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* Biogenetix products are not intended to diagnose, freat, reverse,
cure, or prevent any disease. They are infended fo be used as
dietary supplements for the sole purpose of supporting patients. The
following stafements 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.
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12% of U.S. adults
had five or more
chronic conditions
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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

Total expenditures because of rounding.

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 mMuch as someone
without any chronic
condition at all.

AVERAGE ANNUAL SPENDING PER PERSON IN DOLLARS
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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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Average utilization is presented; not
everyone uses a particular service in
a given year, especially inpatient stays
and ED visits.



Figure A1. Prevalence of Multiple Chronic Conditions (2003-2014)
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Chronic Conditions and Lifespan

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

Q O

Med Care. 2014 Aug:52(8):688-24. doi: 10.1097/MLR.00000000000001646.
Multiple chronic conditions and life expectancy: a life table analysis.
DuGoff EH1, Canudas-Romo V, Buttorff C, Leff B, Anderson GF.
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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.htmle__twitter_impression=true



People are not commodities...
unless THEY CHOOSE TO BE.

How do you fransition them?



re-spon-si-bil-i-ty
/ro spanse biledé/ )

the state or fact of having a duty to deal with something or of having control over someone.
synonyms: authority, control, power, leadership
"a job with greater responsibility"

 the state or fact of being accountable or to blame for something.
"the group has claimed responsibility for a string of murders"
synonyms: blame, fault, guilt, culpability, liability
"they denied responsibility for the bomb attack"

« the opportunity or ability to act independently and make decisions without authorization.
"we would expect individuals lower down the organization to take on more responsibility"



Work the Responsibility Machine

Way
forward.
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Functional Medicine Diagnostic Workup
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Way
forward.

= Progress.
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Optimal Range

A tighter set of ranges designed to Sodium
help:
ldentify underlying

pohysiological issues that can Laboratory ref range:

help explain symptoms 135 - 145 mmol/L
Evaluate health rather than Opftimal ref range:
disease 139 — 142 mmol/L

Catch potentially more serious
disease processes earlier



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

Reference ranges may change
4. At £28D 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)

0
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Sensitivity and Specificity
\
Sensitivity —

- Abllity of a test fo detect a positive test in every patient with a
given disease

- A test with 100% sensitivity will be positive in every patient with @
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%)



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 @
given disease (only found in people with the disease)

- A test with 90% specificity may be positive in 10% of the people
that do nof have the disease

- The lower the specificity, the higher the chance for false
positives



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 (0% specificity)

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




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

* Alfitude

* Age, race, gender

* Fasting (or starving?)

* Medications

* Nutritional supplements
* Exercise

* Diet



Medicine’s Own Rules:
R

* 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




Current Findings :

1) Neutrophils, High

HEIRARCHICAL

Abscess pathophysiology

Abscess, lesser sac  (567.2)

Bacterial infection (041.9 unspecified)
Epidural abscess (324.9)
Malignancy/cancer

Muscle abscess (728.89 unspecified)
Neoplasms/tumors

Periorbital cellulitis  (376.01)

Right sided diverticulifis  (562.00 unspecified)
Thigh cellulitis  (682.6)

DRUGS

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

TRAUMA

1

Multiple tfrauma  (959.8)

POISON AGENT SPECIFIC

1
1
1

Black widow spider bite (989.5 - E906.4)
Iron infoxication, acute  (964.0)

Snakebite (rattlesnake/pit viper type) (989.5 - E206.2)

ELECTROMAGNETIC PHYSICS TRAUMA

1
1

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

INFECTIOUS AGENT SPECIFIC

Amebiasis  (006.9)

Bacterial fracheitis  (464.10)

Eosinophilic meningoencephalitis  (323.9)
Erysipelas (035)

Glanders (malleomyces mallei) (024)

Glanders abscess  (024)

Lassa fever (078.89)

Legionaire's disease  (482.84)

Leptospiral disease (100.9 leptospirosis, unspecified)
Leptospiral meningitis  (100.81)
Leptospirosis/severe (Weils) type (100.0)
Meningococcemia/meningococcus  (036.2 - 036.9)
Metastatic staphylococcus abscess synd  (682.9)
Myocarditis, bacterial (422.92)

Primary bacterial peritonitis/ascites  (567.2 - 789.5)
Rat bite fever, spirillary  (026.0)

Respiratory syncytial virus infection (079.6)
Staphylococcus aureus infection  (041.11)
Streptococcal pharyngitis, beta type A (034.0)
Tetanus

Trichinosis  (124)

Tularemia (021.9)

INFECTED ORGAN ABSCESS

Abscess Bartholin gland cyst  (616.2)
Abscess, abdominal, visceral (567.2)
Abscess, cervical gland  (682.1)

