MCV being high, low or often 

normal range in mixed Deficiency (Iron + B12 or folate) anemia.  

1.8.2.8  Platelets (Thrombocytes)49 

Platelets, also called thrombocytes, are tiny fragments of cells that are essential 

for normal blood clotting. They are formed from very large cells 

called megakaryocytes in the bone marrow and are released into the blood to 

circulate. The platelet count is a test that determines the number of platelets in a 

person's sample of blood. When there is an injury to a blood vessel or tissue and 

bleeding begins, platelets help stop bleeding in three ways.  

They (i). Adhere to the injury site (ii).Clump together (aggregate) with other 

platelets (iii). Release chemical compounds that stimulate further aggregation of 

other platelets. 

High count of platelet  in Blood are known as thrombocytosis. Causes of   

thrombocytosis  are acute bleeding and blood loss, allergic reactions, cancer 

chronic kidney failure or another kidney disorder, heart attack, coronary artery 

bypass, infections, including tuberculosis, iron  and vitamin deficiency, removal 

https://en.wikipedia.org/wiki/Standard_deviation
https://en.wikipedia.org/wiki/Mean_corpuscular_volume
https://en.wikipedia.org/wiki/Arithmetic_mean
https://labtestsonline.org/glossary/megakaryocyte/
https://labtestsonline.org/glossary/bone-marrow/
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of  spleen, hemolytic anemia, inflammation, major surgery, pancreatitis, trauma 

burns and exercise. Medications that can cause reactive thrombocytosis include: 

epinephrine, tretinoin and heparin sodium. 

Low count of platelet in Blood are known as thrombocytopenia. Causes of 

thrombocytopenia are aplastic anemia, a vitamin B-12 deficiency, a folate 

deficiency, an iron deficiency, viral infections, including HIV, Epstein-Barr virus, 

and chickenpox, exposure to chemotherapy, radiation, or toxic chemicals 

,consuming too much alcohol cirrhosis and leukemia. 

 
1.8.2.9  Mean platelet volume (MPV)50 

 Mean platelet volume (MPV) is a machine-calculated measurement of the 

average size of platelets found in blood and is typically included in blood tests as 

part of the CBC. 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 production in bone marrow or platelet destruction 

problems.  

 MPV is higher when there is destruction of platelets. This may be seen in 

inflammatory bowel disease, immune thrombocytopenic 

purpura (ITP), myeloproliferative diseases and Bernard-Soulier syndrome. It may 

also be related to pre-eclampsia, and recovery from, transient hypoplasia.  

Abnormally low MPV values correlate with thrombocytopenia when it is due to 

impaired production as in aplastic anemia. In addition, low MPV, can correlate 

with abnormally small platelet size, sometimes a symptom of a spectrum referred 

to as Wiskott-Aldrich Syndrome, caused by a genetic mutation of the WAS gene. 

1.8.2.10  White blood cells, (WBC)54 

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

the lymphatic system, and tissues and are an important part of the body's defense 

https://en.wikipedia.org/wiki/Platelets
https://en.wikipedia.org/wiki/Blood
https://en.wikipedia.org/wiki/Blood_tests
https://en.wikipedia.org/wiki/Complete_blood_count
https://en.wikipedia.org/wiki/Bone_marrow
https://en.wikipedia.org/wiki/Immune_thrombocytopenic_purpura
https://en.wikipedia.org/wiki/Immune_thrombocytopenic_purpura
https://en.wikipedia.org/wiki/Myeloproliferative_disease
https://en.wikipedia.org/wiki/Bernard-Soulier_syndrome
https://en.wikipedia.org/wiki/Pre-eclampsia
https://en.wikipedia.org/wiki/Hypoplasia
https://en.wikipedia.org/wiki/Thrombocytopenia
https://en.wikipedia.org/wiki/Aplastic_anemia
https://labtestsonline.org/glossary/lymphatic/
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system. They help protect against infections and also have a role in inflammation, 

allergic responses, and protecting against cancer. The white blood cell (WBC) 

count totals the number of white blood cells in a person's sample of blood. It is 

one test among several   that is included in a complete blood count (CBC), which 

is often used in the general evaluation of a person's health. 

