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Evexia Diagnostics is proud to be 
partnered with The Integrative and 

Functional Nutrition Academy. We are 

committed to fostering your continued 

success by providing this 6-part webinar 
series on topics which are geared to better 
support your practice and help you to take 

advantage of the products and services 

offered by Evexia Diagnostics.



Evexia clients get 
UNBEATABLE SAVINGS 
on diagnostic testing …

By cultivating our professional 

relationships, collective bargaining, and an 

acute understanding of the functional 

medicine model, Evexia has assembled a 

catalog of individual tests and panels that 

are not only offered at unbeatable prices 

but provide a curated selection which 

supports any functional medicine practice.



Our Pathway to Wellness 

focuses on optimal functioning of 

the body, organs, and mind with 

the aid of advanced diagnostic 

tests and personalized treatment 

protocols. The Evexia Philosophy 

empowers our clients to support 

wellness by treating the whole 

system and not just the 

symptoms, one patient at a time.



The word Evexia means “wellness” in Greek. Our entire 

philosophy is guided by wellness and literally starts with 

our name.

What differentiates Evexia Diagnostics 
from the competition:
• Unbeatable pricing on top quality diagnostic 

testing.

• Full line of research backed, GMP certified 
nutraceutical products.

• Client success team provides personal one-on-
one support at extended business hours.

• Value added practice management services that 

cover many fronts, from Academic to Financial.
• Easy to use EvexiaLink™ platform to order tests 

and related items, as well as review reporting and 
more.



The Evexia Philosophy informs every step of our commitment to helping our clients establish the 

best protocols to help their patients. Learn more about the full range of solutions we offer like:



Functional Health ReportTM

Creating individualized treatment plans are made simple with the Functional Health Report (FHR). This easy to read 

report ranks imbalances, provides explanations and possible causes for those imbalances, while offering supplement 
solutions specifically tailored to each patient’s unique biochemistry.

This valuable feature helps to drive actionable results and support your recommendations on the next steps of 
treatment, while also increasing patient compliance by assisting them in better understanding and “owning” their 

health improvement.” Evexia Nutraceuticals, in conjunction with lifestyle and dietary protocols, complete the 
repeatable health management cycle and can help to improve your patient’s chances of success.

Tailored 
to your 
Patients!



Ask the Doctor

A FREE service available to all 
Evexia clients, accessed via 
your Evexia Clinician Portal. Dr. 
Wayne Sodano, Director of 
Clinical Support and Education 
will review test results, clinical 
conditions, further test 
recommendations or answer 
any other questions you may 
have via email. In addition our 
clients have the option of 
scheduling either a telephone 
or video conference for a fee.



Test Preparation and Reminders

EvexiaLink™
Our easy-to-use EvexiaLink™ platform provides access to order ALL 
available conventional and specialty lab tests. EvexiaLink allows you to 
order testing on patients in any state (excluding NJ, NY & RI), throughout 
Canada, and in Puerto Rico using our Evexia Internal Physician Network 
(EIPN). EvexiaLink is available to all clients on our website 
(www.EvexiaDiagnostics.com) as well as through your clinician portal. 



Test Preparation and Reminders

STEP 1: Register new or select existing 
patient.

STEP 2: Select panel / test(s) & submit 
order.

STEP 3: Electronic requisition form 
will be ready within 5 minutes.

Lab Order Fee: Evexia Diagnostics charges $15 for each 
order placed by non-licensed practitioners or licensed 
practitioners ordering for out-of-state patients. 

Restrictions: (1) Patients must be 6 years old or older 
for test(s) that require any blood draws. Patients 
under the age of 18 require the parental/guardian 
consent form to be completed electronically. (2) We 
do not support lab ordering for patients in NY, NJ, 
and RI.

*Note: Certain tests can only be ordered by licensed clinicians –
contact Customer Success Team for details on specific test 
eligibility at (888) 852-2723, Monday-Friday, 8AM – 8PM EST



Evexia Diagnostics brings true added value, support and partnership to all of its clients.

Contact us by these methods (8 am – 8pm EST): Learn more at our website

By Phone

(888) 852-2723 info@evexiadiagnostics.com

By Email By Chat

www.evexiadiagnostics.com www.evexiadiagnostics.com

http://evexiadiagnostics.com


(MULTIPLEX PCR)



Laboratory testing is used to detect 
disease, guide treatment, monitor 
response to treatment, and 
monitor disease progression. 

However, it is an imperfect 
science. Laboratory testing may fail 
to identify abnormalities that are 
present (false negatives) or identify 
abnormalities that are not present 
(false positives) 



R. Douglas Collins, MD:  

No laboratory result could be taken at 
face value due to the fact that there 
are many possibilities in error both in 
performance of the test and in its 
interpretation.

However, the clinician must never 
underestimate the value of the 
laboratory in clinical diagnosis, but 
a healthy degree of skepticism is 
essential in interpreting laboratory 
results. 

Collins RD. Illustrated Manual of Laboratory 
Diagnosis. 2nd Ed. Philadelphia: JB Lippincott 
Company; 1975. p. 9. 



Negative laboratory values 
do not necessarily rule out a 
clinical diagnosis. 

Incorrect test values or isolated 
individual variation in results 
may cause what’s been called 
the Ulysses Syndrome,  and 
result in loss of time, money, 
and peace of mind.  



For the busy clinician, 
laboratory tests may become a 
substitute for a comprehensive 
patient history and physical 
examination leading to the 
clinician treating the lab test 
results and NOT the patient. 