Abscess, dentoalveolar (522.5)

Abscess, gallbladder/pericholecystic  (575.0)

Abscess, infracranial  (324.0)

Abscess, infraperitoneal, RL quadrant  (567.2)
Abscess, ischiorectal (566)

Abscess, liver (572.0)

Abscess, myocardium (422.92)

Abscess, parapharyngeal (478.29)

Abscess, paraspinal  (324.1)

Abscess, perianal/pararectal  (566)

Abscess, periapical (522.5)

Abscess, renal  (590.2)

Abscess, refroperitoneal  (567.2)

Abscess, refropharyngeal (478.24)

Abscess, subarachnoid (324.9)

Abscess, subcutaneous (682.9 unspecified)
Abscess, submammary (611.0)

Abscess, submastoid/Bezold's abscess (383.01)
Abscess, subphrenic  (998.59)

Anterior fibial compartment/fasciitis  (729.4 unspecified)

Appendicitis  (541)

Appendix abscess (540.1)

Areolar abscess/nipple (661.0)

Arthritis  (716.90)

Bacterial endocarditis/acute  (421.0)
Brain abscess (324.0)

Breast abscess (611.0)

Brodie's abscess (730.1)

Cellulitis  (682.9)

Cellulitis, chronic pelvic (614.4)

Cellulitis, dissecting, of scalp (704.8)
Cellulitis, pelvic, acute (614.3)

Cellulitis, periurethral, male  (597.0)
Cellulitis/lower extremities (682.6 - 682.7)
Cellulitis/pinna (380.10)

Cerebral abscess/congen. cardiac anomly (324.0)
Cervical adenitis/abscess  (289.5 - 289.0)
Cholangitis, ascending (576.1)
Cholecystitis without gallstones  (575.0)
Cholecystitis, acute (575.0)
Diverticulitis/phlegmon/abscess  (562.11 - 682.9)
Emphysematous cholecystitis  (575.0)
Endocarditis, infective (421.0)
Endometritis, acute (615.0)

Gingiva, abscess  (523.3)

Hepatic abscess, pyogenic (572.0)
Intraperitoneal abscess  (567.2 - 567.0)
Lacrimal gland infection/abscess  (375.03)
Lung abscess (513.0)

Mastoiditis, zygomatic  (383.9 unspecified)
Meckel's acute diverticulitis  (751.0)
Mediastinal abscess (513.1)

Nasal septum abscess/hematoma (920)
Omentum abscess (567.2)
Osteomyelitis  (730.2)

Osteomyelitis, vertebral (730.28)
Ovarian abscess/Tubo-ovarian abscess  (614.2)
Pancreas abscess (577.0)

Pelvic abscess (614.4)

Pelvic inflammatory disease (614.9)
Penis cellulitis  (607.2)

Perinephric abscess (590.2)

Peritonitis, acute (567.9)

Peritonsillar abscess  (475)

Periurethral abscess  (597.0)

Prostate abscess (601.2 - 098.12)
Prostatitis, acute  (601.0)

Psoas abscess (728.89)

Puerperal pelvic cellulitis/sepsis  (670.00)
Pyopneumothorax (510.9 - 510.0)
Scrotum abscess (608.4)

Septicemia (038.9)

Sialadenitis  (527.2)

Spinal epidural abscess  (324.1)

Splenic abscess (289.59)

Stomach abscess (535.0)

Subhepatic/gallbladder bed abscess  (575.0)
Submaxillary gland infection/abscess  (527.3)
Suppurative lymphangitis  (682.9)

Testis, abscess  (604.0)

Tibia osteomyelitis (015.7)

Tonsil, abscess  (475)

Vitreous, abscess (360.04)

GRANULOMATOUS INFLAMMATORY

1 Pancreatitis, acute (577.0)

METABOLIC STORAGE DISORDER

1 Diabetic ketoacidosis/coma  (250.3)

ALLERGIC COLLAGEN AUTO-IMMUNE

Anaphylaxis, generalized (995.0)
Dressler's syndrome  (411.0)
Hypersensitivity pneumonitis  (495.9)
Nephrotic syndrome  (581.9)
Polyarteritis nodosa  (446.0)
Purpura fulminans  (286.6)

Reiter's syndrome  (099.3)
Rheumatic fever (390)

Serum sickness  (999.5 unspecified)
Temporal/cranial arteritis  (446.5)
Thrombotic thrombocytopenic purpura (287.3)
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 cellanemia (282.40)
1 Sickle cell crisis  (282.62)

RELATIONAL PSYCHIATRIC

1 Stress/Emotional/Physical (308.0)

STRUCTURAL ANATOMIC FOREIGN BODY

Choledocholithiasis  (574.50)
Gastroduodenal perforation  (533.90 - 533.91)
Pulmonary embolism (415.11)
Thrombophlebitis, peripheral  (451.2)
Thrombosis, arterial  (444)