Low count of WBC in Blood are known as leukopenia. Causes of Leukopenia are 

Bone marrow disorders or damage, conditions, Severe infections 

(sepsis)Lymphoma or other cancer that spread to the bone marrow, Dietary 

deficiencies and Diseases of immune system (e.g. HIV/AIDS). 

High count of WBC in Blood are known as leukocytosis. Causes of  leukocytosis 

are Infection, most commonly bacterial or viral, Inflammation, 

Leukemia, myeloproliferative disorders, Allergies, asthma and tissue death 

(trauma, burns, heart attack) Intense exercise or severe stress. 

 

1.8.2.11  Neutrophil 55 

Neutrophils are the most abundant white blood cell, constituting 60-70% of the 

circulating leukocytes. They defend against bacterial or fungal infection. They are 

usually first responders to microbial infection; their activity and death in large 

numbers forms pus. Neutrophils are active in phagocytosing bacteria and are 

present in large amount in the pus of wounds. These cells are not able to renew 

their lysosomes (used in digesting microbes) and die after having phagocytosed a 

few pathogens. Neutrophils are the most common cell type seen in the early 

stages of acute inflammation. The life span of a circulating human neutrophil is 

about 5.4 days. 

Low count of neutrophil in blood are known as neutropenia. Causes of  

neutropenia are Severe, overwhelming infection (sepsis), autoimmune disorders, 

dietary deficiencies, reaction to drugs, chemotherapy, immunodeficiency, 

myelodysplasia  and bone marrow damage (e.g. chemotherapy, radiation therapy) 

https://labtestsonline.org/glossary/infection/
https://labtestsonline.org/glossary/inflammation/
https://labtestsonline.org/understanding/analytes/cbc/
https://labtestsonline.org/understanding/conditions/bone-marrow-disorders/
https://labtestsonline.org/understanding/conditions/sepsis/
https://labtestsonline.org/understanding/conditions/lymphoma/
https://labtestsonline.org/glossary/bone-marrow/
https://labtestsonline.org/understanding/conditions/hiv/
https://labtestsonline.org/glossary/infection/
https://labtestsonline.org/glossary/bacterium/
https://labtestsonline.org/glossary/virus/
https://labtestsonline.org/glossary/inflammation/
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https://labtestsonline.org/understanding/conditions/allergies/
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 High count of  neutrophil in blood are known as neutrophilia. Causes of  

neutrophilia are acute bacterial infections, inflammation, trauma, heart attack, or 

burns, Stress, rigorous exercise and cushing syndrome. 

1.8.2.12  Lymphocytes56 

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 cells(NK cells) (which function in cell-

mediated, cytotoxic innate immunity), T cells (for cell-mediated, 

cytotoxic adaptive immunity), and B cells (for humoral, antibody-driven adaptive 

immunity). They are the main type of cell found in lymph, which prompted the 

name lymphocyte. 

Low count of  lymphocytes in blood are known as  lymphocytopenia. Causes of 

lymphocytopenia are autoimmune disorders (e.g. lupus, rheumatoid 

arthritis),infections (e.g. HIV, viral hepatitis, typhoid fever, influenza),bone 

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

High count of lymphocytes in blood are known as lymphocytosis. Causes of    

lymphocytosis are Acute viral infections (e.g., chicken pox, cytomegalovirus 

(CMV),Epstein-Barr virus (EBV), herpes, rubella),Certain bacterial infections 

(e.g. whooping cough and tuberculosis), toxoplasmosis, chronic inflammatory 

disorder (e.g. ulcerative colitis), lymphocytic leukemia, lymphoma and stress 

(acute). 