Treating lab test results 
exclusively will lead to 
decreased positive treatment 
outcomes and commence the 
“wild goose” chase. 



Laboratory tests can be 
categorized into three sections: 

• Diagnostic
• Screening
• Routine 



Clinicians who object to 
routine tests are 
reminded of the many 
patients with anemia and 
leukemia who have been 
saved from surgery by 
the routine CBC, and the 
cases of diabetes that 
would have been 
overlooked without 
routine blood sugar 
levels being checked.



• Establish a diagnosis

• Guide the course of treatment 

• Differentiate/rule out possible diagnoses

• Detect disease recurrence

• Assess the effectiveness of treatment

• Determine the stage, activity, or severity of a disease 

• Screen for disease

• Assessing nutriture 

• Screen for toxins and drugs 

Rationale for Obtaining Laboratory Blood Studies



• The reference range is a 
statistically-derived numerical 
range obtained by testing a 
sample of individuals assumed 
to be healthy. Reference ranges 
are usually established by 
obtaining a mean or average 
value plus and minus two 
standard deviations (SD), which 
follows a Gaussian distribution. 

• The Gaussian distribution also 
does not account for subclinical 
and certain physiological 
conditions.

The “Reference Range”: Problem and Biologic Variation



The “Reference Range”: Problem and Biologic Variation

Gaussian Distribution: Reference 
range is the mean (0) ±2 standard 
deviations. 

With this convention 5% (usually 
2.5% on the low side and 2.5% on 
the high side) of the results can be 
expected to fall outside the ±2 SD 
limit, even in a normal population.  



A more reasonable and clinically useful approach for interpreting lab test result is percentile ranking. 
This has been particularly useful in assessing the measure of risk factors for certain disease states.

Quintile Ranking 

High-sensitivity CRP measures have been developed in this way to relate levels to risk of 
cardiovascular disease. By dividing the populations tested into quintile ranks, researchers were 
able to correlate risk of cardiovascular events with these rankings.

By arranging the test data by quintile, the clinician can easily determine where a patient falls 
relative to a population from which the reference data were obtained. This allows the clinician 
to more easily assess the significance of the findings.



The history of optimal ranges dates 
back to the 1980’s.  All roads in regard 
to establishing an optimal range to 
specific analytes appears to lead back 
to Dr. Harry Eidenier. 

‘Biochemical Biopsy’ 

‘Optimal’ Reference Ranges



‘Optimal’ Reference Ranges

The information obtained from the blood chemistry 
analysis was compared to the history intake forms, 
physical examinations findings, symptom analysis, 
urinalysis, hair mineral analysis, stool analysis, and 
other diagnostic criteria. Over 10,000 patients were 
analyzed during the research time. 



‘Optimal’ Reference Ranges

Dr. Eidenier proposed the term ‘optimal 
range’ due to the patterns of blood test 
results he observed in healthy individuals. 

Essentially, the optimal range of an 
analyte can be viewed as the range of 
optimally functioning biochemistry. 



FALTS: 
Factors Affecting 
Laboratory Tests

• Pre-analytic factors
• Analytic factors
• Post-analytic factors 



Pre-Analytical Factors 



Pre-Analytical Factors 



Pre-Analytical Factors 

Biological	
Rhythms	(see	
below	for	more	
details)	

Circadian	(approximately	24-hour)	rhythms	have	implications	for	physiology,	
measurement	of	many	laboratory	tests,	drug	excretion,	and	responses	to	
therapy.	Levels	fluctuating	very	significantly	during	the	24-hour	cycle	include	
cortisol,	growth	hormone,	serum	acid	phosphatase,	aldosterone,	transferrin	
(maximum	4	pm	to	8	pm),	ACTH,	serum	iron,	serum	creatinine	(7pm	values	
130%	of	7am	concentration),	eosinophils	low	in	afternoon),	lymphocytes	
(maximum	in	early	am),	WBC	(maximum	in	early	am),	and	urine	urobilinogen	
(maximum	excretion	in	afternoon).		
Some	hormone	secretion	cycles	are	longer	(infradian)	–	e.g.	menstrual	cycle.	
	
An	individuals’	serum	iron	is	highest	in	the	morning.	The	results	obtained	from	
a	specimen	obtained	at	2	pm	may	be	as	much	as	50%	less	than	the	value	
obtained	at	8	am.	(For	this	reason,	I	recommend	having	the	patient	have	the	
majority	of	follow-up	testing	performed	at	the	same	time	of	day.)	

Altitude	 “Serum	hemoglobin	reference	ranges	are	adjusted	progressively	upward	for	
individuals	living	above	1000	feet.”1	

Fluid	Status		 Dehydration	causes	hemoconcentration.	Overhydration	causes	hemodilution.		
Organ	Function	 e.g.	bone	marrow	dysfunction	leads	to	pancytopenia	
 

 
1	Tietze	KJ.	Definitions	and	Concepts.	In:	Lee	M.	Basic	Skills	in	Interpreting	Laboratory	Data.	5th	Ed.	
Bethesda:	America	Society	of	Health-System	Pharmacist,	Inc.;	2013.	p.	11	



Biological rhythms are frequently 
observed for many physiologic and 
laboratory parameters. The types 
of rhythms that have the most 
influence on the interpretation of 
laboratory results are circadian, 
ultradian, and infradian rhythms. 
In addition, there are also 
seasonal rhythms. 

Pre-Analytical Factors: Biological Rhythms 



Pre-Analytical Factors: Biological Rhythms 

Circadian rhythm: different concentrations of the same analyte 
over a 24-hour period. (e.g. lymphocyte count in whole blood 
shows a peak (i.e. high concentration) at midnight, and a trough 
(low concentration) at 8 am.