ARTERIOSCLEROTIC VASCULAR

Cerebral hemorrhage  (431)
Gangrene, ischemic (785.4 - 440.24)
Infarction, bowel (557.0)

Myocardial infarction, acute  (410.90)
Pulmonary infarction (415.10)

FUNCTIONAL PHYSIOLOGIC

1 Exercise/Aerobic exercise (V57.0)

VEGETATIVE AUTONOMIC

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

REFERENCE TO ORGAN SYSTEM

Acute gastric acid/aspiration syndrome  (536.0 - 535.40)

1
1
1

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

NEOPLASTIC

Adenocarcinoma, pancreatic (157.9)

Carcinoma, bronchogenic (162.9 primary - 212.3 benign)
Carcinoma, hepatocellular (155.0)

Hodgkins disease  (201.90)

Metastatic malignancy (cancer)

Myelogenous leukemia, chronic  (205.1)
Myelogenous/Blastic Leukemia, Acute (205.00)
Myeloproliferative disease (238.7)

Polycythemia vera (238.4)



HEIRARCHICAL

Aflatoxicosis/Aflatoxin ingest/effect (989.7)
Heart disorders (427.9)

Liver disorders (573.9)

Muscle disorders (728.9)

Obstructive jaundice syndrome  (576.8)

DRUGS

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

TRAUMA

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

(958.5)

POISON AGENT SPECIFIC

Alcohol intoxication, acute (305.00)
Alcoholic liver disease (571.3 unspecified)
Alcoholism, chronic  (303.90 unspecified)
Drug abuse/recreational/substance abuse
Haff disease poisoning (985.1)

Halothane exposure liver disease (968.1)
Mushroom poisoning/all types (988.1)

(305.9)

POISONED ORGAN

Alcoholic fatty liver (571.0)

Cirrhosis, portal (Laennec's alcoholic)
Hepatitis, alcoholic  (571.1)

Hepatitis, toxic (573.3)

Neuroleptic malignant syndrome  (333.92)

(571.2)

ELECTROMAGNETIC PHYSICS TRAUMA

1 Hypothermia, accidental/exposure (991.6)

INFECTIOUS AGENT SPECIFIC

Alveolar hydatid disease
Amebic abscess, liver (006.3)
Anicteric viral hepatitis  (070.9)
Brucellosis  (023.9)

Chronic malaria (084.6)

1 (122.9)
1
1
1
1
1 Cirrhosis, syphilitic (Hepar lobatum)
1
1
1
1
1

(095.3)
(078.5)
(078.5)

Cytomegalic infection, disseminated
Cytomegalic mononucleosis syndrome
Delta agent hepatitis  (070.33)
Ehrlichiosis  (082.40)

Hepatic brucellosis  (023.9)

1
1
1

1 Hepatitis B vasculitis syndrome  (447.6 vasculitis - 070.30

Hepatic leptospirosis  (100.0)
Hepatitis A (070.1)
Hepatitis B (070.30)

Hep B)

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Hepatitis C virus (non-A, non-B)
Hepatitis E virus  (070.53)
Hepatitis G virus  (573.3 unspecified)
Hepatitis, amebic (006.3)

Hepatitis, cholestatic, viral type  (573.8)
Hepatitis, chronic active/HBV  (571.49)
Hepatitis, chronic C type (070.54)
Hepatitis, complicating (non-hep virus)
Hepatitis, mononucleosis (075)
Hepatitis, persistant, chronic  (571.41)
Hepatitis, toxoplasmosis  (130.5)
Hepatitis, viral  (070.9)
Hepatitis/chronic aggressive (571.49)
Infectious mononucleosis (075)
Kawasaki disease  (446.1)

Legionaire's disease (482.84)
Leptospiral disease (100.9 leptospirosis, unspecified)
Leptospirosis/severe (Weils) type (100.0)

Listeria hepatitis, newborn (774.4 - 027.0)
Perihepatitis, gonococcal (098.86)

Plasmodium falciparum malaria (084.0)

Q fever (083.0)
Reye's syndrome
Rubella (056.9)
Scrub typhus  (081.2)
Toxic shock syndrome
Typhoid fever (002.0)
Typhus, acute/epidemic

(070.51)

(573.3)

(331.81)

(040.89)

(080)

INFECTED ORGAN ABSCESS

1
1
1
1
1

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

Hepatitis, granulomatous (573.3 - 681.1 granuloma)

(575.0)

GRANULOMATOUS INFLAMMATORY

1
1

Pancreatitis, acute (577.0)
Sarcoidosis  (135)