 

1.8.2.13 Monocytes57 

Monocytes, the largest type of WBCs, share the "vacuum cleaner" (phagocytosis) 

function of neutrophils, but are much longer lived as they have an extra role: they 

present pieces of pathogens to T cells so that the pathogens may be recognized 

https://labtestsonline.org/glossary/acute/
https://labtestsonline.org/understanding/conditions/cushing/
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https://en.wikipedia.org/wiki/Cell-mediated_immunity
https://en.wikipedia.org/wiki/Cell-mediated_immunity
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https://en.wikipedia.org/wiki/Innate_immune_system
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again and killed. This causes an antibody response to be mounted. Monocytes 

eventually leave the bloodstream and become tissue macrophages, which remove 

dead cell debris as well as attack microorganisms. Neither dead cell debris nor 

attacking microorganisms can be dealt with effectively by the neutrophils. Unlike 

neutrophils, monocytes are able to replace their lysosomal contents and are 

thought to have a much longer active life. They  have the kidney shaped nucleus 

and are typically agranulated.  

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

leukemia and aplastic anemia. 

Causes of high counts of monocytes are Chronic infections (e.g., 

tuberculosis, fungal infection), infection within the heart (bacterial endocarditis), 

collagen vascular diseases  

(e.g., lupus, scleroderma, rheumatoid arthritis, vasculitis), Monocytic or 

myelomonocytic and leukemia (acute or chronic) 

1.8.2.14  Eosinophils58 
 

Eosinophil compose about 2-4% of the WBC total. This count fluctuates 

throughout the day, seasonally, and during menstruation. It rises in response to 

allergies, parasitic infections, collagen diseases, 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 significant.High counts 

of  eosinophil can indicate the following such as  asthma, allergies such as hay 

fever, drug reactions, parasitic infections, inflammatory disorders (celiac 

disease, inflammatory bowel disease), some cancers, leukemias or lymphomas 

and addison disease. 
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https://labtestsonline.org/glossary/parasite/
https://labtestsonline.org/understanding/conditions/celiac/
https://labtestsonline.org/understanding/conditions/celiac/
https://labtestsonline.org/understanding/conditions/inflammatory-bowel/
https://labtestsonline.org/understanding/conditions/addisons-disease/
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1.8.2.15  Basophils59 
 

A basophil is a type of white blood cell and a type of granulocyte. They are 

chiefly responsible for allergic and antigen response by releasing the 

chemical histamine causing the dilation of blood vessels. Because they are the 

rarest of the white blood cells (less than 0.5% of the total count) and share 

physicochemical properties with other blood cells, they are difficult to 

study. They can be recognized by several coarse, dark violet granules, giving 

them a blue hue.  

As with eosinophil count are normally low in the blood; usually not medically 

significant. High counts of basophils can indicate the following such as  rare 

allergic reactions (hives, food allergy), inflammation (rheumatoid arthritis, 

ulcerative colitis), some leukemia's and uremia 
 

 
1.8.3 Literature Review 

Health and disease can only be distinguished by accurate and reliable reference 

values of a particular laboratory test. It is now a proven fact that there is 

considerable variation in biochemistry/hematology reference intervals depending 

on the demographic and preanalytical variables. There are evidences that values 

provided by manufacturers do not have appropriate application for all 

populations. Moreover, reference ranges provided by different laboratory 

manuals and books also do not solve this problem.  

Roshanet al.22.represented normal reference ranges of Malaysian population. 

These values were determined by using Sysmex XE-2100 and ACL 9000 

hematology and coagulation analyzers. Their study showed that there were 

considerable differences in the reference values from manufacturers, western 

population or laboratory manuals compared with those from the local population. 

The hematological profile of the population in central province of Iran were 

studied by Amitis Ramezani23(The median and 95% reference values (2.5th-

https://en.wikipedia.org/wiki/Allergy
https://en.wikipedia.org/wiki/Antigen
https://en.wikipedia.org/wiki/Histamine
https://en.wikipedia.org/wiki/Vasodilation
https://labtestsonline.org/glossary/uremia/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roshan%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=18498389
http://www.ijp.iranpath.org/?_action=article&au=45627&_au=Amitis++Ramezani


http://www.pubpdf.com/search/author/M+R+Chisale
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mg/dl)72, Glucose (3.10 -6.6 mmol/L)35,Urea ( 17- 46 mg/dl)35, Uric acid( 3.90- 

8.30 mg/dl)72 were vary from the reports of other countries and also the standards 

reference ranges described in textbook 35.72.73. 