Ultradian rhythm: analytes released in an intermittent or pulse 
fashion within a 24-hour period. (Mostly glandular secretions e.g. 
testosterone).

Infradian: analytes that exhibits cycles greater than 24 hours. The 
most common example: menstrual cycle (pituitary gonadotropins 
and ovarian hormones).  



Pre-Analytical Factors: Circadian Rhythms 



Pre-Analytical Factors: Circadian Rhythms 

Analyte
Time of Peak 

Concentration
Daily Percent Change 

of Analyte
Total WBCs 7 pm 38%

RBCs 4:30 am 10%
Lymphocytes 1:30 am 67%
Neutrophils 5 pm 61%
CD4+ Cells 12:30 am 51%

Urine - Volume 3 am 278%
Urine SG 4 pm 103%

Urine - Calcium 4 pm 333%
Urine Creatinine 9 pm 30%
Urine - Sodium 8 pm 54%



Biotin (vitamin B7) and 
its effects on certain
laboratory tests:

WHAT YOU
NEED TO KNOW



The risk for biotin 
interference extends to 
assays critical to internal 
medicine, such as tests for 
anemia, malignancies, 
autoimmune and 
infectious diseases and 
cardiac disease.

Erroneous Graves’ disease 
has been reported due to 
biotin ingested lab 
interference.

Always look for 
a discrepancy 
between the lab 
test result and 
the clinical 
presentation.



Biotin can also mask a true diagnosis such as causing a 
falsely low troponin level (troponin is a globular protein 
complex – positive in heart muscle injury).

Biotin does not interfere with laboratory tests at levels 
naturally found in foods and multivitamins, which is 
typically 30 micrograms per day.

Not all immunoassay systems are susceptible to biotin 
interference, in particular, the immunoassay systems 
that do not use what’s known as the
biotin-streptavidin capture method.

Biotin interference can be unpredictable. Daily amounts 
of 10 mg result in a misdiagnosis of thyrotoxicity and a 
failure to identify congestive heart failure.

There were also some immunoassay systems that were 
predicated to be associated with biotin interference, and 
did not!

FACTS:



• TSH

• Pituitary 
glycoprotein 
hormones

• Human 
chorionic 
gonadotropin

• Parathyroid 
hormone

• Insulin-like 
growth factor-1

• Insulin

• Thyroglobulin

Sandwich assay –
falsely lowered 
laboratory test 
results; used for 
large molecules, 
such as hormones 
and proteins

• C-peptide

• Ferritin

• N-terminal pro 
B-type natriuretic 
peptide

• Prolactin

• PSA

• FSH

• LH



• 25 hydroxyvitamin D

• Free T3

• Free T4

• Total T3

• Total T4

• Cortisol

• Estradiol

• Testosterone

Competitive assay 
– falsely elevated 
laboratory test 
results; measures
small molecules, 
such as steroids



• 8-hour washout period 
for healthy individuals 
taking 10 mg of biotin 
per day (assuming that 
the assay has a biotin 
interference threshold 
of 30 ng/mL or higher. 

• To be safe, it is 
recommended 
to have a 3-day 
washout.

How long does it 
take for biotin to 
clear the body?



Pharmacokinetic studies 
of a patient ingesting 
megadose (30 mg) of 
biotin revealed that its 
interfering effects on 
laboratory tests persisted 
for up to 24 hours. 

For a patient on a 
megadose of biotin, this 
finding means that it is 
prudent to stop taking 
biotin for at least 
2 days before blood 
draws. 

“Unfortunately, 
susceptibility to biotin 
interference is variable 
in magnitude and can 
skew results to either 
falsely high or falsely 
low depending on the 
assay design and 
conditions.” 



•Accuracy

•Precision

•Analyte

•Qualitative Test

•Quantitative Test

•Semi-quantitative Test

•Critical Value

Pertinent Laboratory Definitions 



Pertinent Laboratory Definitions 

Sensitivity: ability of the test to identify positive results in 
patients who actually have the disease. A test with a high 
sensitivity indicates a lower number of false-negatives test 
results.  [Sensitivity = true positive/true positive + false 
negative x 100%]

Specificity: percent of negative results in individuals without 
the disease. The lower the specificity of a test produces a 
greater amount of false-positive test results. A test with a 95% 
specificity means that 5% of the individuals who do not have 
the disease will test positive. [Specificity = true negative/true 
negative + false positive x 100%] 



Pertinent Laboratory Definitions 

Biomarker: a characteristic that is objectively 
measured and evaluated as an indicator of 
normal biological processes, pathogenic 
processes, or pharmacologic response to a 
therapeutic intervention. Biomarkers are used 
to diagnose and stage disease, assess disease 
progression, or assess response to therapeutic 
intervention. Examples of biomarkers are 
hemoglobin A1c, and tumor markers.



Pertinent Laboratory Definitions: 
Glossary of ‘Omics’ 



Pertinent Laboratory Definitions: 
Glossary of ‘Omics’ 



Laboratory Assay, Instrumentation and Technology



HEMATOLOGY



Composition of Blood

Blood is specialized fluid tissue that 
is composed of both cellular and non-
cellular components. Its function is to 
serve as a transport system which allows 
for various substances to be circulated 
within the body. The amount of blood in 
the average adult is about 5 liters with a 
specific gravity between 1.055 – 1.065 
and a narrow pH range between 7.3 – 7.4

Hematology: Blood 
Composition and Life 
Span of Blood Cells





Life Span of Blood Cells

Cell type Average Normal Life Span

Red Blood Cells 120 days

Granulocytes
4 to 8 hours in circulation + 4 to 5 days in 

tissue

Monocytes
10 to 20 hours in circulation (Macrophages 

can live for several months if not used)

Lymphocytes Weeks to months

Platelets Replaced every 10 days



Hemoglobin Synthesis

• The production of blood cells requires a significant amount of 
energy expenditure. 