METABOLIC STORAGE DISORDER

1
1
1
1
1
1

Cryoglobulinemia, idiopathic  (273.2 - 273.3)
Diabetic ketoacidosis/coma  (250.3)
Erythrohepatic protoporphyria (277.1)
Fructose intolerance, hereditary (271.2)
Hemochromatosis (275.0)

LCAT deficiency

271 Steatosis/Non-alcoholic fatty liver dis

1 Wilsons Disease (275.1)

ALLERGIC COLLAGEN AUTO-IMMUNE

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

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

(571.49)

CONGENITAL DEVELOPMENTAL

1 Cirrhosis  (571.5)

1 Cirrhosis, congenital/neonatal (777.8)

USE DEGENERATIVE NECROSIS AGE

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

(570)

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

Chronic liver disease  (571.9)

Cirrhosis, cardiac  (571.5)

Cirrhosis, postnecrotic (571.5)
Cryoimmunoglobulinemic syndrome  (289.9)
Fatty liver (571.8)

Fatty liver of pregnancy, acute
Fulminant hepatic failure (570)
HELLP syndrome of pregnancy (V22.1)
Hepatic encephalopathy (572.2)

Hepatic failure (572.8)

Hepatic function impairment (573.8)
Jaundice of pregnancy, recurrent (782.4)
Peliosis hepaticus (573.9)

Right congestive heart failure/chronic  (428.0)
(571.8)

1
1
1
1
1
1 (571.8)
1
1
1
1
1
1
1
1

NEOPLASTIC

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

(151.9)



Proteins
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* Total protein

* Albumin

* Globulin

* Albumin/Globulin ratio



Total Protein
\

* Total protein levels reflect the albumin and globulin content of blood.
* Therefore a shift in either albumin, globulin or both will alter total
protfein levels.

* Marker has limited clinical value as it is possible for albumin to drop,
globulin to elevate, leading to a normal total protein

* Albumin/Globulin ratio helps to compensate for this however

Traditional Reference Range:
% 60-85 g/dL

Optimal Reference Range
* 6.5-7.5 g/dL



Total Protein

-‘

Elevated by:
* Chronic liver disease, dehydration, immune system issues (increased

globulins)

Decreased by:
* Poor protein intake, digestion and absorption (lack of amino acids to

synthesize proteins)?
* Crohn's and ulcerative colitis
* Alcoholism and/or liver cirrhosis (poor liver function)

* Hypothyroidism



—

* Albumin, synthesized in the liver, is the most abundant plasma protein
in the serum.

* 60% of plasma protein is albumin

* Small protein that can be lost into extravascular spaces (eg kidney
dysfunction)

* It has two major functions

* Binding - free fafty acids, minerals (calcium, magnesium), some
hormones, medications, wastes, etc

* Osmotic gradient — primary contributor to the plasma osmotic gradient,
which helps keep fluid in the circulatory system

* Also acts as a buffer and has recently been found to have antioxidant
properties as well

* Life span of approximately 20 days




-‘

* Transcription of albumin gene is down-regulated by:
* Cytokines (TNF, interleukins, transforming growth factor)
* Vitamin (vitamin A, Bé)
* Colloid-osmotic pressure
* Amino acid deficiency



Albumin - Elevated

Cause Reason Additional Inquir

Dehydration Hemoconcentration. Albumin appears Evaluate other markers of
elevated but is relatively elevated due  dehydration.
to low plasma volume.
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Vitamin B, Suppresses Growth and Expressior
Gene in a Human Hepatoma Cell Line |

Ana Molina, Tatsuzo Oka, Saturnino M. Muiioz, Mika Chil
Masashi Kuwahata, and Yasuo Natori

Abstract: The effect of vitamin Bs on the growth of a human
hepatoma cell line HepG2 in culture was studied. The
nmmln of HepG) celb and pmmn symhub were almost
i d with 5 mM
pyrdnxlm Pyndoml was as e]cmw as pyridoxine, but
pyridoxamine showed no inhibitory action. The growth inhi-

recent study by Gridley
high dietary intake of vil
and enhances immune sta
indicate that supraphysiol
potential as an antineopl

bition of HepG2 cells by pyride was accompanied by a
marked inhibition of secretion of plasma proteins, particu-
larly albumin. Northern blot analysis of albumin mRNA
showed that pyridoxine caused a rapid decrease in the ex-
pression of albumin gene. The electron-microscopic exami-
nmaanpyndanbmtmldﬂe’cz cells revealed a smoathing
of , a de in the number of nucleoli,
and an appearance of aggregated heterochromatin struc-

tures. These morphological features are compatible with the
depressed transcriptional activity in the pyridoxine-treated
cells. The mechanism by which vitamin By exerts its inhibi-
tory effect was discussed in terms of our recent finding that
vitamin B, modulates expression of albumin gene by inacti-
vating tissue-specific DNA-binding proteins. Binding of
pyridoxal phosphate with tissue-specific transcription fac-
tors may reduce the capacity of these factors to interact with
the regulatory region of albumin gene, resulting in the inhi-
bition of the gene expression.

