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* Biogenetix products are not intended to diagnose, treat, reverse, 
cure, or prevent any disease. They are intended to be used as 
dietary supplements for the sole purpose of supporting patients. The 
following statements have not been evaluated by the FDA.

* The information provided in this presentation is for your 
consideration only as a practicing health care provider. Ultimately 
you are responsible for exercising professional judgment in the care 
of your own patients.

Disclaimer
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As of 2014, 60 percent of American adults had 
at least one chronic condition, and 42 percent 
had more than one chronic condition. 

NOTE: Percentages may not total 
100 because of rounding.

Figure 1.1. Percentage of U.S. Adults with Chronic Conditions, by Number of Chronic 
Conditions (2014)
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Americans with five or more chronic conditions 
make up 12 percent of the population but 
account for 41 percent of total health care 
spending. 

Figure 2.2. Prevalence and Spending by Number of Chronic Conditions (2014)
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NOTE: Total health care 
spending defined as the amount 
spent on all outpatient and 
inpatient health care services 
across all payers, including out-
of-pocket payments. 

Percentages may not total 100 
because of rounding.
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Americans with 5 or 
more chronic 
conditions make up 
12% of the population, 
but account for 41% of 
all health related 
expenses.

www.fightchronicdisease.org/sites/default/files/TL221_final.pdf



Patients with 5 or more 
chronic conditions 
spend 2x as much as 
those with 3-4, and 14x
as much as someone 
without any chronic 
condition at all.
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People with chronic conditions have higher 
health care spending. 

Figure 2.3. Health Care Spending by Number of Chronic Conditions (2014)

Those with five or more chronic conditions spend twice as much on average as those with three 
or four conditions, with the majority of that additional spending going to office visits, inpatient 
visits, and prescriptions.
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NOTE: Total health care spending 
is defined as the amount spent on 
health care services across all payers, 
including patient out-of-pocket 
payments. 

Average utilization is presented; not 
everyone uses a particular service in 
a given year, especially inpatient stays 
and ED visits.
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14 times more spending 
On average, Americans with 
five or more chronic conditions 
spend 14 times more on health 
services than people with no 
chronic conditions. 
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Figure A.1. Prevalence of Multiple Chronic Conditions (2003–2014)
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NOTE: This figure documents the 
prevalence of multiple chronic 
conditions (two or more) by age 
group. The trend lines break 
at 2007 to indicate that MEPS 
changed its approach to the 
chronic disease questions.

Comparison of the Trends in Chronic Disease in 
MEPS to Other Sources

Our estimates of the trend in chronic condition prevalence 
are flat for the period 2008–2014. This is consistent with other 
national datasets, notably the Medicare population from data 
tables of chronic conditions for fee-for-service beneficiaries 
from the Centers for Medicare & Medicaid Services (CMS) and 
the National Health Interview Survey (NHIS), both of which are 
publicly available (Figure A.2).24, 25 We did not examine particular 
individuals over time to determine whether they experienced 
more chronic conditions. While the prevalence has remained 
stable over time, the absolute numbers may have increased—
particularly for older Americans, as the baby-boomer generation 
becomes eligible for Medicare.
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Chronic Conditions and Lifespan

Med Care. 2014 Aug;52(8):688-94. doi: 10.1097/MLR.0000000000000166.
Multiple chronic conditions and life expectancy: a life table analysis.
DuGoff EH1, Canudas-Romo V, Buttorff C, Leff B, Anderson GF.

0 chronic conditions:     67+22.6 additional years
5 chronic conditions:     67+14.9 additional years
10 chronic conditions:   67+5 additional years

https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm=DuGoff%2520EH%255BAuthor%255D&cauthor=true&cauthor_uid=25023914
https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm=Canudas-Romo%2520V%255BAuthor%255D&cauthor=true&cauthor_uid=25023914
https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm=Buttorff%2520C%255BAuthor%255D&cauthor=true&cauthor_uid=25023914
https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm=Leff%2520B%255BAuthor%255D&cauthor=true&cauthor_uid=25023914
https://www.ncbi.nlm.nih.gov/pubmed/%3Fterm=Anderson%2520GF%255BAuthor%255D&cauthor=true&cauthor_uid=25023914




Goldman Sachs asks in biotech research report: 
'Is curing patients a sustainable business 
model?'

”…where the success of [its] hepatitis C franchise has 
gradually exhausted the available pool of treatable 
patients," the analyst wrote. "In the case of infectious 
diseases such as hepatitis C, curing existing patients also 
decreases the number of carriers able to transmit the 
virus to new patients, thus the incident pool also declines 
… Where an incident pool remains stable (eg, in 
cancer) the potential for a cure poses less risk to the 
sustainability of a franchise."

https://www.cnbc.com/amp/2018/04/11/goldman-asks-is-curing-patients-a-sustainable-business-model.html?__twitter_impression=true

April 2018



People are not commodities…
unless THEY CHOOSE TO BE.

How do you transition your 
approach?





WHY

Way 
forward.

Discipline

Work the Responsibility Machine
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Urgency



Blood

OAT

Stool

Saliva

Food
DUTCH

History

DNA

Functional Medicine Diagnostic Workup

The Plan



Progress.
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Why Blood Chemistry

1. Provides objective, measurable, reliable data.
2. Evaluates physiology for multiple body systems and processes 

including hormones, blood sugar regulation, kidney function, 
liver function, digestive function, cardiovascular health, 
oxygen carrying, oxidative stress, inflammation and more.

3. Scientifically validated test– it is the language used in health 
care worldwide
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You cannot manage what you aren’t measuring.
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Too many labs?
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At a minimum, there is a great deal of prognostic information in these 
standard laboratories that we are not currently using in a quantitative 
way. The authors should be commended for this ironic finding, that 
although enormous resources are being poured into identification of 
novel genomic risk markers, we have not adequately assessed what we 
already have at our fingertips every day.

The key message is that routinely available but less “novel” laboratory 
data must be considered. To go one step further, given the importance of 
efficiency in medical care, the default assumption should be to consider 
routine laboratory data of greater value than novel biomarkers unless the 
new techniques are shown by rigorous statistical testing to provide 
clinically significant incremental improvements in risk assessment or 
improve the coupling of risk prediction with therapeutic decision-making.
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The Way Forward

TODAY
1. Overview – composition of blood, basic concepts of blood 

chemistry testing, reference ranges
2. Glucose regulation (huge) and associated markers

TOMORROW
1. Anemia Panels
2. Electrolytes

23



A Few Things . . .

* No such thing as a perfect lab test.  They all have pros and 
cons.

* Very few markers on a blood chemistry points to one thing (eg
high TSH = hypothyroidism)
* Long list of possibilities for any given marker out of range

24



Current Findings :
1) Neutrophiles, High/Present

HEIRARCHICAL
---------------------------------------------------------------------

1  Abscess pathophysiology
1  Abscess, lesser sac   (567.2)
1  Bacterial infection   (041.9 unspecified)
1  Epidural abscess   (324.9)
1  Malignancy/cancer
1  Muscle abscess   (728.89 unspecified)
1  Neoplasms/tumors
1  Periorbital cellulitis   (376.01)
1  Right sided diverticulitis   (562.00 unspecified)
1  Thigh cellulitis   (682.6)

DRUGS
---------------------------------------------------------------------

1  Corticosteroid administration
1  Fluphenazine (Prolixin) admin
1  Lithium (Lithane/Lithonate) admin
1  Lithium toxicity/overdose   (985.8)
1  Niacin/Nicotinic acid admin

TRAUMA
---------------------------------------------------------------------

1  Multiple trauma   (959.8)

POISON AGENT SPECIFIC
---------------------------------------------------------------------

1  Black widow spider bite   (989.5 - E906.4)
1  Iron intoxication, acute   (964.0)
1  Snakebite (rattlesnake/pit viper type)   (989.5 - E906.2)

ELECTROMAGNETIC PHYSICS TRAUMA
---------------------------------------------------------------------

1  Burns/severe/extensive   (948.0 - 948.9)
1  Electrical injuries   (994.8)

INFECTIOUS AGENT SPECIFIC
---------------------------------------------------------------------

1  Amebiasis (006.9)
1  Bacterial tracheitis (464.10)
1  Eosinophilic meningoencephalitis (323.9)
1  Erysipelas   (035)
1  Glanders (malleomyces mallei)   (024)
1  Glanders abscess   (024)
1  Lassa fever   (078.89)
1  Legionaire's disease   (482.84)
1  Leptospiral disease   (100.9 leptospirosis, unspecified)
1  Leptospiral meningitis   (100.81)
1  Leptospirosis/severe (Weils) type   (100.0)
1  Meningococcemia/meningococcus (036.2 - 036.9)
1  Metastatic staphylococcus abscess synd (682.9)
1  Myocarditis, bacterial   (422.92)
1  Primary bacterial peritonitis/ascites   (567.2 - 789.5)
1  Rat bite fever, spirillary (026.0)
1  Respiratory syncytial virus infection   (079.6)
1  Staphylococcus aureus infection   (041.11)

1  Streptococcal pharyngitis, beta type A   (034.0)
1  Tetanus
1  Trichinosis   (124)
1  Tularemia   (021.9)

INFECTED ORGAN ABSCESS
---------------------------------------------------------------------

1  Abscess Bartholin gland cyst   (616.2)
1  Abscess, abdominal, visceral   (567.2)
1  Abscess, cervical gland   (682.1)
1  Abscess, dentoalveolar (522.5)
1  Abscess, gallbladder/pericholecystic (575.0)
1  Abscess, intracranial   (324.0)
1  Abscess, intraperitoneal, RL quadrant   (567.2)
1  Abscess, ischiorectal (566)
1  Abscess, liver   (572.0)
1  Abscess, myocardium   (422.92)
1  Abscess, parapharyngeal (478.29)
1  Abscess, paraspinal (324.1)
1  Abscess, perianal/pararectal (566)
1  Abscess, periapical (522.5)
1  Abscess, renal   (590.2)
1  Abscess, retroperitoneal   (567.2)
1  Abscess, retropharyngeal   (478.24)
1  Abscess, subarachnoid   (324.9)
1  Abscess, subcutaneous   (682.9 unspecified)
1  Abscess, submammary (611.0)
1  Abscess, submastoid/Bezold's abscess   (383.01)
1  Abscess, subphrenic (998.59)
1  Anterior tibial compartment/fasciitis   (729.4 unspecified)
1  Appendicitis   (541)
1  Appendix abscess   (540.1)
1  Areolar abscess/nipple   (661.0)
1  Arthritis   (716.90)
1  Bacterial endocarditis/acute   (421.0)
1  Brain abscess   (324.0)
1  Breast abscess   (611.0)
1  Brodie's abscess   (730.1)
1  Cellulitis   (682.9)
1  Cellulitis, chronic pelvic   (614.4)
1  Cellulitis, dissecting, of scalp   (704.8)
1  Cellulitis, pelvic, acute   (614.3)
1  Cellulitis, periurethral, male   (597.0)
1  Cellulitis/lower extremities   (682.6 - 682.7)
1  Cellulitis/pinna   (380.10)
1  Cerebral abscess/congen. cardiac anomly (324.0)
1  Cervical adenitis/abscess   (289.5 - 289.0)
1  Cholangitis, ascending   (576.1)
1  Cholecystitis without gallstones   (575.0)
1  Cholecystitis, acute   (575.0)
1  Diverticulitis/phlegmon/abscess   (562.11 - 682.9)
1  Emphysematous cholecystitis (575.0)
1  Endocarditis, infective   (421.0)
1  Endometritis, acute   (615.0)
1  Gingiva, abscess   (523.3)
1  Hepatic abscess, pyogenic   (572.0)
1  Intraperitoneal abscess   (567.2 - 567.0)
1  Lacrimal gland infection/abscess   (375.03)
1  Lung abscess   (513.0)

1  Mastoiditis, zygomatic (383.9 unspecified)
1  Meckel's acute diverticulitis   (751.0)
1  Mediastinal abscess   (513.1)
1  Nasal septum abscess/hematoma   (920)
1  Omentum abscess   (567.2)
1  Osteomyelitis   (730.2)
1  Osteomyelitis, vertebral   (730.28)
1  Ovarian abscess/Tubo-ovarian abscess   (614.2)
1  Pancreas abscess   (577.0)
1  Pelvic abscess   (614.4)
1  Pelvic inflammatory disease   (614.9)
1  Penis cellulitis   (607.2)
1  Perinephric abscess   (590.2)
1  Peritonitis, acute   (567.9)
1  Peritonsillar abscess   (475)
1  Periurethral abscess   (597.0)
1  Prostate abscess   (601.2 - 098.12)
1  Prostatitis, acute   (601.0)
1  Psoas abscess   (728.89)
1  Puerperal pelvic cellulitis/sepsis   (670.00)
1  Pyopneumothorax (510.9 - 510.0)
1  Scrotum abscess   (608.4)
1  Septicemia   (038.9)
1  Sialadenitis (527.2)
1  Spinal epidural abscess   (324.1)
1  Splenic abscess   (289.59)
1  Stomach abscess   (535.0)
1  Subhepatic/gallbladder bed abscess   (575.0)
1  Submaxillary gland infection/abscess   (527.3)
1  Suppurative lymphangitis (682.9)
1  Testis, abscess   (604.0)
1  Tibia osteomyelitis   (015.7)
1  Tonsil, abscess   (475)
1  Vitreous, abscess   (360.04)

GRANULOMATOUS INFLAMMATORY
---------------------------------------------------------------------

1  Pancreatitis, acute   (577.0)

METABOLIC STORAGE DISORDER
---------------------------------------------------------------------

1  Diabetic ketoacidosis/coma   (250.3)

ALLERGIC COLLAGEN AUTO-IMMUNE
---------------------------------------------------------------------

1  Anaphylaxis, generalized   (995.0)
1  Dressler's syndrome   (411.0)
1  Hypersensitivity pneumonitis   (495.9)
1  Nephrotic syndrome   (581.9)
1  Polyarteritis nodosa (446.0)
1  Purpura fulminans (286.6)
1  Reiter's syndrome   (099.3)
1  Rheumatic fever   (390)
1  Serum sickness   (999.5 unspecified)
1  Temporal/cranial arteritis   (446.5)
1  Thrombotic thrombocytopenic purpura (287.3)
1  Urticaria (708.9)

CONGENITAL DEVELOPMENTAL

---------------------------------------------------------------------
1  Granulomatous dis/childhood, chronic   (686.1)
1  Hemolytic disease of newborn   (773.2)

HEREDITOFAMILIAL
---------------------------------------------------------------------

1  Agranulocytosis, infantile hereditary   (288.0)
1  Sickle cell anemia   (282.60)
1  Sickle cell crisis   (282.62)

RELATIONAL PSYCHIATRIC
---------------------------------------------------------------------

1  Stress/Emotional/Physical   (308.0)

STRUCTURAL ANATOMIC FOREIGN BODY
---------------------------------------------------------------------

1  Acute gastric acid/aspiration syndrome   (536.0 - 535.40)
1  Choledocholithiasis (574.50)
1  Gastroduodenal perforation   (533.90 - 533.91)
1  Pulmonary embolism   (415.11)
1  Thrombophlebitis, peripheral   (451.2)
1  Thrombosis, arterial   (444)

ARTERIOSCLEROTIC VASCULAR
---------------------------------------------------------------------

1  Cerebral hemorrhage   (431)
1  Gangrene, ischemic   (785.4 - 440.24)
1  Infarction, bowel   (557.0)
1  Myocardial infarction, acute   (410.90)
1  Pulmonary infarction   (415.10)

FUNCTIONAL PHYSIOLOGIC
---------------------------------------------------------------------

1  Exercise/Aerobic exercise   (V57.0)

VEGETATIVE AUTONOMIC
---------------------------------------------------------------------

1  Cushing's disease   (255.0)
1  Eclampsia of pregnancy   (642.60)
1  Mastitis, puerperal   (675.20)

REFERENCE TO ORGAN SYSTEM
---------------------------------------------------------------------

1  Hemorrhage, acute   (459.0)
1  Leukemoid reaction   (288.8)
1  Renal failure, acute   (586)

NEOPLASTIC
---------------------------------------------------------------------

1  Adenocarcinoma, pancreatic   (157.9)
1  Carcinoma, bronchogenic   (162.9 primary - 212.3 benign)
1  Carcinoma, hepatocellular   (155.0)
1  Hodgkins disease   (201.90)
1  Metastatic malignancy (cancer)
1  Myelogenous leukemia, chronic   (205.1)
1  Myelogenous/Blastic Leukemia, Acute   (205.00)
1  Myeloproliferative disease   (238.7)
1  Polycythemia vera (238.4)
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HEIRARCHICAL
---------------------------------------------------------------------

1  Aflatoxicosis/Aflatoxin ingest/effect   (989.7)
1  Heart disorders   (427.9)
1  Liver disorders   (573.9)
1  Muscle disorders   (728.9)
1  Obstructive jaundice syndrome   (576.8)

DRUGS
---------------------------------------------------------------------

1  Cholestasis, estrogen/OC pill induced   (576.8 cholestasis)
1  Drug-induced hepatitis   (573.3)
1  Isoniazid hepatitis   (573.3)

TRAUMA
---------------------------------------------------------------------

1  Crush syndrome (muscle injury severe)   (958.5)
1  Heat stroke   (992.0)
1  Myocardial contusion   (861.01)

POISON AGENT SPECIFIC
---------------------------------------------------------------------

1  Alcohol intoxication, acute   (305.00)
1  Alcoholic liver disease   (571.3 unspecified)
1  Alcoholism, chronic   (303.90 unspecified)
1  Drug abuse/recreational/substance abuse   (305.9)
1  Haff disease poisoning   (985.1)
1  Halothane exposure liver disease   (968.1)
1  Mushroom poisoning/all types   (988.1)

POISONED ORGAN
---------------------------------------------------------------------

1  Alcoholic fatty liver   (571.0)
1  Cirrhosis, portal (Laennec's alcoholic)   (571.2)
1  Hepatitis, alcoholic   (571.1)
1  Hepatitis, toxic   (573.3)
1  Neuroleptic malignant syndrome   (333.92)

ELECTROMAGNETIC PHYSICS TRAUMA
---------------------------------------------------------------------

1  Hypothermia, accidental/exposure   (991.6)

INFECTIOUS AGENT SPECIFIC
---------------------------------------------------------------------

1  Alveolar hydatid disease   (122.9)
1  Amebic abscess, liver   (006.3)
1  Anicteric viral hepatitis   (070.9)
1  Brucellosis   (023.9)
1  Chronic malaria   (084.6)
1  Cirrhosis, syphilitic (Hepar lobatum)   (095.3)
1  Cytomegalic infection, disseminated   (078.5)
1  Cytomegalic mononucleosis syndrome   (078.5)
1  Delta agent hepatitis   (070.33)
1  Ehrlichiosis (082.40)
1  Hepatic brucellosis   (023.9)
1  Hepatic leptospirosis   (100.0)
1  Hepatitis A   (070.1)
1  Hepatitis B   (070.30)
1  Hepatitis B vasculitis syndrome   (447.6 vasculitis - 070.30 Hep