Reference values for 26 elements, namely Al, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, 

Hg, Li, Mg,Mn, Mo, Ni, Pb, Sb, Si, Sn, Sr, Tl, V, W, Zn and Zr are proposed in 

serum and blood of 110 healthy adults of the urban area of Rome . They were 

included in the study on the basis of strict criteria of eligibility and exclusion. 

With the exception of Ba, Bi, Co, Cr, Ni, Sb, SnTl in serum, and Bi, Hg, Si, V 

and W in whole blood, experimental data for each all the other analytes were 

found to approach a normal distribution. The estimated 5 - 95% references ranges 

(in ng/ ml) were reported. For several elements the reference ranges observed 

overlapped information available in the literature. Gender, age, body mass index,  

smoking habits and alcohol consume were used as grouping variables. Mutual 

associations were observed for several elements, as follows: Be, Ca, Co, Cr, Cu, 

Li, Mo, Pb and Zn with sex; Ca, Pb and Si with age (< and > 45 years); Co, Cr, 

Mo, Sb and Tl with body mass index; Cd and Pb with smoking habit; Cr and Pb 

with alcohol consume(Alessandro ALIMONTI et al,2005)26. 

1.8.4 Aim and objectives 
 
Reference ranges are sets of values used by the health professionals to interpret 

the results and are considered the most authoritative tools in laboratory science to 

assist in the decision making phase, hence useful for patient care. 

 

The more traditional, widespread and practiced method for interpreting the 

laboratory results is based on the comparison made with reference range or 

reference intervals. As defined by the international federation of clinical 

chemistry (IFCC) and Clinical and Laboratory Standards Institute (CLSI) the 

terms reference range or reference interval mean a range of values obtained from 
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1.8.4 .2 Specific objectives 
 
a) To identify 95% reference ranges or intervals of biochemical and 

hematological parameters for healthy Bangladeshi population.   

b) Partitioning of the data for age, sex and recommend separate reference interval 

if significantly different.  
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and cubital vein sampling was most often done. Evacuated blood collection 

tubes were used. Blood was collected in  

plain or SST gel tubes for analysis of liver function tests, renal function tests, 

lipid profile, electrolyte, protein ,enzyme or Sodium Fluoride/EDTA tubes for 

glucose analysis and EDTA tubes for hematological parameters. Once the 

specimens were acquired, they were labeled with the donor and study numbers. 
 
2.4.2 Specimen transportation: 

Specimens were transported from the collection centre to the processing 

laboratory in ice packed cool boxes within 30 minute.  

2.4.3 Specimen Rejection: 

Specimens  were  rejected if any one or more of the following rejection criteria 

are met  

1.The  Questionnaire and consent  form are not completed. 

2.The specimen is collected in incorrect collection tube. 

3.Specimens lacking proper identification or not labeled. 

4.Specimen containers are broken or leaking. 

5.Specimen is less than the minimal volume needed for testing. 

6.Haemolysed blood sample. 

7.Clotted blood in EDTA  tube.                                      

2.4.4 Specimen processing and storage: 

Hematological  specimen were rolled prior to analysis. For biochemical analysis 

once clotted, the blood specimens were centrifuged at 4000 revolutions per 
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Table-2.1:Analytes included in the study. All tests were performed using 
reagents specific for the Beckman Coulter AU640  andSysmex XE 2100 
analyzer. 
 

Biochemistry Tests Hematology Tests 
1. Glucose 

2.Creatinine 

3.Urea 

4.Uric Acid(UA) 

5.Sodium(Na) 

6.Potassium(K) 

7.Chloride(Cl) 

8.Total Calcium(Ca) 

9.Magnesium(Mg) 

10.Inorganic Phosphorous(PO4) 

11.Cholesterol 

12.HDL.Cholesterol(HDL.C) 

13.LDL.Cholesterol (LDL.C) 

14.Triglyceride(TG) 

15.Total Protein (TP) 

16.Albumin (Alb) 

17.Bilirubin-Total (Bil-T) 

18.Alanine amino Transferase  (ALT) 

19.Aspartate amino Transferase (AST) 

20.Alkaline phosphates (ALP) 