Introduction

Vitamin B, is an essential water-soluble vitamin required
for normal growth and development. The physiologically
active form of the vitamin, pyridoxal 5'-phosphate (PLP), is
derived from inactive dietary precursors and functions as a
cofactor in numerous enzyme reactions of amino acid metab-
olism (1).

Many earlier studies have shown that tumor growth is
inhibited in animals maintained on a vitamin B-deficient diet
(2-4). By contrast, recent studies by Disorbo and colleagues
(5-7) have demonstrated that high levels of pyridoxine or
pyridoxal may suppress growth or exhibit cytotoxicity against
animal or human cancer cells in vitro and in vivo. A more

hanism by which vit;
has remained unknown.
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tamin B, modulates expt
vating tissue-specific D
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All-trans retinoic acid down-regulates human albumin

through the induction of C/EBPS-LIP

Takahiro MASAKI* t1, Tomokazu MATSUURAS, Kiyoshi OHKAWA®, Tatsuo MIYAMURA®, Isao

and Tetsuro SUZUKI*'

“Dapariment of Virology |, National Institute of Infuctious Diseases, Tokyo 162-8540, Japan, tDepartiment of Biochemistry. The Jie
Japan, $Department of Community Health, Tokai University School of Medicme, Kanagass 259-1193, Japan, and §Department of Li

School of Medicme, Tokyo 105-8461, Jagan

ATRA (all-rrans retinoic acid), which is a major bioactive meta-
bolite of vitamin A and a potent regulator of development and
differentiation, mediates down-regulation of the human albumin
gene. Hi , the mechanism of ATRA-mediated down-regu-
lation is not well und d. In the p study, deletion ana-
IynnlndlulfcnnuuysdanmﬂnhclhﬂA’l'RAcnuscsl
mukoddeacmmdlelmvnyofhdbtnmwm the
region between nt —367 and — 167 from the
start site, where C/EBP (CCAAT/enhancer-binding protein )-bi
mgsncsnnghdy cked, is indi ble for ATRA-medi
lation. ChIP (ch in & assays
revealed that in vivo binding of C/EBPu to the regxcn uurkedly
decreucsqcon incubation with ATRA, whereas ATRA treatment
the i of C/EBPS. We found
that ATRA has the ability to differentially and directly induce
expression of a truncated isoform of C/EBPS, which is an

LIP (liver-enriched transcr
a transactivation domain,
of C/EBPS-LIP 10 its re
C/EBPE-LIP ncgatively n
of albumin, as well as t
induced by C/EBP transa
length C/EBPS. In concly
down-regulation of the alk
an increase in the translat
C/EBP transactivators by i
the albumin promoter.

Key words: all-trans reting
scription factor, CCAAT]
dominant-negative factor,
tional inhibitory protein (L

Serum albumin is the most abundant and characteristic protein
that is produced by the mature liver; albumin functions as a trans-
p:naofmiommlmmmdislwimcmgulmofmlloid
osmotic pressure [1]. Albumin is exclusively synthesized in the
liver, uppux.'.’(llmylnfpcrdny [2], leading to its hllgh steady-
state concentration in plasma (35-50 g/l in humans)

mpmeddmﬂ;edhnnmlevelmplnmuud:uusednlmndl
of reduced albumin synthesis in clinical disorders such as liver
discase [2], mfccuomdu:m ['H.Indcma.-r[‘] Scmmnlbumm

can be used as a reliable 1 or the progr and severity
of these di |56|'l‘ £ ilis,‘“dm“ i
ynthest is 'ymd‘* ically in a variety
of physi vqlnd hoph | conditions.

Albumin lynlhuts s r:gulucd nwnly at the transcriptional
level through ussuc-specific transcription factors such as HNF
(hepatocyte nuclear factor)-1 and C/EBP (CCAAT/enhancer-
binding protein) [7,8]. The transcription of the albumin gene
is down-regulated by a number of factors, including cytokines
[9-11], vitamins [12-14], colloid osmotic pressure [15,16] and
amino acid limitation [17]. ATRA (all-frans retinoic acid), a
major bioactive mcubolllc of vrumu: A, plays a cntu] role
m hepatocyte differents P and apop [18.19].
ATRA has been shown to down-regulate albumin gene
in rat hepatocytes [20] and human hepatoma cell lines |I2 13).