B)
1  Hepatitis C virus (non-A, non-B)   (070.51)
1  Hepatitis E virus   (070.53)
1  Hepatitis G virus   (573.3 unspecified)
1  Hepatitis, amebic   (006.3)
1  Hepatitis, cholestatic, viral type   (573.8)
1  Hepatitis, chronic active/HBV   (571.49)
1  Hepatitis, chronic C type   (070.54)
1  Hepatitis, complicating (non-hep virus)   (573.3)
1  Hepatitis, mononucleosis   (075)
1  Hepatitis, persistant, chronic   (571.41)
1  Hepatitis, toxoplasmosis   (130.5)
1  Hepatitis, viral   (070.9)
1  Hepatitis/chronic aggressive   (571.49)
1  Infectious mononucleosis   (075)
1  Kawasaki disease   (446.1)
1  Legionaire's disease   (482.84)
1  Leptospiral disease   (100.9 leptospirosis, unspecified)
1  Leptospirosis/severe (Weils) type   (100.0)
1  Listeria hepatitis, newborn   (774.4 - 027.0)
1  Perihepatitis, gonococcal (098.86)
1  Plasmodium falciparum malaria   (084.0)
1  Q fever   (083.0)
1  Reye's syndrome   (331.81)
1  Rubella   (056.9)
1  Scrub typhus   (081.2)
1  Toxic shock syndrome   (040.89)
1  Typhoid fever   (002.0)
1  Typhus, acute/epidemic   (080)

INFECTED ORGAN ABSCESS
---------------------------------------------------------------------

1  Cholecystitis without gallstones   (575.0)
1  Cholecystitis, acute   (575.0)
1  Drug-induced Hepatitis, idiosyncratic   (573.3)
1  Hepatitis, bacterial   (070.1)
1  Hepatitis, granulomatous   (573.3 - 681.1 granuloma)

GRANULOMATOUS INFLAMMATORY
---------------------------------------------------------------------

1  Pancreatitis, acute   (577.0)
1  Sarcoidosis (135)

METABOLIC STORAGE DISORDER
---------------------------------------------------------------------

1  Cryoglobulinemia, idiopathic   (273.2 - 273.3)
1  Diabetic ketoacidosis/coma   (250.3)
1  Erythrohepatic protoporphyria (277.1)
1  Fructose intolerance, hereditary   (271.2)
1  Hemochromatosis   (275.0)
1  LCAT deficiency
1  Wilsons Disease   (275.1)

ALLERGIC COLLAGEN AUTO-IMMUNE
---------------------------------------------------------------------

1  Autoimmune hepatitis (Plasma cell)   (571.49)
1  Cirrhosis, primary biliary   (571.6)
1  Dermatomyositis (710.3)
1  Polymyositis (710.4)

1  Primary sclerosing cholangitis   (571.6)
1  Transplanted liver rejection   (996.82)
1  Ulcerative colitis   (556.9)

CONGENITAL DEVELOPMENTAL
---------------------------------------------------------------------

1  Cirrhosis   (571.5)
1  Cirrhosis, congenital/neonatal   (777.8)

USE DEGENERATIVE NECROSIS AGE
---------------------------------------------------------------------

1  Hepatic necrosis, acute/subacute (570)
1  Rhabdomyolysis (728.89)

ARTERIOSCLEROTIC VASCULAR
---------------------------------------------------------------------

1  Hepatic vein occlusion/thrombus   (453.0)
1  Myocardial infarction, acute   (410.90)
1  Veno-occlusive hepatic disease   (459.9)

VEGETATIVE AUTONOMIC
---------------------------------------------------------------------

1  Disseminated intravascular coagulation   (286.6)
1  Eclampsia of pregnancy   (642.60)
1  Hypothyroidism (myxedema)   (244.9)
1  Myxedema coma   (244.9)
1  Thyrotoxic crisis   (242.90)

REFERENCE TO ORGAN SYSTEM
---------------------------------------------------------------------

1  Chronic liver disease   (571.9)
1  Cirrhosis, cardiac   (571.5)
1  Cirrhosis, postnecrotic (571.5)
1  Cryoimmunoglobulinemic syndrome   (289.9)
1  Fatty liver   (571.8)
1  Fatty liver of pregnancy, acute   (571.8)
1  Fulminant hepatic failure   (570)
1  HELLP syndrome of pregnancy   (V22.1)
1  Hepatic encephalopathy   (572.2)
1  Hepatic failure   (572.8)
1  Hepatic function impairment   (573.8)
1  Jaundice of pregnancy, recurrent   (782.4)
1  Peliosis hepaticus (573.9)
1  Right congestive heart failure/chronic   (428.0)
1  Steatosis/Non-alcoholic fatty liver dis   (571.8)

NEOPLASTIC
---------------------------------------------------------------------

1  Adenocarcinoma, gastric   (151.9)
1  Angiosarcoma (171.9)
1  Carcinoma, gallbladder   (156.0)
1  Carcinoma, hepatocellular   (155.0)
1  Cholangiocarcinoma, intrahepatic   (155.0)
1  Lymphoblastic leukemia, acute   (208.00)
1  Lymphoma/malignant, non-Hodgkins (201.9)
1  Metastatic liver disease   (197.7)26



A Few Things . . .

* No such thing as a perfect lab test.  They all have pros and 
cons.

* Very few markers on a blood chemistry points to one thing (eg
high TSH = hypothyroidism)
* Long list of possibilities for any given marker out of range
* You can narrow down any given abnormality to a shorter list of 

probabilities
* Then make some changes, and in a few months re-run the 

blood chemistry
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Basic Laboratory Panels

* Chemistry (eg chem-7, chem-14)
* Enzymes, electrolytes, wastes, proteins, etc.

* CBC with differential
* Red blood cells and their indices, white blood cells, platelets

* Lipids
* Cholesterol, HDL, LDL, triglycerides

* Thyroid panel
* Thyroid function

28



Functional Panels

Liver (hepatic) function
* Albumin, AST, ALT, GGT, alkaline phosphatase, bilirubin, protein, globulin

Kidney (renal) function
* BUN, creatinine, phosphorus, calcium, glucose, chloride, CO2

Electrolyte, hydration and pH
* Sodium, potassium, magnesium, chloride, CO2, calcium, phosphorus

Cardiovascular panel
* Total cholesterol, HDL, LDL, triglycerides
* Advanced markers
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CBC with differential

* Red blood cell count
* Hemoglobin
* Hematocrit
* MCV
* MCH
* MCHC
* RDW

• White blood cell count
• Neutrophils
• Lymphocytes
• Monocytes
• Eosinophils
• Basophils
• Platelet count
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Lipid Panel

* Total Cholesterol
* LDL cholesterol
*HDL cholesterol
* Triglycerides
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Metabolic 14

* Glucose
* Sodium
* Potassium
* Chloride
* Carbon dioxide (bicarbonate)
* Calcium

• BUN (blood urea nitrogen)
• Creatinine
• Bilirubin
• AST, ALT, alk phos
• Albumin
• Globulin
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Also included

*GGT
*Uric acid
*Phosphorus
* LDH
* Iron

*Magnesium
*25-Vitamin D
* Ferritin
*Bile acids
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Thyroid Panel

* TSH
* Total T4 (thyroxine)
* Total T3 (triiodothyronine)
* Free T4
* Free T3
* T3 uptake
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Cardio Panel

*Cardio IQ Lipoprotein Fraction
*Cardio IQ Lp-PLA2 activity
*Fibrinogen
*Homocysteine
*hs-CRP
*ESR
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*Hemoglobin A1C
*GlycoMark
*C-peptide

Glucose Regulation
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What Is Blood?
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Where is blood made?
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Characteristics of Blood
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Functions of Blood

1. Transport – glucose, gases, wastes, hormones, amino acids, 
vitamins, minerals, lipids

2. Regulation – body temperature, pH
3. Protection – clotting, immunity
4. Communication – hormones and other chemical messengers
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Physical characteristics of blood

* pH: 7.35 – 7.45
* 8% of total body weight
* 5-6 liters in men
* 4-5 liters in women

* Osmolarity: 280-300 mOsm/L
* Temperature: 100.4 degrees F
* More viscous than water
* Tissue: ?
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Blood Lab Testing
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Basic Concepts and Principles

* Purpose of lab testing is to reduce uncertainty and improve 
clinical decision making
* Offers objective data to use in conjunction with other gathered 

information
* Confirm suspicions taken during history and intake
* Guides or modifies therapy
* Assessment tool to evaluate effectiveness of client progress and 

therapies
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Basic Concepts and Principles

* There is no such thing as a perfect test.  
* Multiple factors to consider including:
* Sensitivity/specificity
* Hydration, tourniquet, diurnal rhythm
* Other confounding variables (eg glucose and vitamin C, 

medications)
* Multiple physiological processes happening simultaneously can 

make some markers appear normal
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Reference Ranges

* Most important aspect of laboratory test interpretation
* Dictates diagnosis and intervention

* Statistically derived numerical range based on sample population

1. Patients in specific geographic location
2. Create a random (Gaussian) distribution curve
3. Obtain the mean
4. Calculate deviations from the mean
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“The working group recognizes the 
reality that, in practice, very few 
laboratories perform their own 
reference interval studies.”

“Instead of performing a new 
reference interval study, laboratories 
and manufacturers refer to studies 
done many decades ago, when both 
the methods and population were 
very different.”
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The recommendation is to select a 
statistically significant group (minimum 
of 120) of healthy reference subjects.

“Health is a relative condition lacking 
a universal definition. Defining what is 
considered healthy becomes the initial 
problem in any study….”
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Recruiting a valid group of reference 
subjects and obtaining informed 
consent in today's environment is 
costly, time-intensive, and virtually an 
impossible task for most laboratories.
Therefore, most laboratories do not to 
establish their own RIs, but rather 
choose to verify RIs that have been 
reported by the manufacturer or as 
established by another laboratory. 
This is a relatively simple study and 
requires only 20 healthy subjects to 
recruit.
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Fasting Glucose 
(ng/dL)

Deviation from
mean m

Squared deviation
from mean m

Subject 1 99 2.75 7.56
Subject 2 94 -2.25 5.06
Subject 3 94 -2.25 5.06
Subject 4 105 8.75 76.56
Subject 5 101 4.75 22.56
Subject 6 83 -13.25 175.56
Subject 7 101 4.75 22.56
Subject 8 106 9.75 95.06
Subject 9 85 -11.25 126.56
Subject 10 90 -6.25 39.06
Subject 11 103 6.75 45.56
Subject 12 94 -2.25 5.06

Mean = 96.25 (m)
n=12 Mean = 0.00

Standard 
deviation = 7.55 
(s.d.)

Lower Limit = 96.25 – 1.8 x 1.04 x 7.55 = 82

Upper Limit = 96.25 + 1.8 x 1.04 x 7.55 = 110

Reference Range = 82 – 110 ng/dL



Optimal Range

A tighter set of ranges designed to 
help:
1. Identify underlying 

physiological issues that can 
help explain symptoms

2. Evaluate health rather than 
disease

* Catch potentially more serious 
disease processes earlier

Sodium

Laboratory reference 
range:

135 – 145 mmol/L
Optimal reference range:

139 – 142 mmol/L
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Potential issues with normal ranges

1. Individuals with subclinical or undiagnosed disease are included in 
the data to establish normal values.  

2. References calculated from non-random (non-Gaussian) requires 
calculations and therefore may be inaccurate

3. Reference ranges may change
4. At ±2SD from the average means 5% of the normal population will 

fall above (2.5%) and below (2.5%) the range.
* If a wider range (±3SD) was used, would increase specificity and decrease 

sensitivity (eg people with the disease but small fluctuations in test values 
might be missed)

5.  What/who is normal today?
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Sensitivity and Specificity

Sensitivity
- Ability of a test to detect a positive test in every patient with a 

given disease
- A test with 100% sensitivity will be positive in every patient with a 

specific disease
- 90% sensitivity will not accurately identify 10% of individuals with 

a specific disease (false negative)
- The higher the sensitivity, the lower the chance of false 

negatives.
- PKU test is highly sensitive for infants with PKU.  PSA test for 

prostate issues has a low sensitivity (~40%)62



Sensitivity and Specificity

Specificity
- Percent of negative results in people without the disease 
- Helps predict false positives
- Refers to how well a test successfully (specifically) identifies a 

given disease (only found in people with the disease)
- A test with 90% specificity may be positive in 10% of the people 

that do not have the disease
- The lower the specificity, the higher the chance for false 

positives
63



Sensitivity and Specificity - Example

“The Heart Attack Test” (THAT test) 

Used on 200 people who have had a heart attack.
196 people tested positive (98% sensitivity)

- Four false negatives (people had it, but weren’t identified)

Used on 200 people who did not have a heart attack
20 people tested positive (90% specificity)

- Identified the disease 10% of the time even though the 
disease wasn’t present 64



Factors to Consider

* Laboratory Error
* Equipment, human, calibration, 

sample prep, reagent discrepancies, 
drawing blood

* Tourniquet left on longer than one 
minute can increase protein, iron, 
AST, and cholesterol, and decrease 
potassium and creatinine

* Laboratory reference range
* Hydration status

* Diurnal rhythms
* TSH, ALT, GGT, LDH, uric acid, 

phosphorus, calcium, hemoglobin, 
hematocrit, iron, certain WBCs

* Altitude
* Age, race, gender
* Fasting (or starving?)
* Medications
* Nutritional supplements
* Exercise
* Diet
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* The majority of blood chemistry markers, when out of range, 
merely point to a list of possibilities
* Combining this information with history, intake, signs/symptoms, and 

other data can help narrow to a list of probabilities
* Rarely will a lab test dictate the course of treatment
* Offers additional insights
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Glucose Regulation and Relevant Markers
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Glucose

* Primary substrate for ATP 
production within cells
* Glycolysis, CAC, ETC/OP
* Other substrates can be used, eg

fatty acids, amino acids
* Also used for glycolipids & 

glycoproteins 
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Digestion and Absorption

* Consumed as polysaccharides (Eg starch), oligosaccharides 
(eg stacchyose), disaccharides (eg sucrose, lactose), or 
monosaccharides (eg glucose, fructose)

* Glycosidic bonds broken down by alpha-amylase (salivary, 
pancreatic)

* Brush border enzymes (maltase, sucrase, lactase) break down 
dipeptides

* Absorbed across brush border of enterocytes via Na 
dependent co-transport

* Leaves enterocytes into hepatic portal circulation to the liver70
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Biochemically speaking

Insulin stimulates:
- Lipogenesis (fatty acid synthesis)

- Triacylglycerol synthesis
- Cholesterol synthesis
- Glycogen synthesis
- Glycolysis

Glucagon stimulates:
- Lipolysis
- Gluconeogenesis
- Glycogenolysis
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Serum glucose – where does it come from?

* Food intake
* Glycogenolysis (breakdown of 

glycogen)
* Gluconeogenesis
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Incretins – Gut Hormones

* When glucose is present in the small 
intestine, regulatory hormones are 
released to stimulate insulin 
production before glucose enters the 
blood stream

* Concept was developed when it was 
observed that oral glucose increased 
insulin levels more than intravenous 
glucose
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Incretins

* Glucose-Dependent Insulinotropic Peptide (GIP)
* Previously gastric inhibitory peptide

* Glucagon-Like Peptide-1 (GLP-1)

* Produced by enteroendocrine cells in the small intestine (duodenum)
* Both stimulate insulin secretion and decrease gastric motility 
* Delays stomach emptying 

* GLP-1 also inhibits glucagon, reduces food intake, and may increase 
number and mass of beta cells of the pancreas

* Dipeptidyl Peptidase-4 (DPP-IV) breaks down GIP and GLP-1 (JANUVIA)
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Digestion and Absorption

* When glucose enters circulation, pancreatic beta cells release and 
synthesize insulin

* First phase insulin response – preformed insulin stored within the beta 
cells is released.
* Limits post-prandial glucose elevation
* Suppresses hepatic glucose production (gluconeogenesis)
* Begins within 2 minutes of nutrient ingestion, continues for 10-15 minutes

* Second phase insulin response – insulin synthesis and release 
continues until serum glucose levels are normalized; longer process 
due to need to synthesize new insulin
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First Phase Insulin Response

* Diminished first phase insulin response considered to be one of 
the earlier predictive markers of metabolic syndrome and Type 
II Diabetes
* Occurs well before significant changes in absolute glucose 

concentrations
* May even occur prior to insulin resistance

* Thought to indicate early beta cell dysfunction
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Insulin Synthesis

51 amino acid anabolic peptide hormone
Occurs within the beta cells of the pancreatic islets.
1. mRNA transcript creates a single chain precursor called 

preproinsulin
2. Preproinsulin enters the endoplasmic reticulum.  Proteolytic

enzymes cleave signal peptide to form proinsulin.
3. Proinsulin contains three domains

1. Carboxy-terminal A chain
2. Amino-terminal B chain
3. Connecting peptide – C chain

4. Within the ER, endopeptidases cleave the C peptide, which is 
packaged and stored in the golgi apparatus and secretory 
vesicles until stimulated 82
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Insulin Release

1. GLUT-2 transporters bring glucose into beta cells of the pancreas
2. This leads to an increase in ATP production (glycolysis, CAC, ETC)
3. Increased ATP stimulates the K+ATP Channel to block potassium 

ions, causing depolarization of the cell membrane*
4. The depolarizing cell membrane allows Ca2+ to enter via voltage-

gated calcium channels, causing exocytosis of insulin-containing 
secretory vesicles

*Hypokalemia (low potassium) has been shown to decrease insulin 
production from the pancreas.
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Insulin Actions

* Suppresses pancreatic glucagon
* Pancreatic insulin first goes to the liver via the hepatic portal 

system
* In the liver, insulin stimulates glycogen storage, cellular 

respiratory pathways and depending on the level of glucose, 
fatty acid and triacyglycerol synthesis

* NASH?
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Glucagon

29 amino acid polypeptide hormone produced by alpha cells of 
pancreas
1. Low ATP within alpha cells stimulates Adenylate cyclase, 

increasing cAMP.
2. cAMP stimulates Protein Kinase A
3. Ca++ channels open, stimulating exocytosis of glucagon
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Glucagon

Conversely, if ATP is elevated (due to glucose, free fatty acids, 
ketone bodies), the process is reversed, Calcium channels remain 
closed, and glucagon is not released.
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Glucagon

Stimulators of glucagon
- Hypoglycemia
- Amino acids

- Also stimulate insulin which, during a non-carbohydrate meal could result 
in hypoglycemia, thus glucagon is released to compensate

- Epinephrine (beta adrenergic receptors)

Inhibitors of glucagon
- Hyperglycemia
- Ketones, fatty acids (likely to help regulate ketogenesis)

- If glucagon was elevated, it would increase glucose and inhibit 
ketogenesis 89



Glucagon Action

* Increases:
* Glycogenolysis – increases glycogen phosphorylase, 

decreases glycogen synthase
* Gluconeogenesis – increases hepatic uptake of amino acids, 

which can be used by the liver to make glucose
* Lipolysis – liberating free fatty acids and thus ketogenesis

(long term starvation)
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Other glucose regulatory hormones

*Cortisol
*Epinephrine/

Norepinephrine
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Lab Testing – Glucose related markers

* Fasting glucose
*Hemoglobin A1C
*C-Peptide (Insulin)
*Glycomark
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Fasting Glucose

* Traditional Reference range:
*65-100 mg/dL

*Optimal Reference Range:
*82 - 88 mg/dL
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Fasting Glucose

FPG has an independent, positive association with ba-PWV in non-
diabetic subjects after correcting for confounding variables, 
including age, sex, BMI, blood pressure, resting heart rate, hs-CRP, 
lipid profile, and behavioral habits. 