1.Red Blood Cell (RBC) 

2.Hemoglobin (Hb) 

3.Hematocrite (HCT) 

4.Mean Corpuscular Volume(MCV) 

5.Mean Corpuscular 
Hemoglobin(MCH) 

6.Mean Corpuscular Hemoglobin 
Concentration  (MCHC) 

7.Red cell Distribution- Coefficient 
of Variation (RDW-CV) 

8.Platelets (PLT) 

9.Mean Platelets Volume(MPV) 

10.White Blood cell(WBC) 

11.Neutrophil (Neutro) 

12.Lymphocyte (Lympho) 

13.Monocyte (Mono) 

14.Eosinophil (Eosino) 

15.Basophil(Baso) 
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Table -2.2: The analytical methods and reaction principles used for the 
analysis of biochemistry tests  

Test Analytical Method Reaction Principle 
Glucose Spectrophotometry 

(End Point Assay) 
Hexokinase /G-6-PDH 

Creatinine Photometry 
(Fixed Point Assay) 

Modified Jaffe Method 

Urea Spectrophotometry(Rate 
Assay) 

Urease 

Uric Acid Photometry 
(End Point Assay) 

Uricas 

Sodium Potentiometric Not applicable 
Potassium Potentiometric Not applicable 
Chloride Potentiometric Not applicable 
Calcium Photometry 

(End Point Assay) 
Arsenazo 

Magnesium Spectrophotometry 
(End Point Assay) 

Xylidyl Blue 

Inorganic Phosphate Spectrophotometry 
(End Point Assay) 

Phosphomolybdate 

Cholesterol Photometry(End Point 
Assay) 

Enzymatic 

HDL.Cholesterol Photometry(End Point 
Assay) 

Enzymatic Immuno 
inhibition 

LDL.Cholesterol Photometry(End Point 
Assay) 

Enzymatic Selective 
Protection 

Triglyceride Photometry(End Point 
Assay) 

Glycerol Phosphate 
Oxidase 

Total Protein Photometry(End Point 
Assay) 

Biuret 

Albumin Photometry(End Point 
Assay) 

Bromcresol Green 

Bilirubin-Total Photometry(End Point 
Assay) 

DPD (Dichloro phenyl 
diazonium tetra 
fluoroborate) 

Alanine amino 
Transferase 

Spectrophotometry(Rate 
Assay) 

NADH (without 
pyridoxal-5- 
phosphate). 

Aspartate amino 
Transferase 

Spectrophotometry(Rate 
Assay) 

NADH ((without 
pyridoxal-5- 
phosphate). 

Alkaline phosphates Photometry (Rate Assay) Para-nitro phenyl 
Phosphate 
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Table -2.3: The analytical methods  used for the analysis of hematology on 
Sysmex XE2100  
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Test Analytical Method 
Red Blood Cell (RBC) Optical Impedance 

Hemoglobin Photometric 
Hematocrite Calculated 

Mean Corpuscular Volume Calculated 
Mean Corpuscular 

Hemoglobin 
Calculated 

Mean Corpuscular 
Hemoglobin 

Concentration 

Calculated 

Red cell Distribution- 
Coefficient of Variation 

Calculated 

Red Blood Cell (RBC) Optical Impedance 
Hemoglobin Photometric 
Hematocrite Calculated 

Mean Corpuscular Volume Calculated 
Mean Corpuscular 

Hemoglobin 
Calculated 

Mean Corpuscular 
Hemoglobin 

Concentration 

Calculated 

Red cell Distribution- 
Coefficient of Variation 

(RDW-CV) 

Calculated 
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Table-2.4:Total allowable error, analytical imprecision and Measurement 
Uncertainty 
 

Test Total 
allowable 

Error 

Mean Coefficient 
of variation(CV) 

Measurement 
Uncertainty 

Glucose 5.5 1.9993 3.9986 
Creatinine 8.87 2.2342 4.4684 

Urea 15.55 3.5415 7.0831 
Uric Acid 11.97 1.8736 3.7472 
Sodium 0.73 1.26623 2.5324 