In animal experiments, it
scrum albumin concentrati
of ATRA 1o rodents [21]
fenretinide (4-hydroxypher
of ATRA that posesses mhi
malignant cells [22-24],
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In the present study, we
anism by which ATRA di
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albumin gence.
EXPERIMENTAL
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Abbrevations used: ATRA, ail-tmns retinoic acid. C/EBP, CCAAT/enhancer-binding protein, CEBPg-FL, C/
precipitaton; CUG-871, CUG tripletrepeat binding protein 1; DR, direct repeat. elf, eukaryotc ransiation initis

shift assay, HCC, hepatocelluar carcinoma; HNF, hepatocyle nuciear

nuclear factor, LAP, liver-erviched transcrip

transcriptional inhibitory protein; RARE, retinoic acid response alement, AT, reverse iranscriptase.
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Functional activity of hepatocyte nuclear factor-1 is specifically decreased
in amino acid-limited hepatoma cells
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Abstract

Limitation of cultured rat hepatoma cells for an essential amino acid results in a speafic decrease in expression of several
genes that are preferentially expressed in the liver, including the serum albumin and transthyretin genes, In the work
presented here, we exammed whether the coordinate repression of these genes is causad by decreased activity of one or more
of the liver-enriched transcription factors, hepatocyte nudear factor-1 (HNF-1), HNF-3, HNF4 or C/EBP. To address this
question, HepG2 h hep cells were transiently transfected with luciferase reporter constructs contuning multiple
copies of individual transcription factor binding sites. Limitation for an ial amino acid lted in specific repression of

a construct in which luciferase expression was directed by HNF-1. Anngk'HNl' 1 binding site located adj to the TATA
box plays a major role in transcription drcbd by the serum alb p nt ient t unys\ Amino aad
limitation of cells trunsfected with an alb luaferase reporter construct ed in jon of

promoter activity. In addition, bacterial mcthyhhon or site-directed mutagenesis of the HNF-1 blndmg site in (hc albumin
proximal p region cli i the regulation of an albumin promoter-luciferase reporter construct under conditions
of ammo acid imitation. These results demonstrated that the HNF-1 binding site played a major role in regulation of the
albumin promoter by amino acid availability. Deletion analysis of the albumin promoter confirmed regulation through the
HNF-1 binding site and also identifiad a sccond amino acid regulatory clement in the upstream region of the albumin
promoter, which has been shown previously to contain a functional binding site for HNF-3, The repression of albumin
promoter and HNF-1 reporter constructs in amino acid-limited cells occurred without a change in the DNA binding activity
of HNF-1. Moreover, HNF-3 DNA binding activity was also not decreased in amino acid-limited cells. These results suggest
that the regulation of transcription by amino adds occurs at the level of transcriptional activation by HNF-1 and HNF-3,
rather than by alteration of the DNA binding activity of cither factor.  © 1999 Elsevier Science B.V. All nghts reserved.

Keywards. Serum albumin; Amino acid ; Hepatocyte nuclear factor-1

Abbreviations: TTR, thyretin; HNF, b yie nuckar factor; CPS-L carbamyl phosphate synthetase-l; UAARE, upstream
amino acid regulatory element; HSV-TK herpes simplex virus thymidine kinase; CMV, cnt dovirus, EMSA electrophoretic mobil-
ity shift assay; apoAl apolipoprotein Al gene; apo(TII, apolipoprotein CHI gene; DCoH, dimerization cofactor of HNF-1

* Comesponding author. Fax: +1-909-787-554; E-mail: danicl straus@ucr edu

0167-4781/9/$ - sex front matter © 1999 Elsevier Science B.V. All rights reserved.
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Albumin - Decreased

lisielenielnel e Albumin is a negative acute phase Evaluate other inflammatory
inflammation reactant, which will decrease during makers. Client history. CIRS
some infections and inflammatory

Processes.

Liver disease Includes alcoholism and cirrhosis. Poor  Evaluate other liver markers.
liver function can lead to poor synthesis

of plasma proteins, such as albumin.

Kidney disease Due to albumin’s small size, if there are Evaluate kidney markers.
issues in the glomerular filtration

membrane of the kidneys, albumin can

be lost in the urine.

doleldadai=ininiel s Poor protein intake or absorption limits the Evaluate intake and digestive function.
digestion and amount of amino acids present for protein

absorption synthesis.




Reassessment of Albumin as a Nutritional Marker in

Kidney Disease

- The decision by nephrologists, renal dietitians, federal agencies, health care

payers, large dialysis organizations, and the research community to embrace

LB

52 9

o v o330

.

[ - SN,

Viewed in this manner, hypoalbuminemia may offer an opportunity to improve

patient well-being by identifying and treating the underlying disorder.