An increase in FPG, even within the normal range, was associated 
with aggravated arterial stiffness.
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Fasting Glucose

Q1(n = 172), 65 - 83 mg/dL (low-normal) 
Q2(n = 188), 84 - 90 mg/dl (normoglycemia) 

Q3(n = 199), 91 - 99 mg/dL (high-normal) 
Q4(n = 138), 100 - 125 mg/dL (hyperglycemia)
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1,998 apparently healthy nondiabetic men (aged 40-59 years), a 
total of 1,973 with fasting blood glucose < 110 mg/dl were included 
in the study

After 22 years of follow-up, 483 men had died, 53% from 
cardiovascular diseases. After dividing men into quartiles of fasting 
blood glucose level, it was found that men in the highest glucose 
quartile (fasting blood glucose > 85 mg/dl) had a significantly higher 
mortality rate from cardiovascular diseases compared with those in 
the three lowest quartiles.

Q1: <73; Q2: 74-79; Q3: 80-85; Q4: 86 - 100
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46,578 members of Kaiser Permanente Northwest who had fasting 
plasma glucose levels less than 100 mg/dL.

Assigned subjects to 1 of 4 categories (<85, 85-89, 90-94, or 95-99 
mg/dL)

We followed them until they developed diabetes, died, or left the 
health plan, or until April 30, 2007. 
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Compared with those with fasting plasma glucose levels less than 85 
mg/dL, subjects with glucose levels of 95 to 99 mg/dL were 233% 
more likely to develop diabetes. Subjects in the 90 to 94 mg/dL
group were 49% more likely to progress to diabetes.

Each milligram per deciliter of fasting plasma glucose increased 
diabetes risk by 6%.
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The risk of developing hypertension at follow-up was greater for 
those people with baseline FPG > or =6.1 mmol/l (110 ng/dL). The risk 
of developing diabetes at follow-up increased with increasing 
baseline FPG, but there was little evidence of a threshold near 6.1 
mmol/l.
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Glucose

* Traditional Reference range:
*65-100 mg/dL

*Optimal Reference Range:
*82 - 88 mg/dL
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Glucose – Elevated
Cause Reason Additional Inquiry

Insulin 
resistance
(increased 
glucagon)

Dysfunctional insulin signaling (eg
receptors) causing glucose to remain 
elevated in the blood. 

Fatigue after meals, sweets 
cravings even after 
carbohydrate ingestion; 
evaluate c-peptide, 
hemoglobin A1C

Pancreatic 
dysfunction

Poor insulin production Evaluate c-peptide.

Hyperthyroidism Shorter half-life of insulin, increased 
intestinal glucose absorption, increased 
FFA and thus hepatic gluconeogenesis, 
excess lactate leading to increased 
hepatic gluconeogenesis (Cori cycle), 
increase in GH, glucagon and 
catecholamines all promote 
hyperglycemia

Evaluate thyroid markers.

Hyperadrenal 
function

Increased cortisol and/or 
catecholamine increase glucose levels

Consider evaluating cortisol 
levels.103



Glucose - Elevated

*Must inquire about fasted state
*What time?
* Really fasting?
* 12-14 hours fasting?
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Pancreatic Dysfunction

* Lipotoxicity
*Glucotoxicity
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Glucotoxicity and Lipotoxicity in Beta Cells

* BOTH appear to negatively impact beta cell function
* Excess ROS production is a major theory behind glucose toxicity
* Oxidative phosphorylation during anaerobic glycolysis
* Glycation
* Glucose autoxidation

* High glucose levels increase intraislet peroxide levels and observed 
low levels of antioxidant enzymes

* Lipotoxicity thought to be due to hyperlipidemia, especially of 
saturated long chain fatty acids
* Therapeutic ketogenic diet may be helpful at reducing toxicity (personal 

opinion)
108
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Hyperthyroidism

* Shorter half-life of insulin
* increased intestinal glucose absorption
* increased FFA and thus hepatic gluconeogenesis
* excess lactate leading to increased hepatic gluconeogenesis 

(Cori cycle)
* increase in GH, glucagon and catecholamines - all promote 

hyperglycemia
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Hyper Adrenal Function (cortisol)
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Glucose – Elevated
Cause Reason Additional Inquiry

Insulin 
resistance
(increased 
glucacon)

Dysfunctional insulin signaling (eg
receptors) causing glucose to remain 
elevated in the blood. 

Fatigue after meals, sweets 
cravings even after 
carbohydrate ingestion; 
evaluate c-peptide, 
hemoglobin A1C

Pancreatic 
dysfunction

Poor insulin production Evaluate c-peptide.

Hyperthyroidism Shorter half-life of insulin, increased 
intestinal glucose absorption, increased 
FFA and thus hepatic gluconeogenesis, 
excess lactate leading to increased 
hepatic gluconeogenesis (Cori cycle), 
increase in GH, glucagon and 
catecholamines all promote 
hyperglycemia

Evaluate thyroid markers.

Hyperadrenal 
function

Increased cortisol and/or 
catecholamine increase glucose levels

Consider evaluating cortisol 
levels.112



Glucose - Decreased
Cause Reason Additional Inquiry

Hypoadrenal 
function

Low cortisol levels leading to an inability to 
maintain stable glucose levels

Evaluate Na and K on blood 
chemistry; evaluate cortisol levels 

Hypopituitary Low TSH, low ACTH and low GH can all lead 
to hypoglycemia.

Hypothyroidism Decreased intestinal glucose absorption, 
decreased gastric emptying, decreased 
gluconeogenesis and glycogenolysis, 
decreased cortisol response, decreased 
glucagon production, blunted growth 
hormone response 

Evaluate thyroid markers

Vitamin B6 
deficiency

Pyridoxine (B6) is required for glycogen 
phosphorylase, the first and rate limiting 
step in glycogenolysis

Evaluate low AST and/or ALT levels; 
diet journal for B6 intake

Carnitine 
deficiency

See above – carnitine is important for the 
initial step of gluconeogenesis (pyruvate 
carboxylase)

Consider lysine and or methionine 
deficiency (key amino acid in 
carnitine synthesis, often deficiency in 
vegetarians), poor carnitine intake, or 
other deficiencies (eg vitamin C)113



Glucose - Decreased
Vitamin C 
deficiency

Vitamin C is required for synthesis of carnitine, which is required 
to bring long-chain fatty acids into the mitochondria; high levels 
of Acetyl CoA in the mitochondria stimulate gluconeogenesis.  
Thus low carnitine -> low acetyl CoA -> poor gluconeogenesis -> 
low glucose. 

Evaluate low alkaline 
phosphatase; 
bleeding gums; easy 
bruising

H. Pylori infection There is growing evidence between H.Pylori and insulin 
resistance.  It may be that reactive hypoglycemia may precede 
insulin resistance and have an H. Pylori connection.

Biotin deficiency Biotin is required for the initial enzyme of gluconeogenesis, 
pyruvate carboxylase and thus, may lead to hypoglycemia.  On 
the other hand, it must be noted that biotin has other roles in 
glucose metabolism including the synthesis of glucokinase, PFK-1, 
and in allowing the pancreas to sense glucose and thus produce 
insulin. 

High-dose 
vitamin C

Vitamin C, specifically dehydroascorbic acid, competes with 
glucose across cell membranes and thus may slow intestinal 
glucose absorption.  (***Conversely, high serum glucose may 
cause a relative vitamin C deficiency within cells.)114



Hypo Adrenal Function

* Cortisol helps maintain glucose levels (glucocorticoid)
* Thus if cortisol is low, glucose will often be low as well
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Decreased Pituitary function

* The anterior pituitary releases three hormones that could relate 
to glucose levels
* TSH – Thyroid
* ACTH – Cortisol
* Growth Hormone

* If the pituitary is dysfunctional, all three of these hormones may 
be low, thus contributing to periods of low blood sugar

* WHAT SUPPRESSES PITUITARY FUNCTION?
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Hypothyroidism

* Decreased intestinal glucose absorption
* Decreased gastric emptying
* Decreased gluconeogenesis and glycogenolysis
* Decreased cortisol response
* Decreased glucagon production
* Blunted GH response
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Vitamin B6 (pyridoxine) deficiency

* Glycogen phosphorylase – the rate limiting enzyme of 
glycogenolysis – is a B6 dependent enzyme

* ***Low B6 may lead to hypoglycemic tendencies
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Carnitine and/or vitamin C deficiency
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Nutritional 
requirements for 
carnitine synthesis:
- Lysine
- Vitamin C
- Iron
- Oxygen
- Vitamin B6
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H. Pylori Infection

* There is growing evidence between H.Pylori and insulin 
resistance. 

* ***If reactive hypoglycemia precedes insulin resistance, then it 
is possible that hypoglycemic symptoms may be caused in part 
by a concomitant H. pylori infection.
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Biotin deficiency

* Biotin is required (COFACTOR) 
for the initial enzyme of 
gluconeogenesis, pyruvate 
carboxylase and thus, may lead 
to hypoglycemia.  On the other 
hand, it must be noted that 
biotin has other roles in glucose 
metabolism including the 
synthesis of glucokinase, PFK-1, 
and in allowing the pancreas to 
sense glucose and thus produce 
insulin. 
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H. Pylori/Carnitine connection?
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Glucose - Decreased
Cause Reason Additional Inquiry

Hypoadrenal
function

Low cortisol levels leading to an inability 
to maintain stable glucose levels

Evaluate Na and K on blood 
chemistry; evaluate cortisol levels 

Hypopituitary Low TSH, low ACTH and low GH can all 
lead to hypoglycemia.

Hypothyroidism Decreased intestinal glucose 
absorption, decreased gastric 
emptying, decreased gluconeogenesis 
and glycogenolysis, decreased cortisol 
response, decreased glucagon 
production, blunted growth hormone 
response, 

Evaluate thyroid markers

Vitamin B6 
deficiency

Pyridoxine (B6) is required for glycogen 
phosphorylase, the first and rate limiting 
step in glycogenolysis

Evaluate low AST and/or ALT levels; 
diet journal for B6 intake

Carnitine 
deficiency

See above – carnitine is important for 
the initial step of gluconeogenesis 
(pyruvate carboxylase)

Consider lysine and or methionine 
deficiency (key amino acid in 
carnitine synthesis, often 
deficiency in vegetarians), poor 
carnitine intake, or other 
deficiencies.
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Glucose - Decreased
Vitamin C 
deficiency

Vitamin C is required for synthesis of carnitine, which is 
required to bring long-chain fatty acids into the 
mitochondria; high levels of Acetyl CoA in the 
mitochondria stimulate gluconeogenesis.  Thus low 
carnitine -> low acetyl CoA -> poor gluconeogenesis -> 
low glucose. 

Evaluate low alkaline 
phosphatase; bleeding 
gums; easy bruising

H. Pylori infection There is growing evidence between H.Pylori and insulin 
resistance.  It may be that reactive hypoglycemia may 
precede insulin resistance and have an H. Pylori 
connection.

Biotin deficiency Biotin is required for the rate-limiting enzyme of 
gluconeogenesis, pyruvate carboxylase and thus, may 
lead to hypoglycemia.  On the other hand, it must be 
noted that biotin as other roles in glucose metabolism 
including the synthesis of glucokinase, PFK-1, and in 
allowing the pancreas to sense glucose and thus 
produce insulin. 

High-dose vitamin 
C

Vitamin C, specifically dehydroascorbic acid, 
competes with glucose across cell membranes and 
thus may slow intestinal glucose absorption.  
(Conversely, high serum glucose may cause a relative 
vitamin C deficiency within cells.)125



Glucose – Interfering Factors

Interfering Factors
Elevated Decreased

Non-fasting Stress response before test
Medications
- Corticosteroids 

Medications

Intense exercise
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Reactive Hypoglycemia - Symptoms

* Shaky, light-headed, irritable, especially between  meals
* May crave salt
* Craves sweets, but corrected after sweets are consumed
* Food provides energy
* Consistently wakes up during the night
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Reactive Hypoglycemia

* Periods of low glucose causing primarily neurological symptoms
* Could be due to excess insulin
* Counter regulatory hormones (glucagon and cortisol) may not 

be working correctly
* Often find low cortisol in these individuals

* The question is, why are they not able to maintain healthy 
glucose levels – glycogenolysis and gluconeogenesis

* Due to increased GLP-1? (ENTEROENDOCRINE)
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Reactive Hypoglycemia

* Glycogenolysis requires vitamin B6
* Low insulin levels should simulate free fatty acid release for use 

in beta-oxidation within mitochondria - to increase ATP
* Requires carnitine to shuttle long chain fatty acids into 

mitochondria
* Without carnitine fatty acids are not brought into the mitochondria
* When acetyl CoA levels are elevated (eg beta-oxidation), 

pyruvate carboxylase (biotin dependent enzyme) is upregulated, 
and gluconeogenesis proceeds.  When acetyl CoA is low, pyruvate 
carboxylase is inhibited, and gluconeogenesis decreases.

* Therefore, for hypoglycemia, consider B6, biotin, carnitine and 
vitamin C (required for carnitine synthesis) 129



*Hyperinsulinemia
*Excess GLP-1 production
* Low counter regulatory hormones
*Glucagon resistance
*Carnitine deficiency 

Reactive Hypoglycemia – The Short Version
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Lactate Dehydrogenase (LDH)

* Lactate Dehydrogenase (LDH) is an widely-distributed, 
intracellular enzyme found in skeletal and cardiac muscle, 
kidney, liver, lungs, and red blood cells.  

* As an intracellular enzyme, when LDH is elevated on a blood 
chemistry it suggests tissue damage.  But due to its wide 
distribution in tissues, by itself is impossible to know where the 
damage is located.
* LDH isoenzymes can better pinpoint the type of tissue being 

damaged
131



Lactate Dehydrogenase (LDH)

* There are many possible 
reasons for elevated LDH, 
but low LDH can indicate 
poor glucose metabolism, 
aka hypoglycemic 
tendencies
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Lactate Dehydrogenase (LDH)

* Traditional Reference range:
*100–280 U/L

*Optimal Reference Range:
*140–170 U/L  
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LDH - Decreased

Cause Reason Additional Inquiry
Hypoglycemia Poor glucose entry into a cell 

downregulates LDH enzyme production 
intracellularly, thus leading to low levels 
of LDH. (NADH/NAD ratio?)

Evaluate glucose levels and 
hypoglycemic symptoms. 

Diabetes Poor glucose entry into cells can 
decrease LDH production leading to 
low levels.  

Evaluate hyperglycemic markers 
and symptoms.

Ketosis Due to the utilization of ketones over 
glucose molecules during ketosis, it is 
possible someone following a ketogenic
diet will have low LDH levels.

Client history.  Presence of 
ketones.
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Hemoglobin A1C

* Glycated hemoglobin is 
formed at a rate proportional 
to the average glucose 
concentration by a slow, non-
enzymatic process within red 
blood cells during their 120 
day lifespan.  

* Glycated hemoglobin levels 
reflect blood sugar during a 2-
3 month time period prior to 
the test.  
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Glycation
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Hemoglobin A1C 

Non-diabetic conditions
Elevated Decreased

Iron-deficiency anemia Hemolytic anemia
Lead toxicity Chronic blood loss

Long-lived RBC Short-lived RBC
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This investigation is a meta-analysis of individual participant data of six 
population-based cohort studies: Tromsø (Norway); ELSA (UK); NHANES 
(USA); ESTHER (Germany); KORA (Germany); and SHIP (Germany).
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A number of studies suggest that an A1C 
above 5.6% is predictive of CAD and impaired 
glucose tolerance, even with normal fasting 
glucose.

HbA1C and Its Correlations
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Hemoglobin A1C

*Optimal Reference Range:
*5.1-5.3%*

*If lower, likely not hyperglycemia or glucose 
dysregulation, but according to studies, does 
not seem optimal
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* Red blood cell life span
* Unexplained variations between mean glucose and A1C 

among patients with diabetes (more pronounced at lower 
levels of A1C)

* Does not discriminate between the patient with excessive 
fluctuations and chronically elevated glucose

HbA1C Limitations
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* Red Blood Cell Survival (days) = 100/[reticulocytes 
(percent)/reticulocyte life span (days)]

* Helpful in determining accuracy of hemoglobin A1C
* Longer-lived RBC, leads to more hemoglobin, and thus a falsely 

elevated HbA1C (false positive)
* Shorter-lived RBC, leads to less hemoglobin, and thus a falsely 

decreased HbA1C (false negative)

Calculating RBC Lifespan
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Calculating RBC Lifespan

Correction of Reticulocyte Count
Hematocrit (%) Reticulocyte Life Span 

(RLS)
36-45 1.0
26-35 1.5
16-25 2.0
<15 2.5

Adapted from Harrisons Principles of Internal Medicine, 18th edition.

Reticulocyte count: 0.8% 
Hematocrit: 45

Thus, the equation would 
look like this:

100/[0.8/1] = 125 days
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Traditional Reference Range: 1.1-4.4 ng/mL

C-Peptide
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C-peptide

* C-peptide is formed when 
proinsulin is converted to 
insulin.  

* C-peptide is released at the 
same time and in the same 
quantities as insulin, but has a 
longer half-life and is thus a 
more stable and reliable 
measurement than insulin.

* May have its own metabolic 
activity, but more studies are 
needed
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C-peptide

* C-peptide is a more 
reliable indicator of insulin 
secretion 
* Not cleared by the liver
* Has a longer half-life than 

insulin (30 minutes compared 
to 4 minutes for insulin)

* The pharmacokinetics of C-
peptide have been well 
established in research 
studies.
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C-peptide was superior to other insulin-derived measures of insulin 
resistance in predicting cardiovascular and overall death in nondiabetic 
adults. C-peptide predicted cardiovascular death even in subjects with 
normoglycemia and without metabolic syndrome. Prospective studies are 
needed to elucidate the usefulness of C-peptide levels as a target for 
intervention to improve cardiovascular outcomes.

These results would support that the increased risk of cardiovascular 
death in subjects with high C-peptide levels is unlikely to be attributed 
solely to the eventual development of diabetes, and suggest additional 
or alternative mechanisms of harm.  151



1.26 1.26-1.96 1.96-2.95 >2.95
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We found an association between serum C-peptide levels and all-cause 
and cause-specific mortality among adults without diabetes at baseline. 
Our finding suggests that elevated C-peptide levels may be a predictor of 
death.

154



Participants who had high serum C-peptide levels (> 1.018 nmol/L) had a 
1.8- to 3.2-fold increased risk of all-cause and cause-specific mortality 
compared with those who had low C-peptide levels (< 0.440 nmol/L). This 
risk was progressive: after adjustment, each
1-unit increase in baseline C-peptide level was associated with 41%–70% 
increases in the relative risk of death. 

We found that C-peptide level better predicted all-cause, 
cardiovascular-related and coronary artery disease–related mortality 
than did glycated hemoglobin or fasting blood glucose level.

< 0.440, 0.440–0.692, 0.693– 1.018, > 1.018 nmol/L
< 1.32, 1.32 - 2.078, 2.081 – 3.06, > 3.06 ng/mL 
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Among women without type 2 diabetes, fasting C-peptide levels were 
associated with an increased risk of death resulting from all causes and 
from breast cancer.
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WHY C-peptide and cancer?