Potassium 5.61 1.83572 3.6714 
Chloride 1.5 1.4355 2.8711 

Total Calcium 2.55 2.4514 4.90297 
Magnesium 4.8 2.8388 5.67775 

Inorganic Phosphorous 10.11 3.2371 6.47426 
Cholesterol 9.01 2.48589 4.9717 

HDL.Cholesterol 11.63 4.78538 9.5707 
LDL.Cholesterol 11.9 5.13879 10.277 

Triglyceride 25.99 2.41656 4.8331 
Total Protein 3.63 3.859 7.7181 

Albumin 4.07 2.0277 4.0555 
Alanine amino 

Transferase 
27.48 2.5805 5.1611 

Aspartate amino 
Transferase 

16.69 1.8816 3.7632 

Alkaline phosphates 12.04 4.22478 8.4495 
Red Blood Cell 4.4 0.9408 1.8816 

Hemoglobin 4.19 0.85613 1.71226 
Hematocrite 3.97 0.963803 1.9276 

Mean Corpuscular 
Volume 

2.5 0.9857 1.9714 

MCH 2.42 0.97856 1.95712 
MCHC 1.27 0.96897 1.93794 

RDW-CV 4.6 0.99589 1.99178 
Platelets 13.4 2.49881 4.99763 

Mean Platelets   Volume 5.84 1.9985 3.9971 
White Blood cell 15.49 1.88649 3.77298 

Neutrophil 23.35 1.76569 3.531396 
Lymphocyte 17.9 1.802365 3.60473 
Monocyte 27.9 1.985674 3.971349 
Eosinophil 37.1 1.896562 3.793124 
Basophil 38.5 2.012564 4.025128 
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2.9 Data Management and Statistical Analysis 
 
2.9.1 Data Management 
 

730 persons met the inclusion criteria and were included in the study. Data on 

biochemical parameters, fasting blood glucose(FBS), Creatinine, Urea, Uric 

Acid(UA), Sodium(Na), Potassium(K), Chloride (Cl), Total Calcium(Ca), 

Magnesium(Mg), Inorganic phosphorous(PO4),total Cholesterol, high density 

lipoprotein (HDL) (HDL.C), low density lipoprotein (LDL) cholesterol 

(LDL.C), Triglyceride(TG),Total Protein (TP),Albumin (Alb),Bilirubin-

Total(Bil-T),Alanine amino Transferase (ALT) , Aspartate amino Transferase 

(AST), Alkaline phosphates (ALP) and hematology parameters Red Blood Cell 

(RBC), Hemoglobin (Hb), Hematocrite (HCT),Mean Corpuscular 

Volume(MCV) Mean Corpuscular Hemoglobin(MCH),Mean Corpuscular 

Hemoglobin Concentration(MCHC),Red cell Distribution- Coefficient of 

Variation(RDW-CV).Platelets (PLT),Mean Platelets Volume(MPV),White 

Blood cell (WBC), Neutrophil (Neutro), Lymphocyte (Lympho), Monocyte 

(Mono), Eosinophil(Eosino), and Basophil(Baso) count , were recorded. All 

Data were  entered into a Microsoft Excel database, compared, and corrected for 

data entry errors then imported into Statistical Package for Social Sciences (IBM 

SPSS -20).  

The data was visually inspected for extreme values and the values for single 

parameters that appeared physiologically impossible were removed. Outliers in 

the remaining data were identified using 3 or 4 standard deviations and 1.5 inter 

quartile range (IQR) criteria. The first quartile (Q1), the median (Q2) and third 

quartile (Q3) were calculated for a given analyte that is, the interquartile range 

(IQR) by subtracting the first quartile from the third quartile (Q3 - Q1). When a 

value was lower than Q1 -1.5(Q3-Q1) or higher than Q3+1.5(Q3-Q1) it was 

considered as an outlier and removed prior to analysis. 
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2.9.2 Frequency distributions 

Figure 2.1 to 2.18show the frequency distributions obtained for the twenty 

biochemical and fifteen hematological analytes studied where the X-axis shows 

the concentration of the analyte and the Y-axis shows the number of individuals. 