J Am Soc Nepheol 21: 223.230, 2010. do

1681/ASN.2009020213

Kidney disease is dosely associated with
protein-calorie malnutrition. The World
Health Organization defines mainutrition
as “bad nourishment™ characterized by
“inadequate or excess intake of protein, en-
ergy, and micronutrients such as vitamins,
and the frequent infections and disorders
that result.™ The definition implies that
protein-calorie malnutrition (henceforth
referred to as “malnutrition”) will improve
when missing nutrients are provided.
Serum albumin is the principal nutri-
tional marker used to identify malnu-
trition in patients with chronic kidney
disease (CKD). Through endorsements
by nephrologists, renal dietitians, the re-
search community, federal agencies,
health care payers, and large dialysis or-
ganizations, it has also become a de facto
index of clinical performance. The use of
serum albumin as a nutritional and qual-
ity care marker involves the following as-

J Am Soc Nephrol 21: 223230, 2010

sumptions: Serum albumin is a reliable
index of malnutrition; because serum al-
bumin is typically low in patients with
CKD, these patients should be consid-
ered malnourished; replacing missing
nutrients will raise low albumin levels;
and, because hypoalbuminemia is strongly
associated with mortality, replacing miss-
ing nutrients to raise albumin will also im-
prove patient outcomes. This review ex-
pands on previous viewpoints® by critically
examining these assumptions and offering
an alternative vision to interpreting serum
albumin

DETERMINANTS OF SERUM
ALBUMIN

General Population
Albumin is a negatively charged, water-
soluble protein (molecular weight 65

I
hepatic albumin synthesis are
nutritional intake—specifically protein
consumption—and illness.> Reduced
protein consumption slows mRNA syn-
thesis of albumin and results in lower se-
rum levels,*#-!! although only in the set-
ting of negligible dietary protein intake
Protein restriction also slows albumin
degradation, although to a lesser degree
than reductions in the synthesis rate.?.12
Refeeding with amino acids or protein
induces an immediate rise in albumin
synthesis.”-1®
It is also well established that albu-
min levels fall in patients with inflam-
matory disorders and other illnesses.
Possible contributory mechanisms in-
clude downregulated production of al-
bumin mRNA by the liver, leading to re-
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serum albumin as an important index of nutrition and clinical performance is
* based on humerous misconceptions. Patients with analbuminemia are not
malnourished and individuals with simple malnutrition are rarely

- hypoalbuminemic.
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Reassessment of Albumin as a Nutritional Marker in
Kidney Disease

Allon N. Friedman* and Stephen Z. Fadem'

*Division of Nephrology, Indiana University School of Medicine, Indianapolls, Indiana; 'Kidney Associates, Houston
Texas; and ‘Division of Nephrology, Baylor College of Medicine, Houston, Texas

ABSTRACT
The decision by nephrologists, renal dietitians, federal agendes, health care pay- kD) that is synthesized in the liver. Its

Albumin's widespread use as a nu’rrmoncl mc:rker IS unders’rcmdoble in light of the
desire of clinicians for a convenient, widely applicable, easily interpretable, and
accurate indicator of nutritional status. Unfortunately, no such indicator exists or
probably will for the foreseeable future. This does not mean that serum albumin
lacks utility. Although we have demonstrated that serum albumin is not a good
nutritional index in the great majority of cases, it is a powerful way to detect
underlying illness; that is, the higher the serum albumin, the more intact is overall

health.

pmtdn— aloﬂ'e.ma-lnut;mon (hcncefonh ing nutrlcms to raise anmmin will also lm rmn Ievels rall in };atient‘s.;mh in ﬂam-
referred to as “malnutrition™) will improve  prowi 4
e S ‘
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icies, DETERMINANTS OF SERUM
sor-  ALBUMIN
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Climate Associated Variations
in the Human Serum Albumin Level®

H. Walter! and B. Schibel?

'Department of Biology, University of Bremen, *Institute of Anthropology,
University of Mainz

Recaived September 1, 1975

Summary. Quantitative determinations of the human serunt albumin level showed signif-
icantly higher valnes in tropical (Negroes 46.28 mg/ml, Indians 54.30 mg/ml) than in non-
tropical populations (Germana 44.41 mg/ml). These observations are in agreement with those
of several other authors. It is assumed that these variations in the serum albumin level are
related to climate, and that they may indicate some biological advantage of higher albumin
levels under the climatic conditions of tropical biotops. This hypothesis is discussed oon-
sidering several aspects,

Introduction

In the course of its evolution the human species has spread over nearly all
parts of the world, so that the various human races and populations came to
exist under very different environmental conditions, among which, without any
doubt, climate plays an important role. That means that human populations had
to adapt biologically to the various climatic conditions on the earth. From a
great number of investigations it is known already that anthropometric as well
as physiological and hiochemical traits and properties are related to those adapta-
tion processes, which enabled the human species as a whole to survive successfully
and permanently e.g. under the life conditions of tropical heat resp. under those
of arctic cold (Dill ef al., 1964; Weiner, 1971 ; Walter, 1974).