Higher c-peptide levels were associated with faster decline in global 
cognition and verbal memory. We found that each year of age was 
associated with a greater annual rate of decline by −0.01 units on the 
global score; thus, our finding of greater annual decline of −0.03 units 
comparing the highest to lowest c-peptide quartile would indicate that 
higher levels of c-peptide are cognitively equivalent to 3 years of aging.

Q1 = 1.08
Q2 = 1.56
Q3 = 2.07
Q4 = 3.3 158



* Traditional Range: 1.1 - 4.4 ng/mL
*Optimal Range: 1.1 - 2.3 ng/mL  (1.1-1.9?)

C-peptide
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Glycomark
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GlycoMark
* 1,5-Anhydroglucitol (1,5-AG)
* Naturally occurring monosaccharide in food
* Not metabolized or used for biochemical 

processes
* Normally filtered and re-absorbed in by the 

kidneys under normoglycemic conditions
* However, when glucose levels are elevated, 

glucose and 1,5-AG compete for re-
absorption in the kidneys and ultimately 1,5-
AG loses and is excreted in urine leading to 
lower serum levels
* Occurs when serum glucose levels are above 

180 mg/dL.

* Thus, 1,5-AG evaluates hyperglycemic 
periods above 180 mg/dL for the previous 
two week period
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GlycoMark

* Compared to HbA1C
* A1C = quantity of glucose control
* 1,5 Anhydroglucitol = quality of glucose control
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GlycoMark
(µg/mL)

Approximate Mean Postmeal
Maximum Glucose (mg/dL)

> 12 < 180
10 185
8 190
6 200
4 225

< 2 > 290
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Glycomark - LT

Out of 524 labs:

• 259 had a glycomark of 14.9 or below
• 49% of members had a glycomark

suggestive of elevated post-prandial 
glucose levels

• 35 had a glycomark of 7 or below
• 7% of members have glucose above 

200 after meals

Glycomark
Mean 15.3851145
Standard Error 0.259559569
Median 15
Mode 13.3
Standard 
Deviation

5.941590116

Minimum 1.1
Maximum 37.3
Sum 8061.8
Confidence 
Level(95.0%)

0.509907425
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Glycemic Variability
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Glycemic Variability – End of the A1C Era?
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• Increased oxidative stress
• Increases oxidative stress in adipocytes leading to less 

adiponectin and more resistin (highly pro-inflammatory)
• Hypoglycemic tendencies
• Inflammation

• Decreased brown adipocyte thermogenesis
• Association between obesity and glycemic variability
• Micro- and macrovascular complications
• Mood, depression, and poor quality of life

Glycemic Variability
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Patients with similar mean glucose or glycosylated hemoglobin (HbA1c) 
values can have markedly different daily glucose profiles, with differences 
both in number and duration of glucose excursions. 

In vitro, animal and human studies in experimental settings consistently 
report a deleterious effect of intermittent high glucose, either larger than 
or as large as constant high glucose, despite less total glucose exposure.

In comparison to the long-acting analog insulin glargine, the glucagon-
like peptide-1 receptor agonist exenatide reduced glucose variability with 
a similar reduction in HbA1c.
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In this study, we have been able to show that oscillating glucose, over a 
period of 24 h, is more damaging to endothelial function than stable 
constant high glucose. This is true not only when a subject is exposed to 
the same total amount of glucose for 24 h (i.e., 10 mmol/l clamp) but 
even when the total amount is higher (i.e., 15 mmol/l clamp). Finally, data 
suggest that oxidative stress plays a key role in all of these phenomena.
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The role of glucose variability from peaks to nadirs is less documented, 
but there are many reasons to think that both upward (postprandial) 
and downward (interprandial) acute fluctuations of glucose around a 
mean value activate the oxidative stress. 

As a consequence, it is strongly suggested that a global antidiabetic 
strategy should be aimed at reducing to a minimum the different 
components of dysglycemia (i.e., A1C, fasting and postprandial 
glucose, as well as glucose variability). 

All the therapeutic agents that act on postprandial glucose excursions 
seem of particular interest for reducing the latter parameter (i.e., the 
glucose instability). 

Particular attention should be paid to such emerging therapeutic 
agents as the glucagon-like peptide 1 agonists and the dipeptidyl 
peptidase (DPP)-IV inhibitors that act through the incretin pathway.175



Intermittent high glucose exacerbates the aberrant production of 
adiponectin and resistin through reactive oxygen species overproduction 
at the mitochondrial transport chain level in adipocytes, indicating that 
glycemic variability has important pathological effects on the secretion of 
adipokines.
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Normoglycemic and prediabetic morbidly obese individuals have higher 
GV compared with normal weight, nondiabetic individuals. We speculate 
that this may increase the risk for macrovascular disease through 
excessive oxidative stress.
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Our results suggest that measurement of serum 1,5-AG levels is useful to 
detect individuals, especially men, at higher risk for CVD, regardless of the 
presence or absence of diabetes.

The HR in the category with serum 1,5-AG levels of 14.0 µg/mL or less was 
2.22 compared to the reference category (24.5 µg/mL or greater). Similar 
results were also shown with a sensitivity analysis in non-diabetic men. 
Conversely, no significant relationship between serum 1,5-AG levels and 
CVD risks was observed in women.

178



Conclusion: Hyperinsulinemia and hyperglycemia, especially glycemic 
variability, are important predictive factors in glucose impairment for the 
progression of hepatic fibrosis in NAFLD.
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In patients with newly diagnosed and well-controlled type 2 diabetes, 
increased
glycemic variability was associated with reduced cardiac autonomic 
modulation in
women but not in men.
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Glycomark – the swiss army knife for 
blood glucose analysis…
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In multivariable logistic regression analysis, the HbA1c values did not 
indicate a predictive value for the prevalence of CAD. In contrast, the 
1,5-AG levels were still an independent predictor of CAD (adjusted odds 
ratio 0.96, 95% confidence interval 0.93-0.99, P = 0.0097).

Serum 1,5-AG is superior to HbA1c for predicting CAD prevalence in 
patients without diabetes mellitus.
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Even moderate elevations in HbA(1c) substantially lower 1,5-AG, 
suggesting that it can be most discriminating in identifying patients with 
excessive postprandial glucose excursions at HbA(1c) levels that 
approach the upper end of the normal range.
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We conclude that 1,5AG responds sensitively and rapidly to changes in 
glycemia and monitors glycemic control in accordance with established 
markers.  (More rapidly than HbA1C.)
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Increased 1,5-AG quartiles were accompanied by trends toward a 
decreased HOMA-IR and an increased HOMA-β and IGI. 1,5-AG was 
negatively associated with HOMA-IR and positively associated with 
HOMA-β and IGI. 1,5-AG was independently related to HOMA-IR and 
HOMA-β and exhibited an independent positive association with IGI. 
Additionally, both HbA1c and GA were independently correlated with 
HOMA-IR and HOMA-β.

1,5-AG is not only correlated with basal insulin sensitivity and secretion, but 
also closely associated with early-phase insulin secretion in Chinese 
patients with newly diagnosed type 2 diabetes mellitus.187



Hyperglycemia and glycemic variability have been linked to diabetes-related 
health complications including:
* vascular damage (reduced flow-mediated dilation and coronary lumen 

diameter; increased carotid artery stiffness and carotid intima-media 
thickness)

* oxidative stress (plasma 3-nitrotyrosine and 24-h urinary excretion rates of 
free 8-iso PGF2)

* increased inflammatory markers (C-Reactive Protein, Interleukin 6)
* poor cardiovascular outcomes (repeat MI, acute heart failure)
* stroke
* dementia
* increased risk of death from cardiovascular causes

Glycomark
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1,5-anhydroglucitol in the blood and yielding a precise one- to two-
week profile of average daily maximum blood glucose, thus:
* identify patients with A1Cs at 8% or less who have had more 

frequent and extreme hyperglycemic excursions in the past one to 
two weeks

* recognize recent glycemic deterioration before changes are visible 
with A1C

* record improvements in therapy changes within two to four weeks
* measure and positively reinforce adherence to dietary and lifestyle 

changes

Glycomark
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Glycomark/First Phase Insulin Response
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* HOMA2 estimates steady state beta cell function (%B) and 
insulin sensitivity (%S), as percentages of a normal reference 
population. These measures correspond well, but are not 
necessarily equivalent, to non-steady state estimates of beta 
cell function and insulin sensitivity derived from stimulatory 
models such as the hyperinsulinaemic clamp, the 
hyperglycaemic clamp, the intravenous glucose tolerance test, 
and the oral glucose tolerance test.

Homeostatic Model Assessment (HOMA)
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* Traditionally used serum insulin, but has been validated to use 
C-peptide as well
* Homa-IR (CP) = 1.5 + fasting blood glucose x fasting C-

peptide/2800
* Homa-islet (CP-Normal) = 0.27 x fasting C-peptide /(fasting blood 

glucose - 3.5) + 50

* https://www.dtu.ox.ac.uk/homacalculator/

Homeostatic Model Assessment (HOMA)
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Insulin resistance = <1.8
Beta cell (%B) = <145
Insulin Sensitivity (%S) = > 55

Homeostatic Model Assessment (HOMA)
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Homeostatic Model Assessment (HOMA)
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If Glycomark is <15 µg/mL:
1. Focus on diet – quality of food (macronutrient 

ratio) and quantity of food
2. GLP-1 stimulators (pre-meal)

1. Fish oil
2. Pea protein, glutamine
3. Quercitin
4. Bile acid support
5. MUFA
6. Chew food thoroughly 
7. Olive leaf extract

STEP 1 - Glycomark
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If HbA1C is above 5.3%:
1. Exercise – skeletal muscle contraction + steady state cardio
2. Diet – macronutrient ratio, quantity of food
* Paleo-Mediterranean 

3. Supplementation - Same supplements as Glycomark protocol
* Berberine
* Gymnema
* Banaba leaf
* Bitter melon
* Alpha-lipoic acid
* Chromium
* Vanadium

STEP 2 – Hemoglobin A1C
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If HbAIC is above 5.7%:
1. Exercise – skeletal muscle contraction + steady state cardio
2. Diet – macronutrient ratio, quantity of food
* Paleo-Mediterranean 

3. Supplementation - Same supplements as Glycomark protocol
* Lipotropic factors – choline, methionine, TMG

STEP 2 – Hemoglobin A1C
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If C-peptide is above 2.5: 
1. Mitochondrial support 
* Glutathione
* NAC
* ALA
* Carnitine

If C-peptide is below 1.1 + elevated A1C:
1. GABA

STEP 3 – C-Peptide
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*Gamma amino butyric acid (GABA)
*With meals

Suppress Glucagon
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The intra-islet action of insulin is essential to exert the effect of 
glucose on the alpha cells since, in the absence of insulin, glucose is 
not able to suppress glucagon release in vivo. However, the precise 
mechanism by which insulin suppresses glucagon secretion from 
alpha cells is unknown. 

In this study, we show that insulin induces activation of GABAA 
receptors in the alpha cells by receptor translocation via an Akt
kinase-dependent pathway. This leads to membrane 
hyperpolarization in the alpha cells and, ultimately, suppression of 
glucagon secretion. We propose that defects in this pathway(s) 
contribute to diabetic hyperglycemia.
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Daily GABA injections initiated 7 d before streptozotocin (STZ) 
treatment prevented β-cell loss. Thus, β-cell mass was preserved, 
whereas α-cell mass was reduced. Consistently, GABA-treated mice 
showed higher circulating insulin, lower glucagon, nearly normal 
glycemia, and improved metabolic conditions, and maintained 
close to normal glucose tolerance, during a period of 53 d after STZ 
injections.
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GABA treatment increased grafted β-cell proliferation, while 
decreasing apoptosis, leading to enhanced β-cell mass. This was 
associated with increased circulating human insulin and reduced 
glucagon levels. Importantly, GABA administration lowered blood 
glucose levels and improved glucose excursion rates.
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Gamma aminobutyric acid (GABA) exerts β-cell regenerative and 
immunoregulatory effects. Specifically, GABA stimulates β-cell 
replication, protects β-cells against apoptosis, and attenuates 
insulitis. These effects result in an enhanced functional β-cell mass 
and, in mice, this can reverse disease
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Twelve subjects were subjected to an open-labeled, three-period 
trial involving sequential oral administration of placebo, 2 g GABA 
once, and 2 g GABA three times/day for 7 days, with a 7-day 
washout between each period. GABA was rapidly absorbed (Tmax: 
0.5 ~ 1 h) with the half-life (t1/2) of 5 h.

GABA significantly increased circulating insulin levels in the subjects 
under either fasting or fed conditions. GABA also increased 
glucagon levels only under fasting conditions.

Importantly, GABA significantly decreased glycated albumin levels 
in the repeated dosing period.
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If C-peptide is above 2.5: 
1. Mitochondrial support 
* Glutathione
* NAC
* ALA
* Carnitine

If C-peptide is below 1.1 + elevated A1C:
1. GABA

STEP 3 – C-Peptide
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In the present study, we took a comprehensive approach 
to identify factor(s) that might unify multiple models of IR. 
Initially, we compared four diverse models of IR including 

chronic treatment with insulin, corticosteroids, 
proinflammatory cytokines, or lipid in both muscle and 

adipose cell lines.

We have now identified a direct correlation between 
mitochondrial oxidative stress in all models.
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Mitochondrial O2
•− has previously been linked to 

hyperglycemia-induced metabolic dysfunction in 
endothelial cell systems and in inflammation in 

adipocytes. 

A major advance of the present study is the observation 
that mitochondrial O2

•− is upstream of IR in skeletal muscle 
and adipose tissue.
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This hypothesis is exciting for a number of reasons. For 
example, it suggests that IR may be a protective 

mechanism, in which case we should perhaps reconsider 
using therapeutic strategies to overcome unless they also 
eliminate the primary defect. Moreover, it suggests that 

cells have evolved sophisticated mechanisms to not only 
guard against nutrient lack, such as the AMPK pathway, 

but also nutrient excess.
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The β-cell is particularly vulnerable to glucolipotoxicity. 
Other tissues, such as heart and skeletal muscle, that 

express the insulin-regulated glucose transporter GLUT4 
have the capacity to protect themselves from 

glucolipotoxicity by developing IR, which restrains glucose 
entry into cells and therefore the glucose arm of this 

potentially damaging process.
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The combination of high levels of glucose and FFA entry into cells 
will overload the electron transfer chain with reducing equivalents 

resulting in mitochondrial dysfunction and increased reactive 
oxygen species (ROS) production. The increased glucose entry will 
also alter the malonyl-CoA/AMPK metabolic network to favor the 

partitioning of the FFA toward synthesis of complex lipids, including 
cholesterol and ceramide, and glucolipotoxicity, contributing to 

both mitochondrial dysfunction and endoplasmic reticulum stress. 
The increased FFA levels will also impede glucose oxidation, 

particularly at the level of pyruvate dehydrogenase, such that 
glucose flux into pathways above this step, including glycogen 

synthesis, the polyol and hexosamine pathways, and the production 
of advanced glycation end product (AGE) precursors, are likely to 

be increased.212
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Review

Patient A
* Low Glycomark
* Elevated C-peptide
* Normal A1C

Patient B
* Normal Glycomark
* Elevated C-peptide
* Elevated A1C (5.8%)

Patient C
* Normal Glycomark
* Low C-peptide
* Elevated A1C (5.8%)

Patient D
* Low Glycomark
* Elevated C-peptide
* Normal A1C (5.3%)
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* Lipoic Acid - GLUT-4
* Chromium - insulin receptors
* Cinnamon - insulin receptors
* Banaba leaf - decreases hepatic 

gluconeogenesis, insulin-like 
glucose transport, ppar-alpha 
(liver), ppar-gamma (adipose)

* Berberine - AMPK, insulin receptors, 
inducing glycolysis, promoting 
glucagon peptide-1 release, 
inhibiting DPP-4, inhibiting hepatic 
gluconeogenesis

* Myricetin - IRS-1, PI3-Kinase, GLUT 4 
(Post receptor insulin signaling)

* Gymnema - reducing glucose 
absorption, regenerates beta cells, 
endogenous insulin production

* Fish oil - insulin sensitivity in skeletal 
muscle

* Nopal - high soluble fiber and pectin, 
intestinal glucose absorption, 

* Salacia Oblong - alpha-glucosidase 
inhibitor, ppar-alpha

* Green Tea - upregulates 
glycogenesis, downregulate 
glycogenolysis, protects against 
glycation, 

* Bilberry - insulin sensitivity
* American Ginseng - insulin sensitivity
* Glucomannan - water-soluble dietary 

fiber, glucose absorption
* Bitter Melon - structurally similar to 

insulin
* Vanadium - mimics insulin
* Holy Basil - increases insulin secretion
* Fenugreek - stimulates insulin 

secretion
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Hypoglycemi
a

Early IR Insulin 
Resistance

Late IR Type II 
Diabetes

Glucose Normal

C-Peptide /N Normal /

HA1C Normal/Low Normal

Cholesterol/
Triglyceride

Normal Normal Less than 2:1 Less than 2:1 Less than 2:1

LDH ? ? ? ?
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What have you learned so far?
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CBC with Differential
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Fats Carbohydrates Proteins

Citrate

cis-Aconitate

Isocitrate

α-ketoglutarate

Succinyl-CoA
Succinate

Fumarate

Malate

Oxaloacetate

Acetyl CoA

Glucose & Other Sugars Amino AcidsFA, Cholesterol, 
Glycerol

B1, B2, B3, B5, Lipoate

Cysteine, Fe++

B3, Mg, Mn

Mg

B2

B3
Asp

Tyr
Phe

Leu
Ile
Val
Met

Glu
His
Arg
Pro
Gln

B1, B2, B3, B5, LipoateCarnitine B1, B2, B3, B5, Lipoate

Cyt c
Q10

I

II

III IV

NADHNAD+
FAD

FADH2 H20

O2O2-
O2

ADP + Pi

Q10

ATP 
Synthase

ATP
NADH

FADH2

H+ H+ H+

Nutrient Deficiency

ETC complexes: CoQ10, copper, iron, riboflavin
Ox-Phos enzymes: MnSOD, Cu/Zn SOD, GPX
Ox-Phos nutrients: Mn, SOD, Cu, Zn, selenium, glutathione
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CBC

* Red blood cells (count)
* Hemoglobin
* Hematocrit
* Mean Corpuscular Volume (MCV)
* Mean Corpuscular Hemoglobin (MCH)
* Mean Corpuscular Hemoglobin Concentration (MCHC)
* Red Cell Distribution Width
* White blood cell (count)
* Platelet (count) 223



CBC with differential

* Includes the markers of a CBC
*Neutrophils
* Lymphocytes
*Monocytes
*Eosinophils
*Basophils
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Red Blood Cells

* Red blood cells are anucleated
cells, produced in bone marrow 
and have a life span of 
approximately 120 days.