• Hematopoiesis is maintained at optimal levels only when an 
adequate amount of high-quality protein is consumed and 
optimal proportions of fatty acids are present. 

• The hemoglobin combines with oxygen, loosely, and reversibly. 
The hemoglobin molecule transports oxygen to the peripheral 
tissue capillaries, then releases it. 

• Synthesis of hemoglobin begins in the pro-erythroblasts and 
continues into the reticulocyte stage of the red blood cell 
formation. 



Hemoglobin Synthesis
Hemoglobin synthesis begins in the mitochondria 
where succinyl-CoA, formed in the Krebs cycle, 
binds with the amino acid glycine to form 
5-aminolevulinic acid (ALA).



Hemoglobin Synthesis

• Understanding the synthesis of hemoglobin, the inherited enzyme 
defects that block its formation, and the impact of environmental 
toxins on hemoglobin formation is of vital importance for the 
integrative medicine clinician.  

• Substances such as heavy metals, pharmaceuticals, metabolic 
disturbances, and host environmental toxins such as pesticides, 
herbicides, and industrial and manufacturing by-products block heme 
synthesis, which eventually leads to an anemic state. 



Vitamin B6 (pyridoxine)

• Multiple forms of vitamin B6: active form of vitamin B6 is pyridoxal-5’-
phosphate (PLP or P-5-P). 

• Involvement in more than 100 enzymes that are associated mainly in protein 
and amino acid metabolism. 

• Cofactor for decarboxylases, aminotransferases, racemases, and 
dehydrogenases. 

• Liver enzymes aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) require B6 as a coenzyme. 

• PLP is a coenzyme for the enzyme aminolevulinate synthase, which is 
involved in the synthesis of heme. A deficiency of vitamin B6 can decrease 
hemoglobin synthesis leading to  hypochromic microcytic anemia. 

Nutrients Required 



Nutrients Required (continued) 

Vitamin B12 (Cobalamin) and Folate 

• Deficiencies of these two related vitamins, folic acid and vitamin B12, cause 
megaloblastic anemia (abnormally large red blood cell precursors and larger 
than normal red cells (macrocytic cells) in the peripheral blood. The 
abnormalities in cell morphology arise due to impaired production of 5, 
10-methylene-tetrahydrofolate (MTHF), an essential nutrient for DNA 
synthesis.  

• Vitamin B12 and folate depletion occur long before changes can be seen in 
red blood cell morphology. 



Nutrients Required (continued) 

Pantothenic acid (B5) 

• A precursor to coenzyme A (CoA): essential for the metabolism of 
carbohydrates, the metabolism of lipids and proteins. 

• It also appears that pantothenic acid, along with thiamine 
pyrophosphate (B1), lipoic acid, flavin adenine dinucleotide (B2), 
and nicotinamide adenine dinuceotide (B3), is a part of the pyruvate    
dehydrogenase complex (PDC) that converts pyruvate to acetyl-CoA.    
The acetyl-CoA then enters the citric acid cycle for energy metabolism.

• In lipid metabolism, CoA is important in the synthesis of cholesterol, bile 
salts, ketone bodies, fatty acids, and steroid hormones. It also appears 
the pantothenic acid is required for the synthesis of heme. 



Nutrients Required (continued) 

Vitamin C (Ascorbic acid)  

• Reducing agent (antioxidant) to maintain the iron and copper atoms in the 
reduced state. 

• Antioxidant for many reactive oxygen species such as hydroxyl radical, 
hydroperoxyl radical, superoxide radical, alkoxyl radical and peroxyl radical. 

• The anemia of scurvy is due in part to the depletion of the folate pool. Vitamin C 
appears to reduce the rate of oxidation of 10-formyl-tetrahydrofolate; thereby 
keeping the folate metabolic pool replete. 



Nutrients Required (continued) 

Copper (Cu)  

• Required for over 30 metalloproteins involved in oxidation-reduction reactions; 
neurotransmitter, energy, myelin and bone/connective tissue production, immune 
function, and hematopoiesis. 

• Low serum copper can contribute to cytopenia or bone marrow failure. The most 
frequently used biomarkers of copper status are plasma or serum copper and serum 
ceruloplasmin levels. RBC copper may be useful as a marker of copper status. 



Nutrients Required (continued) 

Iron (Fe)  

• Hemoglobin contains about 70% of total-body iron. Another 3.9% found in 
myoglobin and in mitochondrial proteins involved in energy metabolism and 
respiration such as cytochromes, catalase, peroxidase and metallo-
flavoprotein enzymes.

• Iron is in the center of the heme molecule and enables oxygen transport to 
tissues, transitional storage of oxygen in tissues, and transport of electrons 
through the respiratory chain via the cytochromes.  

• The thyroid enzyme involved in the production of thyroid hormones, thyroid 
peroxidase, is a heme-dependent enzyme. 



Amino Acids

Amino acids are critical for virtually every function in the body. Aside from 
their involvement in protein synthesis, amino acids are an integral part of 
neurotransmitters, hormones, and detoxification. In addition, certain amino 
acids are precursors of the heme molecule, nucleotides, and cell membranes. 