 
Figure 2.1  : Frequency histograms of  Blood Glucose  and serum Creatinine. 
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Figure 2.2: Frequency histograms of Blood Urea and serum Uric acid. 
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Figure 2.3: Frequency histograms of serum Sodium and Potassium 
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Figure 2.4: Frequency histograms of serum Chloride and total Calcium 
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Figure 2.5: Frequency histograms of serum Magnesium and Inorganic Phosphate 
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Figure 2.6: Frequency histograms of total Cholesterol and HDL.Cholesterol 
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Figure 2.7: Frequency histograms of LDL.Cholesterol and Triglyceride 
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Figure 2.8: Frequency histograms of total Protein and Albumin 
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Figure 2.9: Frequency histograms of Bilirubin-Total and Alanine amino 
transferase 
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Figure 2.10: Frequency histograms of Aspartate amino transferaseand alkaline 
phosphatase 
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Figure 2.11: Frequency histograms of Red Blood Cell (RBC) and Hemoglobin 
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Figure 2.12 : Frequency histograms of  Hematocrite  and  MCV 
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Figure2.13: Frequency histograms of MCH and MCHC 
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Figure 2.14: Frequency histograms of RDW-CV and Platelets (PLT) 
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Figure 2.15: Frequency histograms of MPV and White blood cell (WBC) 
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Figure 2.16: Frequency histograms of Neutrophil and Lymphocyte 
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Figure 2.17: Frequency histograms of Monocyte and   Eosinophil   
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Figure 2.18: Frequency histograms of Basophil 
 

 

2.9.3 Normality test 

In this study performed both graphical and statistical methods for evaluating 

normality. We were checked statistically two numerical measures of shape 

skewness and kurtosis as well as performed the Shapiro-Wilk test to assess for 

normality. We also used graphical methods include the histogram and normality 

plot to test normality. 

If skewness is 0, the data are perfectly symmetrical and skewness is between -

0.5 and 0.5, the distribution is approximately symmetric.Although it is quite 

unlikely for real-world data.A Gaussian/normal distribution has a kurtosis of 

0.So either of these values is not close to zero, the data set is not normally 

distributed. 
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The Shapiro-Wilk Test is more appropriate for small sample sizes, but can also 

handle sample sizes as large as 2000. For this reason, we were used the Shapiro-

Wilk test as our numerical means of assessing normality. If the p value of the 

Shapiro-Wilk Test is greater than 0.05, the data is normal. If it is below 0.05, the 

data significantly deviate from a normal distribution. Table -4.5shows 

significance of the normality for data distribution, p value as per Shapiro-Wilk. 

(P<0.05 is considered significant), the table also shows skewness and kurtosis  of 

data. 

2.9.3.1Normal Q-Q Plot 

In order to determine normality graphically, we also were used the output of a 

normal Q-Q Plot. If the data are normally distributed, the data points will be 

close to the diagonal line. If the data points stray from the line in an obvious 

non-linear fashion, the data are not normally distributed. As we were seen from 

the normal Q-Q plot below the data is not normally distributed except 

cholesterol. Figure 4.19 to figure 4.36 shows the observed normal Q-Q plot for 

the entire data of all parameters. 

Since all of the measured parameters did not follow a Gaussian probability curve 

according Shapiro-Wilk tests for normality and normal Q-Q plot, non parametric 

statistical methods were  used to identify 95% reference ranges with their 90% 

confidence intervals as per the CLSI guideline. 
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Table 2.5: Significance of the normality for data distribution, p value as per 
Shapiro-Wilk test is given.( P<0.05 is considered  significant). 
 