* They have a phospholipid 
membrane

* Contain 280 million molecules of 
hemoglobin

* Contain cytosol and enzymes 
(PPP and glycolysis)
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Red Blood Cell

* In the bone marrow, the hormones erythropoietin 
(kidneys) and testosterone can stimulate RBC production

* RBCs are broken down by macrophages in the spleen, 
but can also be catabolized by the liver as well
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Red Blood Cell count

* Number of red blood corpuscles per volume of blood

Traditional Reference Range:
* Male: 4.5-5.9 X 106 cells/uL
* Female: 4.1-5.1 X 106 cells/uL

Optimal Reference Range:
* Male: 4.8-5.5 X 106 cells/uL
* Female: 4.4-4.8 X 106 cells/uL

228



Hemoglobin

* Hemoglobin is the oxygen 
carrying component of blood

* Requires protein, vitamin B6, zinc 
and iron (along with copper and 
vitamin C) for proper production
* A decrease of any of these 

nutrients can lead to poor 
hemoglobin production and 
smaller red blood cells

* Also acts as important buffer of 
blood
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Zinc

B6

Iron
230



Hemoglobin

* Hemoglobin measurement is the amount of hemoglobin per unit of 
blood.

Traditional Reference Range:
* Men: 14.0-17.4 g/dL
* Women: 12.0-16.0 g/dL

Optimal Reference Range
* Men: 14.5-16 g/dL
* Women: 13-14.5 g/dL

231



Hematocrit (Packed Cell Volume)

* Hematocrit means “to separate 
blood”.  

* Percentage of volume of blood 
composed of red blood cells

* Usually about three times the 
value of hemoglobin
* Size and shape of RBC can alter 

this
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Hematocrit

Traditional Reference Range
* Men: 42-52% or 0.42-0.52
* Women: 36-48% or 0.36-0.48

Optimal Reference Range
* Men: 44-49%
* Women: 39-45%

***Hematocrit can be 
misleading. For example, small 
RBC can be more tightly packed 
and thus create a lower 
hematocrit.  On the other hand, 
large red blood cells may not 
pack as well creating a falsely 
normal hematocrit despite 
having anemia.  

Fewer, large RBC = normal 
hematocrit

233



RBC, Hemoglobin, Hematocrit - Elevated
Cause Reason Additional Inquiry

Dehydration RBC can appear elevated due to 
hemoconctration, or a decrease in plasma 
volume.

Evaluate other dehydration markers 
(albumin, BUN, Na/K, specific gravity).

Elevated 
testosterone

Testosterone can increase RBC production. Evaluate testosterone signs, symptoms 
and markers.

Poor oxygenation High altitude, smoking, poor lung function (eg
asthma) could create relative hypoxia (low 
oxygen) in the body and increase RBC 
production to compensate.

Client history.

Thiamin deficiency In a rat study, thiamine deficiency increased 
EPO and red blood cell production (past 30 
days).

Evaluate other thiamin deficiency 
markers, including CO2 and anion gap 
(low CO2, increased anion gap).

Insulin resistance Insulin has been found to regulate 
erythropoiesis.  Increased insulin has been 
shown to increase RBC production.

Evaluate markers of glucose regulation.
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RBC, Hemoglobin, Hematocrit - Decreased
Cause Reason Additional Inquiry

Anemia Production, destruction or loss of RBC. Evaluate other CBC markers.

Liver disease Dilution due to volume overload, shortened 
RBC survival, poor response by bone marrow.

Evaluate liver markers.

Hypothyroidism Decreased nutrient absorption and/or 
decreased EPO production.

Evaluate thyroid markers (free T3).

Exercise Endurance exercise, during intense training, has 
been shown to decrease hemoglobin 3-8%.

Client history.

Arginine deficiency Arginine deficiency has been shown to decrease
hematopoetic stem cell differentiation and 
proliferation.

Nutritional history (including excess 
lysine).

Protein deficiency Decreases EPO production. Evaluate diet history.

Inflammation Infection, inflammation, cytokine dysregulation.  
Increased destruction and/or decreased 
production (TNFa, IL-6, INFg).

Evaluate markers of infection and 
infection.
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* Aspergillus
* Bacillus anthracis
* Babesia microti and Babesia divergens
* Bartonella bacilliformis
* Campylobacter jejuni
* Clostridium perfringens(Welchii)
* Coxsackievirus
* Cytomegalovirus
* Diplococcus pneumoniae
* Epstein-Barr virus
* Escherichia coli
* Fusobacterium necrophorum
* Haemophilus influenzae

Infections Known To Cause Hemolytic Anemia
* Hepatitis A
* Hepatitis B
* Hepatitis C
* Herpes simplex virus
* Human immunodeficiency virus 
* Influenza A virus
* Leishmania donovani
* Leptospira interrogans serovar ballum

and/or Leptospira kirschneri serovar
butembo

* Mumps virus
* Mycobacterium tuberculosis
* Mycoplasma pneumoniae
* Neisseria intracellularis

* Parvovirus B19
* Plasmodium falciparum
* Plasmodium malariae
* Plasmodium vivax
* Rubella virus
* Rubeola virus
* Salmonella
* Shigella
* Streptococcus
* Toxoplasma
* Trypanosoma brucei
* Varicella virus
* Vibrio cholerae
* Yersinia enterocolitica
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RBC, Hemoglobin, Hematocrit - Decreased
Cause Reason Additional Inquiry

Vitamin E deficiency Not used in human erythropoiesis, except when 
following a low calorie and/or low protein diet.

Evaluate nutritional history.

Magnesium 
deficiency

Causes increased iron absorption, uptake and 
storage, but appears to increase RBC fragility.

Evaluate magnesium status (high-normal
serum iron).

Zinc deficiency Causes poor hemoglobin synthesis, as well as 
increased RBC fragility (hemolysis).

Evaluate diet history as well as other zinc 
deficiency symptoms and markers (eg
alkaline phosphatase).

Copper deficiency Copper is required to keep iron in its usable (ferric) 
state.  Thus low copper leads to microcytic 
hypochromic anemia, which is unresponsive to 
iron.

Low ceruloplamin and/or serum copper.  
Possibly low neutrophils.

Selenium deficiency Selenium mitigates oxidative stress.  Leads to 
defective RBC differentiation, increased fragility, 
etc.

Evaluate diet history.

Vitamin B6 deficiency Necessary to synthesize hemoglobin.  Leads to 
microcytic anemia (sideroblastic).

Alcohol consumption.  Diet history.  Other 
vitamin B6 markers (low AST and/or ALT).

Vitamin A deficiency Because iron and ferritin are likely normal, appears 
to be a iron transport issue.  Also involved with 
EPO.

Diet history.  Symptoms of vitamin A 
deficiency (night blindness).237
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Red Blood Cells – Interfering factors

Interfering Factors
Elevated Decreased

Stress Recumbent during blood draw

Pregnancy

Poor venipuncture (venous stasis)
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* Influences to raise RCB count 
(dehydration, high testosterone, insulin 
resistance) combined with influences to 
decrease RBC count (anemia, 
hypothyroidism), can result in a normal
RBC on a blood chemistry.  

* Similarly, influences to raise hematocrit 
(macrocytosis, dehydration) combined 
with influences to lower hematocrit 
(anemia), can result in normal
hematocrit on a blood chemistry.

Combined Issues – The Art of Blood Chemistry Analysis

240



Mean Corpuscular Volume (MCV)

* Estimate of the average RBC size (volume) measured in 
micrometers (femtoliter, fL)

* Most clinically useful (versus MCH or MCHC)
* Calculation 

MCV = Hct (%) X 10/RBC

* Elevated MCV indicates larger than normal RBCs and 
decreased MCV indicates smaller than normal RBCs
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Mean Corpuscular Volume (MCV)

Traditional Reference Range
*80-96 fL/cell 

Optimal Reference Range
*84 – 92 fL/cell
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Mean Corpuscular Volume (MCV)

* It is also critical to understand that mixed red blood cells – some 
large, some small – can lead to a normal MCV

Interfering Factors
Elevated Decreased

Hyperglycemia
Increased reticulocytes

Increased WBC count
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Mean Corpuscular Volume (MCV)

* Elevated reticulocytes (large 
RBCs) can falsely elevate this 
value.  Thus reticulocyte count
is a highly valuable marker.
* With reticulocyte count, one 

can also calculate RBC lifespan
* Hyperglycemia can also falsely 

raise MCV.  
* When blood is mixed with a 

diluting solution (hypotonic) 
and there is high glucose, RBCs 
swell.
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Mean Corpuscular Hemoglobin (MCH)

* The mean corpuscular hemoglobin is a measure of the 
average weight of hemoglobin per RBC.

* It is calculated by:
MCH = hemoglobin (g/dL) X 10/red blood cell count
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Mean Corpuscular Hemoglobin (MCH)

Traditional Reference Range
*26-34 pg/cell

Optimal Reference Range
*28-32 pg/cell
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Mean Corpuscular Hemoglobin Concentration (MCHC)

* Measures the average concentration of hemoglobin in 
the red blood cells. 

* Good at monitoring therapy as it uses hemoglobin and 
hematocrit in its calculation

MCHC = hemoglobin (g/dL) X 100/hematocrit (%)
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Mean Corpuscular Hemoglobin Concentration (MCHC)

Traditional Reference Range
*32-36 g/dL

Optimal Reference Range
*33-35 g/dL
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MCH and MCHC

* Hyperlipidemia (high cholesterol and/or triglyceride) 
can falsely increase MCH and MCHC.  Therefore if 
elevated, quickly check lipid levels.
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MCV, MCH, MCHC – Elevated - Macrocytic
Cause Reason Additional Inquiry

B12 and/or folate 
deficiency

Poor intake (vegetarians), impaired absorption 
(intrinsic factor, HCL), parasites, increased 
requirements (hyperthyroidism, pregnancy), 
enzyme deficiencies (MTHFR), poor protein 
binding.

Diet history.  Other markers including 
genetic markers, MMA, homocysteine.

Vitamin C deficiency Strong relationship with RBC folate.* Diet history and other vitamin C
symptoms and markers (alk phos, 
bleeding gums)

Alcohol Result from nutritional deficiencies, chronic Gl
bleeding, hepatic dysfunction, or direct toxic 
effects of alcohol on erythropoiesis.

History.

Thiamin deficiency Causes marked macrocytosis, likely due to 
decrease in nucleic acid synthesis (PPP).

Evaluate other thiamin deficiency 
markers, including anion gap.

*Consider adding vitamin C when supplementing with natural folate. 250



Synthetic PteGlu correlates best with red cell folate at higher levels of intake

Natural 5CH(3)-H(4)-PteGlu(n) correlates best with red cell folate at lower levels of intake. 

However, dietary vitamin C and 5CH(3)-H(4)-PteGlu(n) interact synergistically to correlate with red cell 
folate at higher levels of intake. No interaction between dietary vitamin C and PteGlu was observed.

This 'natural' nutrient-nutrient interaction may provide an alternative to synthetic PteGlu
supplementation that is now linked to adverse phenomena/health outcomes. On its own, vitamin C 
also correlates with red cell folate and is strongly influenced by genetic variation in TS, MTHFR and 
MSR, genes critical for DNA and methionine biosynthesis that underpin erythropoiesis. Similarly, 
dietary vitamin C and 5CH(3)-H(4)-PteGlu(n) act synergistically to modify red cell folate status 
according to variation in folate genes: of note, heterozygosity for 2R3R-TS, SHMT, and all three MTHFR 
SNPs (G1793A, C677T and A1298C variants, respectively) promote a significant association with red 
cell folate. 
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MCV, MCH, MCHC – Normal - Normocytic 
Cause Reason Additional Inquiry

Hemolytic anemia Excess breakdown.  Normal RBC production, but less 
RBC, hemoglobin, hematocrit

Normal RDW can help confirm hemolytic 
anemia.  Also increased K and or Mg.

Kidney dysfunction Decreased EPO production. Kidney markers (BUN, creatinine,
electrolytes, cystatin-C, urinalysis)

Anemia of 
Inflammation

Poor red blood cell production, but those that are 
created are normal size and color.

Additional markers such as transferrin binding 
receptor can differentiate anemia of 
inflammation. Also CRP, ESR, acute phase 
reactants

Vitamin E deficiency Not used in human erythropoiesis, except when 
following a low calorie and/or low protein diet.

Evaluate nutritional history.

Magnesium deficiency Causes increased iron absorption, uptake and 
storage, but appeared to increase RBC fragility.

Evaluate magnesium status (high-normal
serum iron).

Selenium deficiency Selenium mitigates oxidative stress.  Leads to 
defective RBC differentiation, increased fragility, etc.

Evaluate diet history.

Oxidative stress ROS suppress EPO synthesis. Evaluate markers of oxidative stress (bilirubin, 
uric acid, GGT)

Vitamin C deficiency Scurvy often results in normocytic anemia.  Reduces 
vitamin E (lipid peroxidation), increased ROS, etc.

Diet history and other vitamin C symptoms 
and markers (alk phos, bleeding gums)252



MCV, MCH, MCHC – Decreased - Microcytic
Cause Reason Additional Inquiry

Iron deficiency Poor intake, malabsorption, increased iron loss 
(bleeding), increased iron requirements

Ferritin, TIBC, transferrin binding 
receptor.

Vitamin B6 
deficiency

Necessary to synthesize hemoglobin.  Leads to 
microcytic anemia (sideroblastic).

Alcohol consumption.  Diet history.  
Other vitamin B6 markers (low AST 
and/or ALT).

Copper deficiency Copper is required for converting iron into its 
useable form for transportation and heme
synthesis.

Low ceruloplasmin and/or serum copper.  
Possibly low neutrophils.  High zinc 
intake.

Zinc deficiency Causes poor hemoglobin synthesis, as well as 
increased RBC fragility (hemolysis).

Diet journal.  Decreased taste acuity, low 
hormones (testosterone), skin issues all 
can indicate zinc deficiency.  Zinc tally 
test.  Low alkaline phosphatase.

Vitamin A deficiency Because iron and ferritin are likely normal, 
appears to be a iron transport issue.  Also 
involved with EPO.

Diet history.  Symptoms of vitamin A 
deficiency (night blindness).

Vitamin C deficiency Interactions with iron. Diet history and other vitamin C
symptoms and markers (alk phos, 
bleeding gums)
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Vitamin A
- Acne, dry skin, rough (bumpy) skin on back of arms
- Photophobia, poor night vision, loss of “shininess” 

of eyes
- Gingivitis

Nutrient Deficiencies – Physical Manifestations
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Vitamin B6
- Angular stomatitis/cheilosis, 

sore reddened tongue, 
- Peripheral neuropathy, 

tremors/convulsions, 
behavioral disturbances 
(depression, slow 
mentation)

Nutrient Deficiencies – Physical Manifestations
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Vitamin B2
- sore/reddened tongue, 

angular stomatitis, gingivitis
- Nasolabial dyssebacia (red, 

inflamed, oil producing 
sebaceous glands on sides 
of nose)

Nutrient Deficiencies – Physical Manifestations
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Vitamin B1
- Dementia, ataxia (with poor reflexes), nystagmus
- Tachycardia, intermittent claudication
- Muscle pain, calf tenderness/weakness

Nutrient Deficiencies – Physical Manifestations
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Red Cell Distribution Width (RDW)

* Indication of the variation in red cell size, called anisocytosis.
* Red blood cells normally have some variation in size, hence having 

a traditional reference range of 11.5-14.5% 
* Optimal reference range is <12%

* The RDW is helpful in identifying an anemia of nutrient deficiency 
versus other types, such as blood loss, hemolysis, etc

* Generally speaking, when RDW is normal and anemia is present, it is 
likely not due to nutrient deficiency.  If RDW is elevated and anemia 
is present, it is likely due to nutrient deficiency (eg iron, B12, folate, 
B6, etc).

* If no anemia is present, RDW might be used as an inflammatory 
marker 258
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To assess whether RDW is associated with plasma markers of inflammation since the 
mechanism(s) underlying this association remain unknown.

…a strong, graded association of RDW with hsCRP and ESR independent of numerous 
confounding factors. If confirmed in future follow-up studies, this association might 
provide a rationale to introduce the easy, inexpensive RDW in algorithms for 
cardiovascular risk prediction.
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Red blood cell distribution width (RDW) is the coefficient of variation of red blood cell 
size, considered to be associated with cardiovascular disease (CVD). This study 
aimed to comprehensively synthesize previous studies on RDW and CVD outcomes 
through an overall and dose-response meta-analysis

Twenty-seven articles, consisting of 28 studies and 102,689 participants (mean age 
63.9 years, 63,703 males/36,846 females, 2,140 gender-unmentioned subjects) were 
included in the present meta-analysis. 

The pooled HRs are 1.12 (95% CI = 1.09–1.15) for the association of all-cause mortality 
(ACM) per 1% increase of RDW, 1.12(95% CI = 1.08–1.17) for major adverse cardiac 
events (MACEs) per 1% increase of RDW. 

For every 1-unit increase of RDW, there is an increased risk of occurrence of ACM and 
MACEs. This study indicates RDW may be a prognostic indicator for CVD outcomes.
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Anemia

* RBC, hemoglobin, hematocrit – if decreased, suggest 
anemia (inability to optimally deliver oxygen to cells of 
the body)

* MCV, MCH, MCHC – suggest the cause or type of 
anemia

* RDW – can help indicate whether the anemia is of a 
nutrient deficiency or not

263



Anemia

1. Production
* Nutrient deficiencies, lack of production stimulus

2. Destruction
* RBC are being broken down more rapidly than they can be 

produced
* Nutrient deficiency, infection

3. Loss
* Red blood cells are being lost via abnormal bleeding
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↓RBC, Hgb, Hct

↓ MCV (N) MCV ↑ MCV

Iron deficiency
Copper deficiency
Vitamin A deficiency
Vitamin B6 deficiency
Vitamin C deficiency
Zinc deficiency
Lead toxicity

Hemolytic anemia
- Magnesium deficiency
- Selenium deficiency
- Infection
Inflammation/Chronic disease
Vitamin C deficiency
Vitamin E deficiency
Oxidative stress
Protein deficiency
Kidney dysfunction

Vitamin B12 deficiency
Folate deficiency
Vitamin C deficiency
Thiamine deficiency
Hypothyroidism
Alcohol consumption
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Why Supplement?

266

Meal Food Portion

Breakfast

Hard boiled eggs
100% multigrain bread
Natural almond butter
Fresh orange juice

2 each
2 slices
1 Tbsp
4 oz.

Snack 2% cottage cheese
Fresh Blueberries

½ cup
1 cup

Lunch

Grilled chicken breast
Romaine lettuce
Fresh red onion, 1/8” 
thick
Cucumber slices
Cherry tomatoes
Caesar salad dressing

4oz.
4 cups
4 pieces
½ cup
½ cup
2 Tbsp

Snack
Dry roasted peanuts
Medium apple
Skim milk

1 oz.
1 each
8 oz.