The amino acid glycine is used in the formation 
of heme (porphyrins).



• Measures the concentration of the white blood cells, red blood 
cells, and platelets. 

• It provides a substantial amount of information that assists in the 
diagnosis and treatment of numerous conditions such as:  anemia, 
infections, cancer of the blood cells, inflammation, environmental 
toxin exposure, renal disease (decreased erythropoietin), liver 
disease, autoimmune disease, and nutrient deficiencies.

The Complete Blood Count



• White blood cell count with differential

• Red blood cell count 

• Hemoglobin (HGB)

• Hematocrit (HCT)

• Mean corpuscular volume (MCV)

• Mean corpuscular hemoglobin (MCH)

• Mean corpuscular hemoglobin concentration (MCHC)

• Red blood cell distribution width (RDW)

• Platelet count, and mean platelet volume.

Collectively, MCV, MCH and MCHC are known as the red blood cell indices, 

which assist in the diagnosis of several types of anemia.

Components



• Reticulocyte count: an underutilized test that can assess 
erythropoietic activity. Used to evaluate a patient’s 
responsiveness to vitamin therapy, follow the progress 
of bone marrow transplant, or assess the impact of 
chemotherapy on hematopoietic function.

• The RBC blood smear is used to evaluated abnormally 
shaped RBCs and assess for RBC inclusions. 

Additional CBC Analytes



• The average life span: about 120 days. 
• No nucleus: cannot synthesize proteins for cellular repair. 
• The RBCs possess systems capable of preventing oxidative 

stress to the hemoglobin molecule. 
• Low membrane concentration of vitamin E in erythrocytes 

will shorten their life span and contribute to anemia. 

Indications and Use: 
• Evaluate for anemia.
• Support other hematologic test for diagnosing anemia.
• Serial testing in patients with blood loss.
• Assess for other conditions, such as polycythemia.
• Provide data for calculating RBC indices.

Red Blood Cell Count (erythrocyte count)



Red Blood Cell Count (erythrocyte count)

Gender Age
Reference

Range
Cells/uL

SI Units
Cells/L

Optimal 
Range

Cells/uL

Male >18 y 4.5 – 5.9 x 106 4.5 – 5.9 x 
1012

4.2 – 4.90 x 
106

Female >18 y 4.1 – 5.1 x 106 4.1 – 5.1 1012 3.9 -4.50 x 
106



Increased RBCs

• Polycythemia vera (primary polycythemia). Secondary polycythemia 
(ethryocytosis).

• Chronic obstructive pulmonary disease (COPD).
• Significant dehydration.
• Hemoglobinopathies.
• Medications: anabolic steroids, erythropoietin, gentamicin, 

methyldopa.
• High altitudes.

Decreased RBCs

• Various types of anemia (aplastic, anemia of chronic disease, iron-
deficiency, megaloblastic, pernicious, sickle cell, thalassemia, 
malabsorption (celiac disease), and hemolytic anemia.

• Blood loss (bleeding; GI, NSAIDs, menstruation).



• Transport mechanism for oxygen and carbon dioxide.

• Hemoglobin value is the amount of this metalloporphyrin-protein 
contained in a given volume of blood.

• Hemoglobin consists of heme (iron surrounded by 
protoporphyrin) and globulin (alpha and beta polypeptide chains). 

• Abnormalities in globulin structure are called 
hemoglobinopathies (e.g. sickle cell disease, hemoglobin C 
disease. Some diseases are caused by abnormalities in globulin 
synthesis, such as thalassemia.

Hemoglobin (Hgb, Hb)



• Hemoglobin synthesis starts and ends in the mitochondrial matrix, 
however enzymes located in the cytosol perform the ring-forming and 
decarboxylation steps. 

• The intermediate structures along the pathway are called 
porphyrinogens. 

• Heme is required at the active sites of oxygen-binding, oxygen-utilizing 
and oxidizing systems, hemoglobin (and myoglobin), cytochromes, and 
mitochondrial electron carriers.

Heme Biosynthesis



The final phase of metal incorporation inserts iron, cobalt or 
magnesium into the protoporphyrin ring to produce heme, 
cobalamin and, in plants, chlorophyll, respectively.

These complex organometallic structures are sometimes called 
the pigments of life.



• Inherited enzyme defects that can occur at specific 
location along the pathway. 

• Metabolic disorders (e.g. diabetes, disturbances in iron 
metabolism, and hematologic disease), environmental 
toxins (esp. heavy metals), and certain disease states (e.g. 
infectious disease, liver diseases, and malignancies) are 
conditions that can cause acquired porphyria. 

Porphyria 



Hemoglobin (Hgb, Hb)

Gender Age
Reference

Range g/dL
SI Units
mmol/L

Optimal Range
g/dL

Male Adult 14 – 17.5 8.7 – 11.2 14.0 – 15.0 

Female Adult 12.3 – 15.3 7.4 – 9.9 13.5 – 14.5



Increased Hemoglobin

Dehydration

Smoking 

Polycythemia vera

High altitude 

COPD/Emphysma 

Congenital heart disease

Decreased Hemoglobin
Anemia

Hemoglobinopathy

Dietary deficiency 
(e.g. iron, B12, B6, folate, copper, 
vitamin C)

Hemorrhage

Renal disease 
(reduced erythropoietin)

Chronic illnesses
(e.g. RA, lupus, sarcoidosis)

Digestive disorders 
(e.g. malabsorption, IBD, IBS)

Bone marrow 
failure/Cancer 



Hematocrit (Hct)

The hematocrit (packed cell volume) is the percentage of the total blood 
volume that is composed of RBCs. It is used as an indirect measurement of RBC 
number and volume. 