Tests P- value  
( Shapiro-Wilk) 

Skewness Kurtosis 

Glucose 0.000 -0.221 -0.58 
Creatinine 0.000 -0.033 -0.724 

Urea 0.000 0.494 -0.218 
Uric Acid 0.000 -0.182 -0.514 
Sodium 0.000 0.332 -0.389 

Potassium 0.000 0.180 -0.230 
Chloride 0.000 -0.175 -0.296 

Total Calcium 0.000 0.153 -0.412 
Magnesium 0.000 0.342 -0.679 

Inorganic Phosphorous 0.000 0.478 -0.501 
Cholesterol 0.070 0.075 -0.303 

HDL Cholesterol 0.000 0.462 -0.289 
LDL.Cholesterol 0.029 -0.127 -0.213 

Triglyceride 0.000 0.611 -0.236 
Total Protein 0.000 -0.235 -0.515 

Albumin 0.000 0.019 -0.814 
Bilirubin-Total 0.000 0.758 -0.004 

Alanine amino Transferase 0.000 0.788 0.378 
Aspartate amino Transferase 0.000 0.433 -0.686 

Alkaline phosphates 0.000 0.334 -0.391 
Red Blood Cell (RBC) 0.000 0.072 -0.224 

Hemoglobin 0.002 -0.062 -0.342 
Hematocrite (HCT) 0.015 0.020 -0.460 

MCV 0.000 -0.566 0.036 
MCH 0.000 -0.579 -0.013 

MCHC 0.000 -0.262 -0.002 
RDW-CV 0.000 0.458 -0.064 

Platelets (PLT) 0.000 0.362 -0.421 
Mean Platelets Volume(MPV) 0.000 0.149 -0.468 

White Blood cell(WBC) 0.000 0.227 -0.598 
Neutrophil 0.000 0.115 -0.509 

Lymphocyte 0.000 0.129 -0.444 
Monocyte 0.000 0.377 -0.426 
Eosinophil 0.000 0.252 -0.861 
Basophil 0.000 0.274 -0.306 
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Figure 2.19 : Normal Q-Q plot of Glucose and Creatinine 
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Figure 2.20: Normal Q-Q plot of Urea and Uric acid 
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Figure 2.21: Normal Q-Q plot of   Sodium and Potassium 
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Figure 2.22: Normal Q-Q plot of Chloride and Calcium 
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Figure 2.23: Normal Q-Q plot of Magnesium and Inorganic Phosphorous 
 
 

 
 

 
 
 

 
 

 
 
 
 
 
 
 
 
 



 
Chapter 2               Materials and Methods
  

74 

Figure 2.24: Normal Q-Q plot of total Cholesterol and HDL. Cholesterol 
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Figure 2.25: Normal Q-Q plot of LDL. Cholesterol and Triglyceride 
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Fig. 6.5(e). Real part of the refractive index n of Mo2GaC, Nb2AsC, 
Nb2InC, and Ti2GeC for the incident light direction [100]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6.5(f). Real part of the refractive index n of Mo2GaC, Nb2AsC, 
Nb2InC, and Ti2GeC for the incident light direction [001]. 
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Fig. 6.5(o) Real part of the optical conductivity �V of Mo2GaC, Nb2AsC, 
Nb2InC, and Ti2GeC for the incident light direction [100]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 6.5(p) Real part of the optical conductivity �V of Mo2GaC, Nb2AsC, 
Nb2InC, and Ti2GeC for the incident light direction [001]. 

Energy, E (eV)

0 5 10 15 20

R
ea

l p
ar

t o
f o

pt
ic

al
 c

on
du

ct
iv

ity
, �V

0

3

6

9

12

Nb2AsC
Nb2InC

Mo2GaC

NbC [56]Expt.

Ti2GeC

Energy, E (eV)

0 5 10 15 20

R
ea

l p
ar

t o
f o

pt
ic

al
 c

on
du

ct
iv

ity
, �V

0

3

6

9

12

Nb2AsC
Nb2InC

Mo2GaC

Ti2GeC



                                               6. Results and discussions 134 

 

 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 6.6(e) Temperature dependence of heat capacity CV of the four MAX 
phase superconductors Mo2GaC, Nb2AsC, Nb2InC, and Ti2GeC. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6.6(f) Temperature dependence of heat capacity CP of the four MAX 
phase superconductors Mo2GaC, Nb2AsC, Nb2InC, and Ti2GeC. 
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2

AsC has the 

highest bulk modulus, shear modulus and Young modulus among the studied four 

superconducting MAX phases. As a result, Nb

2

AsC is the mos t difficult to be 

compress ed. It is also  
































































































































































