Dinner

Grilled Salmon
Brown rice
Mixed vegetables
Steamed spinach

6 oz.
1.5 cup
2 cups
1 cup

2048 Calories, 45% Carb, 28% fat, 28% Pro 



Differentiating Between Destruction and Loss
Anemia Due to 

Blood Loss
Anemia of 

Inflammation
Hemolytic 

Anemia
Iron Deficiency

RBC ↓ ↓ ↓ ↓
Hgb ↓ ↓ ↓ ↓
Hct ↓ ↓ ↓ ↓

MCV N N↓ N↓ ↓
MCH N N↓ N↓ ↓

MCHC N N↓ N↓ ↓
RDW N N N ↑
Iron ↓ ↑ ↓

Ferritin ↓ ↑ ↑ ↓
TIBC ↑ ↑

Reticulocyte Count ↑ N↓ ↑ N↓

Transferrin Receptor N↓ ↑
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Iron 
Deficiency

Vitamin A 
Deficiency

Copper
Deficiency

Zinc
Deficiency

Vitamin B6 
Deficiency

Hemolytic 
Anemia

RBC ↓ ↓ ↓ ↓ ↓ ↓
Hgb ↓ ↓ ↓ ↓ ↓ ↓
Hct ↓ ↓ ↓ ↓ ↓ ↓

MCV ↓ ↓ ↓ ↓ ↓ N↓
MCH ↓ ↓ ↓ ↓ ↓ N↓

MCHC ↓ ↓ ↓ ↓ ↓ N↓
RDW ↑ ↑ ↑ ↑ ↑ N
Iron ↓ ↑ ↓ ↑ ↑ ↑

Ferritin ↓ ↑ ↓ ↑ ↑ ↑
TIBC ↑ ↓ ↑ ↓ ↓ ↓

Reticulocyte 
Count

↓ ↓ ↓ ↓ ↓ ↑

Transferrin 
Receptor

↑ ↑

Ceruloplasmin/
Copper

↓

AST ↓
ALT ↓

Neutrophils N ↓
Homocysteine ↑

Alkaline 
Phosphatase

↓
268



Combined Iron and B12 Deficiency

* If both iron and B12 are deficient, the MCV might be normal
* Iron deficiency leads to microcyosis (low MCV), B12 deficiency 

leads to macrocytosis (high MCV)
* Research suggests the platelet/MCH ratio can help differentiate 

between the two
* In patients with iron deficiency (low ferritin), a platelet/MCH ratio 

>12.0 was indicative of a possible B12 deficiency as well
* Platelets 350, MCH 26: 350/26 = 13.5

269



Iron

* Serum iron concentration measures iron bound to transferrin. 
* This value represents approximately one-third of the total iron 

binding capacity (TIBC) of transferrin protein, which is made largely 
in the liver.

* TIBC measures the iron-binding capacity of transferrin.  
* In iron deficiency anemia, TIBC will increase due to an increase in 

production of transferrin.
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Iron

* Iron by itself is a relatively poor marker of 
iron status and can fluctuate considerably.  

* Iron has many functions in the body 
including:
* Hemoglobin and myoglobin
* Cytochrome enzymes in the Electron Transport 

Chain (ATP synthesis)
* Monooxygenase enzmes (dopamine and 

serotonin synthesis)
* Peroxidases (catalase, myeloperoxidase, 

thyroperoxidase)
* Collagen and carnitine synthesis 271



Iron

* Can also create massive amounts of oxidative stress via a process 
called the Fenton reaction

* Iron absorption is enhanced by sugars (fructose), acids (ascorbic), 
meat.

* Iron absorption is inhibited by polyphenols (tannins), oxalic acid 
(spinach, tea), phytates, other minerals (zinc, calcium)
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Iron

Traditional Reference Range
* 40-155 mcg/dL

Optimal Reference Range
* 80-100 mcg/dL

Transferrin saturation % = (serum iron X 100)/TIBC
Example:
* Serum iron = 100
* TIBC = 300 mcg/dL
* Transferrin saturation = 33%  

* The lower the saturation, the more likely iron deficiency exists
273



Iron - Elevated

Cause Reason Additional Inquiry
Hemosiderosis, 
hemochromatosi
s

Genetic conditions clients are likely 
already aware of.  Iron overload.

Client history.

Hemolytic 
anemia

If RBCs break-down, iron will be released and 
can increase in the serum.

Evaluate CBC markers. 

Liver damage Liver and spleen are major sources of iron 
storage.  Thus if there is active liver 
inflammation iron levels may increase.

Evaluate liver markers.

Vitamin B6 
deficiency

If B6 is not available for heme synthesis, iron 
will not be used and can increase.

Evaluate AST, ALT.
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Iron - Decreased

Cause Reason Additional Inquiry
Poor intake Diet journal.

Poor absorption Diet journal.
Chronic blood loss Heavy menstruation, GI bleed Client history.  Reticulocytes. CBC.

Chronic disease 
and/or chronic
infection

Iron either becomes depleted or sequestered. Client history.

Progesterone birth 
control pills

Association Client history.
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Transferrin/TIBC - Elevated

Cause Reason Additional Inquiry
Iron deficiency Increased production. Evaluate ferritin.

Pregnancy
Elevated estrogen Estrogen tends to increase plasma protein 

production, including transferrin.
Client history for exogenous use.  
Evaluate T3 Uptake.
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Transferrin/TIBC - Decreased

Cause Reason Additional Inquiry
Anemia of 
Chronic Disease

Transferrin is a negative acute phase reactant, 
meaning it will tend to decrease during chronic 
inflammation and/or infection

Client history.

Chronic infection Same as above Client history. Evaluate WBCs.
Liver dysfunction Poor production. Evaluate liver markers.
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Ferritin

* Ferritin is considered to be the body’s stored form of iron.
* It is the ferrous form of iron (Fe2+) complexed with a 

protein, apoferritin, storing it in the ferric state (Fe3+).
* Most reliable indicator of total-body iron status. 
* Ferritin is an acute phase reactant, in that it will increase 

during inflammation or infection.
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Ferritin

Traditional Reference Range
* Men: 18-270 ng/mL or 18-270 ug/L
* Women: 18-160 ng/mL or 18-160 ug/L

Optimal Reference Range
* 50-150 ng/mL (Iron Disorders Institute’s Scientific & Medical 

Advisory Board)
* Women: 50-100 ng/mL?*
* Men: >100 ng/mL?* 
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Ferritin

Traditional Reference Range
* Men: 18-270 ng/mL or 18-270 ug/L
* Women: 18-160 ng/mL or 18-160 ug/L

Optimal Reference Range
* 50-150 ng/mL (Iron Disorders Institute’s Scientific & Medical Advisory 

Board)
* Women: 50-100 ng/mL?*
* Men: >100 ng/mL?* 
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Ferritin - Elevated

Cause Reason Additional Inquiry
Hemosiderosis, 
hemochromatosi
s

Genetic conditions clients are likely 
already aware of.  Iron overload.

Client history.

Inflammatory
diseases

Acute phase reactant. Evaluate other inflammation markers.

Liver damage Liver and spleen are major sources of iron 
storage.  Thus if there is active liver 
inflammation iron levels may increase.

Evaluate liver markers.

Hemolytic anemia, 
sideroblastic anemia

Iron is being lost or unused from RBCs, thus 
leading to excess iron.

Evaluate CBC.
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Ferritin - Decreased

Cause Reason Additional Inquiry
Poor intake Diet journal.

Poor absorption Diet journal.
Chronic blood loss Heavy menstruation, GI bleed Client history.

Chronic disease 
and/or chronic
infection

Iron either becomes depleted or sequestered. Client history.

Progesterone birth 
control pills

Client history.
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Reticulocyte Count

* Reticulocytes are early red blood cells that are formed in the bone marrow, 
enter the blood stream and, after 1-2 days become fully matured red blood 
cells.

* They do not contain a nucleus, but rather have nucleic acid remnants, 
which are not found in fully formed red blood cells. 

* Reticulocytes tend to be elevated in blood loss and/or hemolytic anemia 
but normal, or even low, in anemia of nutrient deficiency
* Poor RBC production due to low nutrient deficiency – they cannot make more
* But respond rapidly to nutrient supplementation by increasing production

* Thus reticulocytes can be helpful in seeing if nutrient supplementation is working or not
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Reticulocyte count - Increased

Cause Reason Additional Inquiry
Hemolytic
anemia

Breakdown of red blood cells leads to 
low oxygen state, which is sensed by 
the kidneys and increases EPO 
production

Blood loss Same Client history.
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Reticulocyte count - Decreased

Cause Reason Additional Inquiry
Untreated 
nutrient 
deficiency 
anemia (iron, 
B12)

Nutrient deficiency leads to poor RBC 
production, despite attempts by the body to 
increase production

Evaluate nutrient-related markers.

Anemia of chronic 
disease

Inflammation suppresses the ability to make 
more red blood cells.

Evaluate other inflammatory markers.

Alcoholism Causes nutrient deficiency History
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* Reticulocyte “count” is a percentage of RBC, not 
an absolute count

* Thus, in anemia, low RBCs may create an 
increased reticulocyte “count”

Reticulocyte Production Index
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Reticulocyte count = 
* number of reticulocytes counted/number of 

erythrocytes counted

Corrected Reticulocyte Count = 
* Reticulocyte % X Hct/Normal hematocrit 

(usually 45)

Reticulocyte Production Index =
* Corrected Reticulocyte Count X Correction 

Factor

Reticulocyte Production Index

Correction of Reticulocyte Count
Hematocrit (%) Reticulocyte Life Span 

(RLS)
36-45 1.0
26-35 1.5
16-25 2.0
<15 2.5

Adapted from Harrisons Principles of Internal Medicine, 18th edition.
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Reticulocyte count = 0.8%
* number of reticulocytes counted/number of 

erythrocytes counted

Corrected Reticulocyte Count = 
* Reticulocyte % X Hct/Normal hematocrit
* 0.8 X 38/45 = 0.6755 or 0.7%

Reticulocyte Production Index =
* Corrected Reticulocyte Count X Correction 

Factor
* 0.7 x 1.0 = 0.7

Reticulocyte Production Index

Correction of Reticulocyte Count
Hematocrit (%) Reticulocyte Life Span 

(RLS)
36-45 1.0
26-35 1.5
16-25 2.0
<15 2.5

Adapted from Harrisons Principles of Internal Medicine, 18th edition.
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RPI <2 (with anemia)
* Loss of red blood cells
* Likely due to production issue (i.e. bone 

marrow)

RPI >3 (with anemia)
* Loss of red blood cells
* Due to destruction or loss (i.e. bleeding)

Reticulocyte Production Index

Correction of Reticulocyte Count
Hematocrit (%) Reticulocyte Life Span 

(RLS)
36-45 1.0
26-35 1.5
16-25 2.0
<15 2.5

Adapted from Harrisons Principles of Internal Medicine, 18th edition.

292



White Blood Cell Count

* Refers to total amount of white blood cells
* The CBC with differential includes the five major types of white blood cells:

* Neutrophils, lymphocytes, monocytes, eosinophils, basophils
* The WBC count is of limited value without the differential
* In general, an elevated WBC indicates an infection of an acute nature, and 

a decreased WBC count indicates an infection of a more chronic nature.
* Decreased WBCs are often seen in autoimmune conditions and pernicious 

anemia as well.
* Interestingly, high-normal white blood cell counts, along with neutrophils, 

can indicate possible endothelial dysfunction and peripheral artery disease
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White Blood Cell Count

Interfering factors include:
- Stress: epinephrine response can increase white blood cells
- Time of day:  lower in the morning, higher in the evening
- Other:  age, gender, exercise, pregnancy, pain, temperature 

and altitude can all affect results
- Early infection/inflammation: Migration out of blood may 

temporarily lower serum numbers before compensation takes 
place
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White Blood Cell Count

Traditional Reference Range:
*3.4-10.8 x10E3/uL
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The WBC count, a stable, well-standardized, widely available and inexpensive 
measure of systemic inflammation, is an independent predictor of CVD events 
and all-cause mortality in postmenopausal women. A WBC count greater than 6.7 
x 10(9) cells/L may identify high-risk individuals who are not currently identified by 
traditional CVD risk factors.  (Approximately 50% increase in risk.)
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The peak forearm blood flow (FBF) response to intra-brachial artery infusion of 
acetylcholine was inversely related to WBC count (r=−0.38, P=0.004) and was 34% 
smaller in subjects with higher vs. lower WBC count (>vs.< median of 5.0×109

cells/L, P=0.001). EDD was related (P<0.05) to neutrophil, eosinophil and 
monocyte, but not lymphocyte or basophil counts.

299

EDD: Endothelium Dependent Dilation



* Neutrophils à myeloperoxidase à oxidized 
tetrahydrobiopterin à NO production 
*Myeloperoxidase also consumes NO

* Result = increased endothelial dysfunction 

EDD Related to Neutrophils
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We demonstrated that total WBC counts in young adults is associated 
prospectively with subclinical atherosclerosis measured by CAC 20 years later into 
middle age, suggesting total WBC and eosinophil counts may be a marker of 
early stage atherosclerosis.
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Q1: ≤4300, Q2: 4310−5040, Q3: 5050–6030, and Q4: ≥6040 cells/𝜇L for women 
and 
Q1: ≤4710, Q2: 4720–5500, Q3: 5510–6455, and Q4: ≥6460 cells/𝜇L for men.
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White Blood Cell Count

Traditional Reference Range:
*3.4-10.8 x10E3/uL

Optimal Reference Range
*4.5 – 6.5 x10E3/uL
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Neutrophils

* The most abundant and most 
motile of all white blood cells

* Neutralizes an invader by 
phagocytosis
* Contains a number of enzymes 

and pyrogens that can also 
cause damage to host cells

Optimal range: 50-60%
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Neutrophils

Elevated 
* Generally due to bacterial infection and/or inflammation

Decreased
* Copper deficiency

* Low hemoglobin/RBC, ferritin may be elevated, possible ataxia; high 
zinc intake (>50mg/day)

* B12 or folate deficiency
* Elevations in other types of white blood cells

Interfering factors: stress, excitement, fear, anger, joy and exercise temporarily 
cause increase neutrophils.  
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Lymphocytes
* Lymphocytes contain a wide 

variety of white blood cells 
including B-cells, T-cells and 
Natural Killer Cells

* The lymphocyte count does not 
differentiate between these –
more specific testing is required to 
identify the lymphocyte subsets

Optimal range: 30-35%
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Lymphocytes

Elevated
* Viral infections
* Crohn’s disease
* Other autoimmune diseases
* Hypoadrenalism (cortisol suppresses lymphocytes, so low cortisol 

may cause elevation – check sodium and potassium)
Decreased
* Zinc deficiency
* Elevations of other white blood cells

Interfering factors: Exercise, emotional stress and menstruation 
can cause increase in lymphocytes.
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Monocytes
* Monocytes leave circulation within 

16-36 hours and become 
macrophages

* Macrophages remove foreign 
substances via phagocytosis
* They also participate in the 

destruction of old red blood cells, 
denatured proteins, microorganisms, 
and dead cells

* Macrophages can become 
Antigen Presenting Cells (APCs) 
and deliver an antigen to 
lymphocytes

Optimal range: <6%
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Monocytes

Elevated
* Generalized, systemic inflammation
* Collagen disease, such as Rheumatoid Arthritis
* Ulcerative colitis
* Recovery state after an infection or trauma
* One study showed that a white blood cell count of 5.5 with high-

normal monocytes (6.1%) was associated with non-alcoholic fatty 
liver disease
* Kim, Hack-Lyoung, Goh Eun Chung, In Young Park, Jin Man Choi, Se-Min Hwang, Jeong-Hoon Lee, 

and Donghee Kim. 2011. “Elevated Peripheral Blood Monocyte Fraction in Nonalcoholic Fatty Liver 
Disease.” The Tohoku Journal of Experimental Medicine 223 (3): 227–33.
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Eosinophils
* Eosinophils are also 

phagocytic immune cells and 
become active in the later 
stages of inflammation. 

* They are found in large 
numbers in the intestines and 
lungs.  

Optimal range: <3%
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Eosinophils

* One study suggested eosinophils may be elevated in 
primary biliary cirrhosis, which can also raise HDL levels. 
* Thus if they are both elevated, consider primary biliary 

cirrhosis.
* Eosinophil levels also tend to correlate with platelet 

counts and fibrinogen.
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Eosinophils

Elevated
* Allergies, asthma
* Parasitic infection, tapeworms
* Hypoadrenalism
* Chronic skin disease, such as eczema
* Ulcerative colitis, Crohn’s
* Aspirin sensitivity

Decreased
* Significantly elevated cortisol

Interfering factors: Lowest in the morning.  Stress and high cortisol 
can lower numbers. 317



Basophils
* Basophils contain a large number 

of granules containing heparin, 
histamine, leukotriene, serotonin, 
etc.

* They are associated with 
inflammation and 
hypersensitivities

* Tissue basophils are called mast 
cells.
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Basophils

Elevated
* Inflammation, allergy
*Chronic hemolytic anemia
*Hypothyroidism
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Platelet Count

* Platelets, also known as thrombocytes, are small, anucleated, cell 
fragments found in the blood.

* Their lifespan is about 7-10 days.
* Platelets are involved in the clotting cascade and contain a 

number of chemicals that they release, when activated, that 
promotes clotting.

* They are also necessary for vascular integrity and vasoconstriction
* Low levels of platelets can cause increased bleeding; elevated 

levels can increase clotting
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10% of the 487 men with the highest platelet counts (mean platelet count 305) 
had an annual CHD mortality of 1.27%.

321
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Platelet Count

Traditional Reference Range
*140-400 x 103/mm3

Optimal Reference Range
*225-275 x 103/mm3
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Platelet Count - Increased

* In 50% of patients who exhibit unexpected platelet increases, a 
malignancy is found.  But this must be outside of the laboratory 
reference range.

Cause Reason Additional Inquiry
Iron deficiency 
anemia

Mechanism unknown. Possibly due to increased 
erythropoietin levels. 

*Should be noted that some references 
show low platelets in severe iron 
deficiency anemia.

Collagen diseases 
(rheumatoid 
arthritis, lupus)
Hemolytic anemia 
and/or blood loss

Increased production of all blood cells Evaluate CBC.

Stress, infection, 
inflammation

Increased thrombosis during inflammation.
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Platelet count - Decreased
Cause Reason Additional Inquiry

Alcoholism Poor liver function, leading to decreased 
thrombopoetin.

Evaluate liver markers.

Liver dysfunction The liver produces thrombopoetin, which 
stimulates platelet production.  Therefore poor 
liver function can lead to low thrombopoetin
levels.

Evaluate liver markers.

Certain viral and 
bacterial infections

Observation. Evaluate WBC, lymphocytes.

Pernicious anemia Poor nuclear function, including
megakariocytes.

Bleeding Blood loss can lead to decrease of all blood 
cells, including platelets.

Client history.  CBC.
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* Neutrophil/Lymphocyte Ratio
* < 2.4

* Platelet/Lymphocyte Ratio
* < 140 
* Platelets 238/lymphocytes 1.7 = 140

* Lymphocyte/Monocyte Ratio
* > 4
* Lymphocyte 2.0/monocytes .5 = 4

Ratios
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NLR and PLR were higher in HF patients than in age-sex matched controls. 
However, NLR and PLR were not sufficient to establish a diagnosis of HF.

The best cut-off value of NLR to predict HF was 3.0, with 86.3% sensitivity and 77.5% 
specificity, and the best cut-off value of PLR to predict HF was 137.3, with 70% 
sensitivity and 60% specificity. 
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Mortality was highest in patients with PLR within the 3rd tertile as compared to the 
2nd and the 1st tertile.

Group I included patients with PLR < 87 (n = 986); group II included patients with 
PLR value of ⩾87 and < 121 (n = 986); and group III included patients with 
PLR ⩾ 121 (n = 987).
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Low lymphocyte to monocyte ratio (LMR) has been reported to be a poor 
prognostic indicator in several malignancies.

Fifty-six studies comprising 20,248 patients were included in the analysis. Overall, 
decreased LMR was significantly associated with shorter [onset of symptoms] in 
non-hematological malignancy and hematological malignancy.