Gender Age
Reference
Range %

SI Units
(Proportion of 1)

Optimal Range
%

Male Adult 42 – 50 0.42 – 0.50 40.0 – 48.0 

Female Adult 36 – 45 0.36 – 0.45 37.0 – 44.0

Increased Hematocrit – same as Increased Hemoglobin

Decreased Hematocrit – same as Decreased Hemoglobin



RBC Indices - MCV, MCHC, MCH and RDW

The RBC indices: classification of anemias. 

Mean Corpuscular Volume (MVC) and red blood cell distribution width (RDW): 
RBC size.

Mean Corpuscular Hemoglobin (MCH): average amount (weight) of hemoglobin 
in the RBC.

Mean Corpuscular Hemoglobin Concentration (MCHC): average percentage of 
hemoglobin in the RBC.

RBC size is categorized by the following terms: normocytic, microcytic, and 
macrocytic. 

Hemoglobin content is categorized by the following term: normochromic, 
hypochromic and hyperchromic. 



RBC Indices - MCV, MCHC, MCH and RDW

Most clinically useful of the indices 

Macrocytic: large RBC – B12/Folate deficiency

Normocytic: normal size

Microcytic: small RBC – abnormal synthesis of hemoglobin – iron deficiency 
anemia

Hyperglycemia can cause macrocytosis: increased osmotic expansion

MCV =
Hematocrit (%) x 10

RBC count



RBC Indices - Mean Corpuscular Hemoglobin (MCH)

Individuals with iron deficiency or thalassemia who 
are unable to synthesize normal amounts of 
hemoglobin have a significantly reduced MCH value.

MCH =
Hemoglobin (g/dL) x 10

Total RBC count



RBC Indices - Mean Corpuscular Hemoglobin 
Concentration (MCHC)

MCHC is calculated by dividing the hemoglobin times 100 by the hematocrit. 
Iron deficiency is the only anemia in which the MCHC is routinely low, 
although it can also be decreased in other disorders of Hgb synthesis.

MCHC can be falsely elevated in hyperlipidemia. 

MCHC = Hemoglobin (g/dL) x  100

Hematocrit %



RBC Indices - Red Blood Cell Distribution (RDW)

RDW is an indication of the variation in RBC size (anisocytosis- unequal RBC 
size). 

RDW is calculated by lab instrumentation using the MCV and RBC values. 

Used primarily with other tests to differentiate iron deficiency anemia from 
thalassemias.

RDW increases in macrocytic anemias and in early iron deficiency, often 
before other tests show signs of this kind of anemia.

Increased values of RDW suggest the presence of a mixed population of 
cells (anisocytosis).



RBC Indices 

Analyte Age
Reference

Range 
Optimal Range

MCV Adult 80 – 96 fL/cell 85.00 – 92.00 fL/cell 

MCHC Adult
33.4 – 35.5 g/dL or 

33.4 – 35.5 %
32 – 35 %

MCH Adult 27 – 34 pg 27 – 31.9 pg

RDW Adult 11.5 – 15.5 % 11.70 – 13.00



Increased  MCV

Vitamin B12/folate deficiency

Hypochlorhydria

Poor nutrition

Chemotherapy

Chronic liver disease

Alcoholism

Hypothyroidism  

Decreased MCV

Iron deficiency

Thalassemia

Anemia of chronic illness

Increased MCHC

Spherocytosis 

Intravascular hemolysis

Decreased MCHC

Iron deficiency anemia

Thalassemia

Heavy metal toxicity



Increased MCH

Macrocytic anemias

Vitamin B12/folate deficiency

Increased RDW

Iron deficiency anemia

Vitamin B12/folate deficiency

Hemoglobinopathies 

(fragmentation increases RDW)

Decreased MCH

Iron deficiency

Blood loss

Heavy metal toxicity 



Reticulocyte Count and Reticulocyte Production Index

Reticulocyte: an immature non-nucleated red blood cell that contains some 
ribosomal ribonucleic acid in the cytoplasm which can be identified under the 
microscope on the peripheral blood smear.

Used in determining the production and development of red blood cells and 
bone marrow function. 

A small number of reticulocytes is considered normal. 

An essential component of the CBC and plays a prominent role in initially 
classifying many anemias.



Pivotal decision-making test when deciding whether the anemia is 
hyperproliferative anemia or hypoproliferative anemia. 

Useful in determining whether or not the bone marrow is responding 
to the anemia. 

When anemia develops, the bone marrow should respond with an 
increase in the reticulocyte count in an effort to maintain the 
hemoglobin level. 

The absence of an increase in reticulocyte count reflects an inability 
of the bone marrow to compensate for the anemia.

Reticulocyte Count



Reticulocyte Count

The reticulocyte count is calculated as a percentage of the total red 
blood cell count, and must be viewed in relationship to the RBC 
count. (false elevation – anemia)

In states of anemia, the reticulocyte percentage is not a true 
reflection of reticulocyte production. 

In order to use the reticulocyte count as a measure of red blood cell 
production, the count needs to be correct for both changes in 
hematocrit (RBC count) and the effect of erythropoietin on 
reticulocyte release from the marrow.



The first correction involves adjusting the 
reticulocyte count for the degree of anemia

Reticulocyte %corrected = reticulocyte %reported x 
(patient’s hematocrit/normal hematocrit)



A normal or low reticulocyte count in a patient with anemia 
indicates that the marrow response to the anemia by way of 
production of RBCs is inadequate and perhaps contributing to, 
or is the cause of, the anemia (aplastic anemia, iron 
deficiency, vitamin B12 deficiency, depleted iron stores).