By these results, we conclude that a decreased LMR implied poor prognosis in 
patients with cancer and could serve as a readily available and inexpensive 
biomarker for clinical decision.
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* Neutrophil/Lymphocyte Ratio
* < 2.4

* Platelet/Lymphocyte Ratio
* < 140 

* Platelets 238/lymphocytes 1.7 = 140
* Lymphocyte/Monocyte Ratio
* > 4

Ratios
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Electrolytes
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Quick Word on Osmolarity
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Electrolytes

* Sodium
* Potassium
* Magnesium
* Chloride
* CO2 (bicarbonate)
* Calcium
* Phosphorus

338



Sodium

* Sodium is the most abundant extracellular cation (positively 
charged ion) in the body.  

* Though there is more calcium and phosphorus, it could be strongly 
argued that sodium is the most important cation due to its 
influences on fluid balance in the body. 

* Sodium has a critical role in overall electrolyte and water balance, 
including plasma volume, interstitial water volume and cellular 
hydration.  

* Sodium and electrolyte balance is necessary for proper muscular 
contraction, including the heart, absorption of nutrients in the GI 
tract, nerve impulse and action potentials, pH balance, and more. 
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Sodium - Functions

* Sodium helps achieve these via the NaKATPase pump or 
transporter (aka the Sodium-Potassium ATPase, or the Sodium-
Potassium Pump).  

* It is worth noting that the NaKATPase pump requires ATP (eg
energy) and as such is a substantial portion of the body’s total 
metabolic activity and contributor to thermogenesis. 

* Fluid balance (osmotic gradient)
* Nerve transmission (action potentials)
* Muscle contraction (depolarization)
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Sodium

* Due to the relative abundance of sodium in the food supply, 
losses in sodium (functional hyponatremia) have more to do 
with physiological reasons than it does intake.  

* Conversely, elevation in sodium (hypernatremia) could be in 
part due to excess sodium intake.

* Determinations of plasma sodium levels detect changes in 
water balance rather than sodium balance.

* Largely hormonally regulated – aldosterone, ADH, atrial 
natriuretic peptide

344



345



346



Sodium

Traditional Reference Range:
*135-148 mmol/l

Optimal Reference Range:
*139-142 mmol/L

347



Sodium

* Symptoms of hypernatremia include dryness of 
mucous membranes, thirst, restlessness

* Symptoms of hyponatremia include weakness, 
confusion, lethargy
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Sodium – Elevated (functional hypernatremia)
Cause Reason Additional Inquiry

Dehydration Sodium appears higher due to lower 
water content in plasma.  Hydrating 
the client should correct this lab 
abnormality.

Other markers of dehydration 
including BUN, albumin, RBC, 
hemoglobin and hematocrit.

Hyperaldosterone Aldosterone stimulates kidneys to 
reabsorb sodium back into the blood 
stream, and excrete potassium.  

Elevated sodium, decreased 
potassium.  Often will have high 
blood pressure.  May have 
fatigue, headaches, muscle 
weakness.

High sodium intake Diet journal

Elevated – Functional hypernatremia can be caused by an increase in 
sodium or a relatively loss in water only, making sodium appear higher than 
normal.  Either one can cause movement of water out of cells and thus 
cellular dehydration.  349



Elevated Sodium - Dehydration

* Hemoconcentration
* Less water in plasma makes it 

appear there is more sodium per 
unit of water

* Will likely be true of a number of 
other markers as well (urea, 
electrolytes, RBC, hemoglobin, 
hematocrit)
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Elevated Sodium – High Aldosterone

* Aldosterone is released from the 
adrenal cortex

* Acts on the principle cells of the 
nephron (kidney)

* Results in the reabsorption of 
sodium (high in blood) and 
excretion of potassium (high in 
urine)
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Sodium – Decreased (functional hyponatremia) 

Decreased – Functional hyponatremia are either due to 
low sodium levels or excess water relative to sodium levels.  
This can lead to water movement out of extracellular fluid 
and into cells, thus causing cellular swelling. 
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Sodium – Decreased (functional hyponatremia) 
Cause Reason Additional Inquiry

High serum glucose Glucose causes a shift in osmolarity and tends 
to pull water out of cells and dilutes 
extracellular fluid, including sodium.  

Evaluate glucose levels.  

Hypocortisol 
secretion

Cortisol deficiency leads to an increase in CRH 
secretion, which acts as an ADH 
secretagogue.  Cortisol also suppress ADH so if 
low, would allow for more secretion of ADH 
and thus hyponatremia.  

Evaluate cortisol levels.

Glycosuria The presence of an osmotically active and 
poorly reabsorbed solute in the can cause 
renal excretion of Na+ and culminates in 
volume depletion

Evaluate urinalysis.  If glucose is present, 
it may be contributing to low sodium.

Ketonuria Hydroxybutyrate and acetoacetate (ketones) 
increase electrolyte loss in the urine, including 
sodium.

Evaluate urinalysis.  If ketones are 
present, it may be contributing to low 
sodium.

Hypothyroidism Mechanism unclear, though thought to be 
related to kidney function.

Evaluate thyroid markers.

Fluid loss (ie sweat) If fluid loss accompanies excessive sodium loss, 
hyponatremia can result.

Inquire about excessive sweating, 
saltiness of sweat, or diarrhea.
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High Serum Glucose

* When glucose is elevated in the blood, it increases 
osmolarity of the blood and thus, water is pulled from 
cells in an attempt to dilute it and thus lower osmolarity

* Adding water to the plasma can dilute the solutes, 
making sodium appear low
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Low cortisol secretion

* If cortisol is low, so to may CRH (corticotropin releasing hormone) 
from the hypothalamus.  

* CRH normally stimulates the posterior pituitary to release anti-
diuretic hormone, which signals the kidneys to reabsorb more water

* Cortisol also inhibits ADH thus, if cortisol is low, ADH may be elevated
* Bottom line – if cortisol is low, there may be elevated ADH, which 

stimulates the kidneys to reabsorb water (not sodium) which can 
dilute the plasma and make it appear sodium is low
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Sodium – Decreased (functional hyponatremia) 
Cause Reason Additional Inquiry

High serum glucose Glucose causes a shift in osmolarity and tends 
to pull water out of cells and dilutes 
extracellular fluid, including sodium.  

Evaluate glucose levels.  

Hypocortisol 
secretion

Cortisol deficiency leads to an increase in CRH 
secretion, which acts as an ADH 
secretagogue.  Cortisol also suppress ADH so if 
low, would allow for more secretion of ADH 
and thus hyponatremia.  

Evaluate cortisol levels.

Glycosuria The presence of an osmotically active and 
poorly reabsorbed solute in the can cause 
renal excretion of Na+ and culminates in 
volume depletion

Evaluate urinalysis.  If glucose is present, 
it may be contributing to low sodium.

Ketonuria Hydroxybutyrate and acetoacetate (ketones) 
increase electrolyte loss in the urine, including 
sodium.

Evaluate urinalysis.  If ketones are 
present, it may be contributing to low 
sodium.

Hypothyroidism Mechanism unclear, though thought to be 
related to kidney function.

Evaluate thyroid markers.

Fluid loss (ie sweat) If fluid loss accompanies excessive sodium loss, 
hyponatremia can result.

Inquire about excessive sweating, 
saltiness of sweat, or diarrhea.
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Sodium – Interfering factors

Interfering Factors

Elevated Decreased

High triglycerides or low protein

Medications
- Anabolic steroids, corticosteroids, 

calcium, iron

Medications
- Heparin, laxatives, diuretics
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Potassium

* Potassium is the most abundant intracellular cation and 
plays a number of important roles in the body.  

* In fact, it is estimated that 95-98% of the body’s 
potassium is found within cells.  Serum levels of potassium 
are relatively low and thus minor changes can be 
significant.  
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Potassium

* Potassium has a number of important roles including helping to 
regulate acid-base balance, nerve conduction and action 
potentials, and muscle contraction, including the cardiac muscle.  

* The NaKATPase pump transports three sodium ions out of a cell 
while transporting two potassium ions inside the cell.  

* It is partly due to this discrepancy – three positively charged sodium 
ions to two positively charged potassium ions – that contributes to 
the transmembrane potential also known as the resting membrane 
potential.  
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Potassium

* Potassium levels are influenced by intake, excretion, and 
distribution throughout the body.  

* Potassium can be impacted by hormones, including 
insulin and aldosterone, changes in acid-base balance, 
kidney function, and can be lost via skin or the 
gastrointestinal system. 
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Potassium

* While potassium is necessary for basic cellular function of 
muscle and neuronal tissue, a number of studies have 
shown the lower ones serum potassium level, the higher 
the risk of cardiovascular risk and mortality.  
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Potassium

Traditional Reference Range
*3.5-5.5 mmol/L

Optimal Reference Range
*4.0-4.4 mmol/L
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Potassium – Elevated (functional hyperkalemia)

* Functional hyperkalemia is generally due to poor excretion of 
potassium, or intracellular loss.  High potassium intake could 
possibly cause an increase in serum potassium levels, though 
the body will likely regulate this.  However, the kidneys can take 
up to three weeks to adapt to high potassium levels, so newly 
increased intake can be elevated on a blood chemistry for a 
few weeks before the body can compensate. 
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Potassium – Elevated (functional hyperkalemia)
Cause Reason Additional Inquiry

Renal failure The kidneys are the primary route of elimination thus, if 
they are not functioning properly, serum potassium 
levels will rise.

Evaluate other kidney-related marker including 
BUN, creatinine and a urinalysis.

Hypoaldosterone Aldosterone produced by the adrenal glands will 
excrete sodium and reabsorb potassium.  Thus if 
aldosterone is low, sodium will be excreted and 
potassium will remain in the body.

Consider evaluating adrenal hormone.  

Functional acidosis As the pH of the blood decreases (becomes more 
acidic), hydrogen ions will enter into cells and be 
exchanged with potassium ions, which will then 
increase in plasma.

Evaluate CO2 levels.  

Hemolysis Since potassium is found inside cells, if there is 
excessive cellular breakdown (Eg red blood cells), 
potassium will ‘spill out’ causing increases in plasma 
potassium.

Evaluate CBC panel for possible hemolytic 
tendencies.

Low Insulin or possibly 
insulin resistance

Insulin helps transport potassium into cells.  Thus if insulin 
is low, potassium may remain elevated in serum.

Evaluate c-peptide.

Hypergylcemia Acute hyperglycemia can increase osmolarity of 
extracellular fluid and promote potassium to leave 
cells, thus increasing serum levels.

Evaluate glucose markers.

Exercise Potassium is released from exercising muscles, though 
once exercise has ended, potassium often quickly 
returns to normal. 365



Functional Acidosis
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Hemolytic causes
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Low Insulin
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Potassium – Functional Hypokalemia

* Functional hypokalemia exists with shifting 
potassium into cells, loss (eg GI tract), excess 
kidney excretion, or reduced intake.
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Potassium – Functional Hypokalemia
Cause Reason

Poor potassium 
intake

Evaluate diet history.

Alkalosis When serum pH increases (more alkaline), 
hydrogen ions are released from cells into 
the blood stream in an attempt to acidify 
it, and potassium enters into cells to 
replace the hydrogen ions.

Evaluate CO2 levels and urine pH.

Hyperaldosterone Excess aldosterone produced by the 
adrenal glands will excrete sodium and 
reabsorb potassium.  Thus if aldosterone is 
elevated, sodium will be retained and 
potassium will be excreted.

Consider evaluating adrenal 
hormones.

Excessive fluid loss Diarrhea and/or excessive perspiration 
can decrease potassium levels.  

Client history. 

Elevated insulin Insulin helps transport potassium across 
cell membrane. Thus if elevated could 
lead to decreases in serum potassium.**

Evaluate c-peptide and other 
glucose markers.
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Potassium – Functional Hypokalemia
Low magnesium Intracellular magnesium is necessary for 

blocking potassium secretion into the 
urine in the kidney.  Thus low potassium 
will not be corrected until magnesium 
deficiency is corrected. 

Evaluate magnesium status.

Elevated estrogen One study suggested estrogen not only 
lowers potassium, but potentiates 
aldosterone, thus enhancing this effect.  
Progesterone had no influence on 
potassium.  Thus depending on when in a 
hormonal cycle a female is, as well as 
total circulating estrogen levels, may 
impact potassium levels.  

Evaluate estrogen markers, 
including T3 uptake.

Increased 
catecholamine

Beta-adrenergic activity enhances 
potassium’s entry into cells.  Thus stress 
causing increased catecholamine 
release may potentially decrease 
potassium levels.  This parallels the effect 
of other stress hormones cortisol and 
aldosterone.
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Low Magnesium
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Potassium
Interfering Factors

Elevated Decreased

Opening and closing fist 10 times with a 
tourniquet results in potassium increase by 
10-20%.  (Tourniquet should be released 
after needle has entered vein.)
Medications
- Potassium-sparing diuretics, NSAIDS

Excessive coagulation.  Platelets release 
potassium during coagulation.  (Rare.)
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Evaluating Sodium and Potassium
* Sodium and potassium on a blood chemistry
* High sodium, low potassium – possibly elevated aldosterone
* Low sodium, high potassium – possibly decreased aldosterone
* High sodium and potassium – aldosterone likely not involved; 

possibly dehydration
* Low sodium and potassium – aldosterone likely not involved; 

possibly loss of electrolytes (sweating, diarrhea)

High 
Aldosterone

Low 
Aldosterone

Dehydration Electrolyte 
Loss

Sodium ↑ ↓ ↑ ↓
Potassium ↓ ↑ ↑ ↓

374



Carbon Dioxide

* Serum carbon dioxide on a blood chemistry is not carbon 
dioxide the gas, but rather bicarbonate.  

* This test is a surrogate marker for carbon dioxide as a gas.  
(Arterial blood gasses measure the partial pressure of 
carbon dioxide, but are not routinely run outside of the 
clinical setting.) 
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Carbon Dioxide

* When carbon dioxide leaves cells as a byproduct of cellular 
respiration, when it enters blood it can quickly turn into 
hydrogen ions and thus significantly lower serum pH. This occurs 
via the carbonic anhydrase pathway, that states:  CO2 + H20 -> 
H2CO3 -> HCO3- + H+  When hydrogen ions enter the blood 
stream, they can combine with bicarbonate (HCO3) and be 
neutralized into CO2.  Due to the excess CO2, respiration would 
increase to remove the elevated levels of CO2.
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Carbon Dioxide

* When CO2 combines with water, hydrogen ions can be 
formed.  Therefore CO2 travels back to the lungs for 
exhalation as bicarbonate, hence the relationship 
between CO2 and bicarbonate, and the clinical utility of 
this marker.  And because of the chloride shift, 
bicarbonate and chloride levels are often inversely 
related.  
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Carbon Dioxide

* Generally speaking the lower the CO2 on a blood chemistry, the 
lower the pH of the blood (more acidic) and the higher the CO2, 
the higher the pH (more alkaline).  However this is not an accurate 
evaluation of pH. pH has more to do with the ratio of bicarbonate 
and the partial pressure of CO2 (PCO2) than it does with either 
individually.  Therefore with only one of the values, pH is merely a 
loose estimation.

* The kidneys are the primary organ regulating bicarbonate levels. 
They also excrete acids and for these two reasons, are a major 
regulators of acid-base balance in the body.
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Anthony Sebastian, Deborah E. Sellmeyer, et al. 2016. “Bicarbonate Concentration, Acid-Base 
Status, and Mortality in the Health, Aging, and Body Composition Study.” Clinical Journal of the 
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Carbon Dioxide

Traditional Reference range:
*20-32 mg/dL or 20-32 mmol/L

Optimal Reference Range:
*25-28 mg/dL or 25-28 mmol/L

387



Carbon Dioxide - Elevated

Elevated – Functionally elevated CO2 levels on a blood 
chemistry generally suggests excess alkalinity, though 
compensated chronic respiratory acidosis can also 
elevate CO2 levels.  The latter is often caused by chronic 
hypoventilation, poor gas exchange across the lungs, low 
potassium or low phosphorus.
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Carbon Dioxide - Elevated
Cause Reason Additional Inquiry

Acute vomiting Loss of hydrogen ions in the form of 
hydrochloric acid, causes a relative 
alkalosis and thus elevated CO2 
levels.

Client history.

Functional 
metabolic alkalosis

Causes can include vomiting, low 
potassium (excess renal ammonia 
excretion), hyperadrenal function 
(elevated aldosterone leads to loss of 
potassium and hydrogen ions in 
urine), or certain medications.

Further evaluate potassium, 
sodium, etc.    

Chronic respiratory 
acidosis 
(hypoventilation)

If there is impaired gas exchange in 
the lungs (eg asthma, emphysema) 
CO2 (gas) will tend to build up in the 
blood stream causing excess 
hydrogen ion formation and an 
increase in bicarbonate to 
compensate.

Evaluate respiration rate.  If low 
(below 13 breaths per minute), 
this may be the cause of 
elevated CO2 on a blood 
chemistry.
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Carbon Dioxide – Decreased

Decreased – Functionally decreased CO2 levels on a 
blood chemistry generally suggests excess acidity, though 
compensated chronic respiratory alkalosis can also 
decrease CO2 levels.  The latter is often caused by chronic 
hyperventilation.
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Carbon Dioxide – Decreased
Cause Reason

Metabolic 
acidosis

Excess hydrogen ions from acids 
(ketones, lactic acid, organic acids) are 
combined with bicarbonate, thus 
lowering CO2 level on a blood 
chemistry.  Could also be a thiamin 
deficiency.
Hyperchloremia

Chronic 
respiratory 
alkalosis 
(hyperventilation)

Hyperventilation decreases CO2 (gas) 
levels, which lowers hydrogen ion 
content and thus increases the pH 
(alkalosis).  Due to the alkaline state, 
bicarbonate is excreted by the kidneys, 
leading to low CO2 on a blood 
chemistry.

Evaluate respiration rate.  A 
respiratory rate above 18 breaths 
per minute may be contributing to 
low CO2 levels on a blood 
chemistry.
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Greater dietary acid has been associated with lower serum bicarbonate levels in 
patients with CKD. Whether this association extends to the general population 
and if it is modified by age are unknown.

Participants in the highest quartile of net endogenous acid production had 0.40 
mEq/L lower serum bicarbonate and a 33% higher likelihood of acidosis 
compared with those participants in the lowest quartile. 

Greater dietary acid is associated with lower serum bicarbonate in the general US 
population, and the magnitude of this association is greater among middle-aged 
and elderly persons than younger adults.

NEAP (mEq/d)=[54.5×protein (g/d)/potassium (mEq/d)]−10.2
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Chloride

* Chloride generally moves past cell membranes to counteract 
the negative charge of bicarbonate.  

* Specifically, during cellular respiration, as CO2 and hydrogen 
ions (H+) increase, bicarbonate (HCO3-) enters the cell to act 
as a buffer.  As bicarbonate enters, chloride leaves (eg chloride 
shift) to maintain electrical neutrality across cell membranes.

* Shifts in chloride on a blood chemistry do not necessarily reflect 
total body levels, but rather compensatory mechanisms for 
other physiological events, such as acid-base disturbances. 
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Chloride

* Chloride has a number of important roles in addition to being an 
electrolyte.  

* As previously mentioned, chloride is secreted with protons from 
parietal cells to make hydrochloric acid in the stomach.  
Phagocytic white blood cells use chloride to help neutralize foreign 
substances (eg hypochloric acid).  