An elevated reticulocyte count found in patients with a 
normal hemogram indicates increased RBC production 
compensating for an ongoing loss of RBCs (hemolysis or 
hemorrhage).  



To obtain the true index of marrow production in a severely anemic 
patient, a second correction must be made if marrow reticulocytes have 
entered circulation in response to high levels of erythropoietin. 

The second calculation is called the reticulocyte production index (RPI). 

RPI =
Reticulocyte % corrected

Correction Factor



Patient’s Hematocrit           Correction Factor

40-45                                                          1.0

35-39                                     1.5

25-34                                                           2.0

15-24                                  2.5

<15                                        3.0



RPI of less than < 2 (hypoproliferative) 

Inadequate bone marrow response:

• Iron deficiency anemia

• Vitamin B12/folate deficiency

• Chronic disease

• Aplastic anemia

• Myeloproliferative disease

Note: The second correction may not be accurate in the case of anemia 
caused by chronic disease due to the suppression of erythropoietin. 



RPI of greater than > 2 (hypoproliferative) 

Bone marrow is responding appropriately for the degree of anemia. 

• Anemia of acute blood loss

• Hemolysis

• Response to treatment

Elevated levels of bilirubin (indirect) and lactic dehydrogenase (LDH, 
esp. LDH1) are seen in cases of hemolysis. 



Indications and Use of the Retic Count:

• Evaluate erythropoietic activity (bone marrow responds to anemia).

• To help distinguish between hypoproliferative and hyperproliferative 
anemias.

• To assist with the assessment of blood loss.

• Monitor response to therapy of various anemias.

Gender Age Reference	Range	

M/F Infant 0.5	– 3.1	%	of	RBCs

M/F
Adult	and	
child

0.5	– 2.0	%	of	RBCs



Increased Retic Count

• Microscopic internal bleeding

• Hemolytic

• Hemorrhage (3 to 4 days later) 

• In response to treatment of iron deficiency anemia, pernicious anemia 
and folic acid deficiency.

• Oxidative stress (free radical pathology)

• Heavy metal toxicity

• Kidney disease (e.g. tumor) with increased erythropoietin production



Decreased Retic Count

• Pernicious anemia/folic acid deficiency

• Iron deficiency anemia

• Aplastic anemia

• Adrenocortical Hypofunction

• Anterior Pituitary Hypofunction

• Radiation therapy

• Malignancy

• Chronic diseases

• Kidney disease with decreased erythropoietin production

• Cirrhosis of the liver



White Blood Cell Count

• Fight infection and react against foreign bodies or tissue.

• Acute and chronic diabetic complications are correlated 
with an elevated WBC count; elevated WBC count, even 
within the normal range, is associated with both macro- and 
microvascular complications of type 2 diabetes.

• Higher WBC counts may be associated with the 
development of retinopathy, albuminuria, and peripheral 
vascular disease.



White Blood Cell Count

Increased WBC count (leukocytosis)
Infection: viral, bacterial
Inflammation 
Neoplastic disorder
Trauma
Tissue necrosis
Dehydration
Thyroid storm
Steroid use: glucocorticoids stimulate WBC 
production
Stress

Decreased WBC count  (Leukopenia) 
Autoimmune disease
Overwhelming infections
Chronic infections
Nutritional deficiencies (e.g. B12, iron)
Bone marrow failure
Malabsorption 
Drug toxicity

Age
Reference

Range
Cells/uL

SI Units
Cells/L

Optimal Range
Cells/uL

Adult 4.4 – 11.3 x 103 4.4 – 11.3 x 109 5.3 – 7.5 x 103 



White Blood Cell Count

Cell	Type RR*	% OR	% Absolute	Count** Description

Neutrophils 45	– 73 40-60 1000-7800/uL

Primary	function:	phagocytosis
Immature	cells:	Band/stab	cells
More	immature	=	shift	to	the	left

More	immature:	ongoing	acute	infection	
Most	common	granulocyte

Basophils	 0-1 0-1 0	– 200/uL
Phagocytosis	of	antigen-antibody	complexes
Contains:	heparin,	histamine,	serotonin

Eosinophils 0-4	 0-3	 0	– 450	uL Phagocytosis	of	antigen-antibody	complexes

Lymphocytes 20-40	 24-39 1000-4800/uL
T	cells:	thymus	cells

B	cells:	antibody	production
Natural	Killer	cells:	NK	cells

Monocytes 2-8 0-9 200	– 1000/uL	
Phagocytic:	remove	necrotic	debris	and	

microorganisms



Abnormal Diff and Absolute Count: Potential Etiologies 

Cell Type % Increased % Decreased
AC* éThreshold

Cells/uL
AC	êThreshold

Cells/uL

Neutrophils

Neutrophilia
Acute 

suppurative 
infection

Physical/emotion
al stress

Myelocytic 
leukemia
Cushing 

syndrome
Inflammatory 

disorders (e.g. RA, 
thyroiditis)
Metabolic 

disorders (e.g. 
gout, 

ketoacidosis, 
eclampsia)