* Chloride also plays an important role in maintaining cellular 
equilibrium in respiration by exchanging with bicarbonate across 
cell membranes (eg chloride shift and reverse chloride shift).  
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Chloride

* A few studies have implicated serum chloride levels as a 
predictive indicator of mortality from cardiovascular 
disease and other causes.  One study demonstrated an 
increased risk ratio for cardiovascular death with serum 
chloride levels below 100 mmol/L.
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Chloride

Traditional Reference range:
*96-109 mg/dL or 96-109 mmol/L 

Optimal Reference Range:
*102-105 mg/dL or 102-105 mmol/L
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Chloride - Elevated

* Elevated – Functional hyperchloremia is often associated 
with acidosis and, in conjunction with a normal anion 
gap is called hyperchloremic acidosis (rare). 
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Chloride - Elevated
Cause Reason Additional Inquiry

Kidney dysfunction Inability to secrete hydrogen ions or reabsorb 
bicarbonate.  Either way, the net result is 
excess acidity.

Evaluate kidney markers.

Diarrhea Excessive loss of bicarbonate from plasma 
tends to draw chloride out of cells to replace 
the loss of negatively charged ions in the 
plasma and thus elevated chloride.  

Evaluate CO2.  

Dehydration Similar to other electrolytes, if plasma volume 
has decreased, hemoconcentration may 
make it appear chloride is elevated.

Evaluate other dehydration markers.

Hyperparathyroidism Associated with kidney dysfunction and 
increased renal tubular acidosis, a cause of 
high chloride.

Evaluate calcium. If low, consider 
running PTH.

Hyperventilation Rapid breathing can cause a shift in pH and 
thus chloride levels.  However this tendency is 
often compensated and may have minimal 
effects on serum chloride levels.

Evaluate respiration rate.
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Chloride - Decreased

* Decreased – Functional hypochloremia is often 
associated with an increase of bicarbonate levels and 
thus an overly alkaline state.  
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Chloride - Decreased
Cause Reason Additional Inquiry

Severe vomiting Loss of hydrochloric acid (hydrogen and 
chloride) can lead to low chloride levels.

Client history.

Chronic respiratory
acidosis 
(hypoventilation)

Bicarbonate will be elevated in an attempt to 
compensate for low pH. Chloride will be lost 
by the kidneys while increasing bicarbonate 
levels.

Evaluate respiration rate.

Metabolic alkalosis Bicarbonate and chloride are the only two 
anions in blood and thus when one goes up (eg
bicarbonate) the other will go down (eg
chloride).  Thus in metabolic alkalosis, low 
chloride levels are observed.

Adrenal insufficiency Aldosterone reabsorbs sodium and chloride 
ions.  Thus if aldosterone is low, chloride will 
like be decreased.

Evaluate adrenal function.
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Anion Gap

* Acidosis is when the pH of the blood drops below 7.35 and 
alkalosis is when pH increases above 7.45.  

* pH is often calculated using the Henderson-Hasselbach
equation, which requires the partial pressure of carbon dioxide 
(gas).  

* Once pH is determined and either acidosis or alkalosis is 
identified, determining why there is an acid-base disturbance is 
necessary, and the anion gap can help accomplish this.
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Anion Gap

* The anion gap is calculated using the following equation:
(Na+) − ([Cl−] + [HCO3

−])

* The anion gap can either be elevated, normal, or low, all with 
acidosis present.  Again, the purpose of the anion gap is to help 
determine the cause of acidosis.

Optimal range
* 7-12 mmol/L
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Anion Gap – Elevated with acidosis

* Elevated anion gap with acidosis is often caused by elevated acids 
such as ketones or lactic acid and is characterized by the loss of 
bicarbonate to help buffer the unmeasured anions (eg ketones, 
lactic acid). It can also be caused by kidney dysfunction (Eg renal 
tubular acidosis) where acids are not being excreted and 
bicarbonate is not being reabsorbed. Nutritional reasons for excess 
lactic acid production include thiamin deficiency, biotin deficiency, 
or anemic tendencies.  An increase in the anion gap can also result 
from either a decrease in unmeasured cations (eg, hypokalemia, 
hypocalcemia, hypomagnesemia) or an increase in unmeasured 
anions (eg, hyperphosphatemia, high albumin levels).
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Anion Gap – Normal with acidosis

* Normal anion gap with acidosis is sometimes referred to as 
hyperchloremic acidosis and is characterized by a relative loss 
of bicarbonate from the body and a subsequent increase in 
chloride anions to replace it.  Possible causes of this pattern 
include gastrointestinal loss (Eg diarrhea), kidney dysfunction, 
hypoadrenal function (eg low aldosterone), and possibly zinc 
deficiency.
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Anion Gap - Decreased

* Low anion gap is most often caused by low albumin levels, as 
albumin is a negatively charged protein.  If albumin levels are below 
4.0 it is suggested to use the adjusted anion gap calculation:

adjusted anion gap = 
observed anion gap + 0.25 x ([4.5]-[observed albumin])

* A decrease in the anion gap can also result from either a increase 
in unmeasured cations (eg, hyperkalemia, hypercalcemia, 
hypermagnesemia) or an decrease in unmeasured anions (eg, 
hypophosphatemia, low albumin levels).
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“Lower bicarbonate and higher anion gap are independently 
associated with insulin resistance.”



Osmolarity

* Osmolarity refers to the concentration of given solutes (Eg
electrolytes, proteins, glucose, urea) dissolved in an aqueous 
solution, such as the blood or plasma. 

* Serum osmolarity can therefore help determine the relative 
concentration or dilution of the blood. 

* The osmolarity of blood can be measured directly, or can be 
calculated using other markers found on a blood chemistry.
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Osmolarity

* Of the many different calculations for osmolarity, these three have 
provided the most accurate results when compared to actual 
osmolarity of the blood:
* 2 x Na + .9 x glucose + .93 x .5 x urea + 8
* 1.897 x Na + glucose + urea x .5 + 13.5
* 1.9 x (Na + K) + glucose + urea x .5 +5

* While any of these calculation will likely prove helpful in estimating 
one’s serum osmolarity, one could also consider using all three 
calculations and determining the mean osmolarity of the three.
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Osmolarity

* Elevated osmolarity indicates relatively concentrated 
blood and can therefore be an indication of 
dehydration. 

* This is important because blood is considered to be an 
extra cellular fluid and, because the body tends to 
balance the osmolarity of fluid inside and outside of cells, 
can be an indication of cellular hydration as well.  
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Osmolarity

* For example if serum osmolarity is elevated (eg
concentrated), water will tend to be pulled out of cells in 
an attempt to dilute it causing cellular dehydration and 
thus cellular dysfunction. 

* On the other hand, low serum osmolarity will tend to drive 
water into cells in an attempt to concentrate the blood, 
leading to cellular swelling, which also causes cellular 
dysfunction
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Osmolarity

Traditional Reference range:
*285-295 mOsm/kg

Optimal Reference Range:
*288-292 mOsm/kg
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Osmolarity - Elevated

* Elevated – Elevated serum osmolarity indicates overly 
concentrated blood, of which a primary cause is low plasma 
water, or dehydration. 

Cause Reason Additional Inquiry
Dehydration Poor water intake Client history.

Elevated urea High protein intake. Client history.

Elevated glucose Poorly managed blood sugar. Evaluate blood sugar markers.

Kidney dysfunction Inability to filter and excrete urea 
causes urea to remain elevated in 
plasma and increase osmolarity.

Evaluate kidney markers.
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Osmolarity - Decreased

* Decreased – Low serum osmolarity indicates overly dilute blood.

Cause Reason
Overhydration Excess, rapid water consumption can 

cause this, though likely rare.
Client history.

Excess ADH 
production

Anti-diuretic hormone, produced from 
the posterior pituitary, signals the 
kidneys to retain water without 
reabsorbing electrolytes, with the net 
effect being lowering serum osmolarity.  

Decreased 
sodium

Most often caused by diuretics or other 
medications, increasing sodium 
excretion by the kidneys.  
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Magnesium
* Magnesium is involved with the 

activation of over 300 enzymes in 
the body, thus giving it profound 
biochemical importance. 

* One particular role of 
magnesium is complexing with 
ATP, allowing ATP  to be used for 
energy production.  It is the fourth 
most abundant cation in the 
body, but intracelluarly is second 
only to potassium.  
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Magnesium

* Regulation of magnesium includes a number hormones.  
* Parathyroid hormone increases magnesium reabsorption 

in the kidneys as well as increases magnesium absorption 
in the intestines.  

* Vitamin D on the other hand decreases magnesium 
absorption in the intestines. 
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Magnesium

* Magnesium has interrelationship with many other nutrients.  
* For example both high magnesium and calcium inhibit parathyroid 

hormone release, but magnesium is also required for parathyroid 
hormone release.  

* Magnesium is also needed for proper use of parathyroid hormone 
on target cells.  Magnesium has also been called ‘natures calcium 
channel blocker’ and can influence calcium’s transport across cell 
membranes.  

* Magnesium is required for hydroxylation of vitamin D in the liver.  
* Magnesium can inhibit phosphorus absorption in the intestine, and 

also has a relationship with potassium efflux across cell walls, 
causing hypokalemia. 419



Magnesium

* Recent studies have shown an inverse relationship between 
magnesium, atherosclerosis, and cardiovascular mortality, showing 
the lower ones serum magnesium levels, the greater the risk of 
cardiovascular mortality.  

* Low magnesium levels have also been shown to decrease 
pancreatic exocrine function, which may cause decrease in 
digestive enzyme production and secretion.  

* Magnesium deficiency is associated with the increased production 
of ROS and the induction of immune and inflammatory reactions.
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Magnesium

* Serum magnesium levels are decreased in low protein diets, 
elevated estrogen levels, diabetes, and selenium, vitamin D 
and vitamin B6 deficiencies.  

* It must be noted that because magnesium is largely an 
intracellular cation, low serum magnesium levels are suggested 
to indicate a fairly significant magnesium deficiency and, just 
because serum magnesium levels are normal, does not mean 
intracellular levels are sufficient.
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Magnesium below 2.05 mg/dL detected PEI with a sensitivity, specificity and 
positive and negative predictive values of 0.88 (95% confidence interval, 
0.66e0.97), 0.66 (0.48e0.80), 0.58 (0.39e0.75) and 0.91 (0.73e0.98), 
respectively. 

Conclusion: Serum nutritional markers can be used to predict the probability 
of PEI in CP and provide guidance in decisions on enzyme replacement 
therapy.
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Magnesium – Serum (Not RBC)

Traditional Reference range:
*1.6 – 2.6 mg/dL or .65 - 1.07 mmol/L

Optimal Reference Range:
*2.0 – 2.3 mg/dL or .86-.95 mmol/L

424



Magnesium - Elevated
* Elevated – Hypermagnesemia is relatively rare and is most common 

with kidney dysfunction
Cause Reason Additional Inquiry

Hemolysis Because magnesium is an intracellular 
ion, if red blood cells rupture 
prematurely, magnesium will increase 
in the blood.

Evaluate potassium and CBC 
markers.

Kidney dysfunction Poor filtration by the kidneys will 
increase plasma magnesium levels.

Evaluate kidney markers.

Hyperparathyroidism PTH increases magnesium absorption in 
the intestines leading to elevated 
magnesium levels.

Evaluate calcium.

Adrenal insufficiency Poor magnesium clearance from the 
kidneys.

Evaluate sodium and potassium.

Dehydration Hemoconcentration. Evaluate other dehydration markers.

Hypothyroidism Unknown mechanism Evaluate thyroid markers.
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Magnesium - Decreased
Cause Reason

Poor intake Diet journal

Poor absorption Magnesium absorption can be 
inhibited by phytates, oxalates, 
calcium, phosphorus, or free fatty acids 
in the intestines.  

Diet journal.

Alcoholism Alcohol stimulates magnesium 
excretion from the kidneys.

Client history.

Diarrhea Excessive loss, including loss of other 
fluids.

Client history.

Diabetes Excessive loss via the kidneys.

Hypercaclemia Excess magnesium loss from kidneys. Evaluate calcium levels.

Hyperadrenal
function

Two mechanisms. One, magnesium inhibits 
aldosterone production. Thus if magnesium is 
low, aldosterone may be elevated. Two, 
aldosterone causes magnesium loss. 

Evaluate adrenal markers.
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Calcium

* Calcium, most well-known for its role in bone and teeth, has a 
number of other important physiological roles in the body 
including clotting, neurotransmitter release, muscle contraction, 
enzyme activity and membrane permeability.  

* Bones and teeth contain up to 99% of the body’s totally 
calcium, which constitutes roughly 1-2% of the total weight of 
the body.  
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Calcium

* Because of these many important roles, calcium is the 
most tightly regulated ion in blood.  

* In blood, approximately half of the calcium is in it ionized 
(free) form, while the other half is found bound to 
proteins, such as albumin. 

* On a blood chemistry, unless it states otherwise (Eg
ionized or free), the calcium listed is bound calcium.
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Calcium

* Because serum calcium on a blood chemistry is bound, if 
albumin levels are decreased, so too will serum calcium 
levels.  Thus, the following formula is used to correct total 
serum calcium levels whenever albumin is low:

Corrected calcium = 
([4.5 – observed albumin) X 0.8 mg/dL) + observed calcium
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Calcium

* Another role of calcium is in the calcification of tissues, such as in 
atherosclerosis, and generally seems to occur after tissue damage 
or injury.  

* This not necessarily due to dietary calcium but rather the availability 
and distribution of calcium in the body, and its affinity to bind to 
proteins.  

* There are a number of important interactions with hormone and 
other nutrients that dictate how calcium is used in the body, 
including parathyroid hormone, calcitonin, vitamin D, vitamin K, 
magnesium, phosphorus, and more.  

* It is because of these relationships with other nutrients, and what 
seems to be widespread deficiency in some of these nutrients, that 
excess tissue calcification may occur.430



Calcium Regulation

* Parathyroid hormone, released by the parathyroid glands, is 
released when calcium levels become low.  

* PTH stimulates:
* calcium reabsorption from bone, 
* increased calcium absorption from the intestines, and 
* decreased calcium excretion from the kidneys. 

* PTH also increases phosphorus reabsorption from bone, but 
simultaneously increases phosphorus excretion from the kidneys.  

* PTH also increases production of active vitamin D from the kidneys, 
which increases calcium absorption from the intestines.  
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Calcium

Traditional Reference range:
*8.5-10.6 mg/dL

Optimal Reference Range:
*9.4 – 9.8 mg/dL or 2.35-2.45 mmol/L
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Calcium - Elevated
Cause Reason Additional Inquiry

Alkalosis Increases binding of calcium to proteins 
and thus will increase calcium levels on a 
blood chemistry.  Due to this binding 
however, patients will experience 
symptoms of hypocalcemia.

Evaluate CO2 for 
evidence of alkalosis.

Kidney dysfunction Poor filtration by the kidneys will increase 
plasma calcium levels.

Evaluate kidney markers.

Hyperparathyroidism PTH increases magnesium absorption in 
the intestines leading to elevated 
magnesium levels.

Evaluate calcium.

Metastasis (cancer) Some cancers will increase calcium, 
though this will likely be very elevated 
levels.

Correlate with elevated 
platelets and possibly 
alkaline phosphatase. 

Excess Vitamin D 
intake

High vitamin D levels increase calcium 
absorption in the intestines and decrease 
excretion in the kidneys.

Client history. Evaluate 
vitamin D levels. 

Adrenal insufficiency Mechanism unclear. Evaluate adrenal markers.

Excess vitamin A 
intake

Increase calcium reabsorption from bone. Client history.
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Calcium - Decreased
Cause Reason

Poor intake and/or 
absorption

Fiber, phytates, oxalates, excessive 
zinc and magnesium, and unabsorbed 
fatty acids can negatively impact 
calcium absorption in the intestines.

Diet journal.

Hypoparathyroidism When calcium levels drop, PTH should 
increase to raise calcium levels.  If PTH 
is low, calcium will remain low.

Run PTH.

Vitamin D 
deficiency

Vitamin D increases calcium 
absorption in the intestines.  Thus if 
vitamin D is low, calcium may be low 
as well.

Evaluate vitamin D levels.

Magnesium 
deficiency

Magnesium is required for PTH synthesis 
and release.  Thus if magnesium is low, 
calcium may be low due to lowered 
PTH.

Evaluate magnesium levels.

Kidney dysfunction
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Phosphorus

* Phosphorus is an important mineral for life in that it is a major 
component of the phospholipid membrane surrounding all cells of 
the body, is involved in RNA and DNA synthesis and coding, is part 
of Adenosine Triphosphate (ATP) and activates enzymes.  

* Phosphorus is also the primary intracellular buffer to help maintain 
acid-base balance. 

* Extracellularly, phosphate is also important for the mineralization of 
bone.  

* Among the inorganic elements, phosphorus is second only to 
calcium in abundance in the body. 
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Among 155 974 individuals, 4.1% had moderate anemia and 12.9% had mild 
anemia. Serum phosphorus levels ≥3.5 mg/dL were associated with both mild and 
moderate anemia. Moderate anemia OR (95% confidence interval) was 1.16 
(1.04-1.29) for every 0.5 mg/dL phosphorus increase and 1.26 (1.07-1.48) in the 
highest versus middle phosphorus tertile. 

The population-based phosphorus tertiles ranged as follows: 1.5–3.1 mg/dL (Q1), 
3.2–3.6 mg/dL (Q2) and 3.7–6.2 mg/dL
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Phosphorus

* Most phosphorus exists as phosphate in the body and is 
organically bound, but circulating inorganic phosphate is the 
form measured by a blood chemistry. 

Traditional Reference range:
* 2.5 – 4.5 mg/dL

Optimal Reference Range:
* 3.1 – 3.5 mg/dL
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Phosphorus - Elevated
Elevated – Functional hyperphosphatemia is due to either 
excessive phosphate intake, decreased phosphate excretion, or 
phosphate shift from intracellular to extracellular fluid.    

Cause Reason Additional Inquiry
Vitamin D toxicity Excess vitamin D increases 

phosphorus absorption from the 
intestines and increases phosphorus 
reabsorption in the kidneys. 

Client history, vitamin D levels.

Hypoparathyroidis
m

PTH increases phosphorus excretion 
via the kidneys thus, low PTH 
encourages phosphorus reabsorption 
by the kidneys, thus increasing levels 
in the blood.

Evaluate calcium, PTH.

Kidney dysfunction Poor phosphate filtering leads to 
increased levels in the blood.

Evaluate kidney markers.
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Phosphorus - Decreased
Cause Reason

Poor absorption Phosphorus absorption can be 
inhibited by phytates, or excessive 
levels of magnesium, calcium, and 
aluminum.

Client history.

Vitamin D 
deficiency

Vitamin D stimulates phosphorus 
absoroption from the intestines.

Evaluate vitamin D levels.

Increased 
insulin/high carb 
diet

Increased requirement for phosphorus 
intracellularly

Diarrhea Loss of phosphate.
Poor protein 
digestion

Protein is a rich source of phosphorus 
of which 30-70% is absorbed.  If an 
individual is consuming protein and 
phosphorus is low, it could be due to 
low hydrochloric acid and/or protein 
digestion and absorption.  
Additionally, hydrochloric acid 
requires hydrogen, chloride, and zinc.450
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