Neutropenia
Aplastic anemia

Dietary deficiency
Overwhelming 

bacterial infection
Viral infection

Radiation Therapy
Chemotherapy

> 12,000 
Acute bacterial 

infection
Trauma

Myocardial 
infarction

Chronic bacterial 
infection

Sickle cell crises
Epinephrine

Lithium
Glucocorticosteriods

<	1500
Radiation	exposure
Vitamin	B12	or	folate

deficiency
Pertussis

Salmonellosis



Cell Type % Increased % Decreased
AC* éThreshold

Cells/uL
AC	êThreshold

Cells/uL

Basophils

Basophilia
Myeloprolifera

tive disease
Leukemia

Basopenia
Acute allergic 

reaction
Hyperthyroidism
Stress reaction

> 300
Chronic 

inflammation
Leukemia



Cell Type % Increased % Decreased
AC* éThreshold

Cells/uL
AC	êThreshold

Cells/uL

Eosinophils 

Eosinophilia
Parasitic 
infection

Allergic reactions 
(food/heavy 

metal**)
Eczema

Leukemia
Autoimmune 

diseases
Oxidative stress

Eosinopenia
Increased 

adrenosteriod 
production

> 300
Allergic 

disorder/asthma 
Parasitic infections

Leukemia
Medications

ACE inhibitors
Antibiotics

Allergic reaction to 
drugs

<	50
Acute	infection



Cell Type % Increased % Decreased
AC* 

éThreshold
Cells/uL

AC	êThreshold
Cells/uL

Lymphocytes

Lymphocytosis
Chronic bacterial 

infection
Viral infection
Lymphocytic 

leukemia
Multiple myeloma

Radiation
Infectious 

mononucleosis
Infectious hepatitis 

Lymphocytopeni
a

Leukemia
Immunodeficienc

y
Lupus

Radiation therapy
Drug therapy 

> 4000 
Infectious 

mononucleosis
Viral infections

Tuberculosis
Syphilis

Lymphoma

<	1000
HIV	type	1

Radiation	exposure
Glucocorticosteroids
Lymphoma	(Hodgkin’s)

Aplastic	anemia



Cell Type % Increased % Decreased
AC* éThreshold

Cells/uL

AC	
êThreshold
Cells/uL

Monocytes

Monocytosis
Chronic 

inflammatory 
disorders

Viral infections (e.g. 
mono)

Tuberculosis
Chronic ulcerative 

colitis
Parasites 

Monocytopenia
Aplastic anemia

Hairy cell leukemia
Drug therapy: 

prednisone
Long-term chronic 

inflammation

> 800 
Recovery state of 

acute bacterial 
infection

Protozoal or 
rickettsia infection

Endocarditis
Leukemia/lymphom

a



Platelet (Thrombocytes) and Mean Platelet Volume 

Platelets are non-nucleated, disk shaped structure, 1-5 micron in diameter.

Megakaryocyte production and maturation are promoted by the hormone 
thrombopoietin.

Their main role is to maintain vascular integrity (blood clotting).

Play a role in the pathological process of the formation of arterial thrombi.

Affected by numerous factors such as medications, vitamins foods, spices, 
and systemic conditions; including chronic renal disease and hematological 
diseases such as myeloproliferative and lymphoproliferative disease, 
dysproteinemias, and the presence of antiplatelet.



Platelet (Thrombocytes) 

Age
Reference Range 

Count/ uL
or count/mm3

SI Units
(___ x 109/L)

Optimal Range
Count/uL

Adult 150,000 – 450,000 0.42 – 0.50 150,000 – 400,000

Platelet antibody testing can help differentiate between immune and non-
immune thrombocytopenia (low platelet count).



Increased Thrombocythemia 
(thrombocytosis, elevated platelet count)

• Acute hemorrhage
• Severe trauma
• Malignancies - about 50% of patients with unexpected thrombocytosis 

are found to have a malignancy
• After splenectomy
• Infections
• Chronic inflammatory disorders (e.g. rheumatoid arthritis, 

pancreatitis)
• Stress 
• Cirrhosis
• Magnesium deficiency (Generalized stimulation of bone in response to 

anemia may cause thrombocytosis and leukocytosis as a consequence 
of increased demand for RBCs imparted by a deficiency in magnesium)



Thrombocytopenia 

Mucosal and/cutaneous bleeding is the most common clinical consequence of 
thrombocytopenia; however, patients with only modest decreases in platelet 
counts may be asymptomatic.

Decreased Production: Any disease/condition that affects bone marrow 
production such as viral infections, toxic chemical, heavy metals, oxidative stress, 
chemotherapy, and heavy alcohol consumption. 

Increased platelet consumption: Any disease/condition that causes an increase 
in platelet destruction such as, pregnancy, idiopathic thrombocytopenic purpura, 
autoimmune diseases (e.g. lupus, RA), hemolytic uremic syndrome, disseminated 
intravascular coagulation and thrombotic thrombocytopenia purpura

Hyperthyroidism and hypothyroidism 

Medications 



MPV: Reference and Optimal Range: 7 – 11fL 

Mean platelet volume (MPV) is generally  used to assess disturbances 
in platelet production. 

In general, lower platelet counts are common with higher platelet 
volumes, as an inverse relationship exists between the platelet count 
and MPV. 

Elevated MPV with thrombocytopenia suggests the production of 
platelets is intact. 

Normal or lower MPV with thrombocytopenia suggest a problem 
with platelet production. 



Increased MPV

Diabetes	mellitus
Hereditary

Hyperthyroidism
Immune	thrombocytopenic	purpura

Myocardial	infarction
Pregnancy-induced	hypertension

Renal	failure
Respiratory	disease

Sepsis	

Decreased MPV

HIV	infection
Chemotherapy
Hypersplenism
Hypothyroidism
Marrow	aplasia

Reactive	thrombocytosis
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