In this connection we examined the question how far the serum albumin level
might be involved in the adaptibility to heat. In our opinion this question is
admissible for the following reasons:

1. Due to their large surfaces, albumin molecules can bind considerable
amounts of water (and thus also in water dissolved mineral salts). Tt is known that
1 g albumin can bind about 18 em? water and keep it in the blood circulation. By
this the dispersion of liquid from the bloodvessels into the surrounding tissues is
normally restricted.

2. In addition, in the healthy state a large amount of albumin spends quite
a long time outside the vessels in the surrounding tissues, by which the above
mentioned water binding capacity of albumin can doubtless be still more effective
(Wiinsche, 1954 ; Schultze and Heremans, 1966).

“ Sopported by the DFG.
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Serum albumin levels predict vascular dysfunction with paradoxical
pathogenesis in healthy individuals

Mayuko Kadono®*, Goji Hasegawa?, Masako Shigeta <, Atsuko Nakazawa®, Miho Ueda°,
Masahiro Yamazaki®, Michiaki Fukui®, Naoto Nakamura*

m, Kyoto Prefectural University of Medicine, Graduate School of Medical Science, 465 Kajui-cho, Hirokoji, Kawaramachi-dori,

(m icime, l o Prefectiral University of Medicine, Graduate School of Medical Science, Kyoto, Japan

A U-shaped relo’rlonshlp be’rween serum albumm and PWV was statistically
significant when albumin level was freated as a continuous variable in g/dl and
centered at 4.4g/dl. The highest tertile of albumin level (4.6-5.4g/dl) was
associated with increased odds ratios for hyperglycemia compared to the middle
tertile (4.4-4.5g/dl), whereas the lowest tertile (3.3-4.3g/dl) was associated with
reduced odds ratios for hyperglycemia. The highest tertile was also associated
with increased odds ratios for metabolic syndrome compared to the middle
tertile, whereas the lowest terfile was associated with reduced odds ratios.
Furthermore, the lowest tertile was associated with increased prevalence of
inflammation.

death |4-b|. Among ena-snge renal aisease pan nls in particu-  FisK actors for lerosis such as INsulin resistance,

lar, itis speculated the p ofthe and metabolic syndrome, all indicators of overnutrition [10-13].
ompl x syndrome” (Ml(.S ma yp artly explai thcscp radoxical 0 findings uggcs that serum albumin is linked to atherogen-
esis thro gh 0 paradoxical mechanisms, i.e. overnutrition and
malnutritio ﬂ mma non nc-l only in patients with renal dys-
function, b n healthy viduals. Several studies including the

ARIC Study, h I\HLBI F mlly H rt Study, and the Framingham
Offspring Study, have looked at the relationship between serum
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Table 3
Frequencies and odds ratios (95% CI) for hyperglycemia, metabolic syndrome, and inflammatory state according to tertiles of serum albumin.
Albumin range (g/dl) P-value
Low (3.4-4.3) Middle (4.4-4.5) High (4.6-5.4)
Hyperglycemia?
Hyperglycemia (%) 38.9 427 489 0.013
Adjusted odd ratios (95% CI)’ 0.80 (0.65-0.99) 1 1.35(1.07-1.70) <0.0001
Metabolic syndrome®
Metabolic syndrome (%) 11.6 15.2 184 0.0018
Adjusted odd ratios (95% Cl)’ 0.70(0.51-0.95) 1 1.30 (0.96-1.76) 0.0005
Inflammatory state®
Inflammatory state (%) 6.8 41 3.9 0.016
Adjusted odd ratios (95% CI)* 1.85(1.15-2.97) 1 0.92 (0.52-1.63) 0.0064

1. Introduction

Indicators of overnutrition such as obesity, hyperlipidemia,
and the metabolic syndrome, are well-established risk factors for
atherosclerosis| 1-3]. In contrast, indicators of undernutrition, such
as a low body mass index (BMI) or a reduced serum cholesterol con-
centration, are also strongly correlated with increased morbidity
and mortality, including a2 high risk of cardiovascular events and
death |[4-6]. Among end-stage renal disease patients in particu-
lar, it is speculated the presence of the “malnutrition-inflammation
complex syndrome” (MICS) may partly explain these paradoxical

+ Corresponding author. Tel.: +81 75 251 5505; fax: +81 75252 3721.
E-mail address: mayucom@koto.kpu-m.ac.jp (M. Kadono)

DO21-9150/S - see froat matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/jatheroscleross 2009.05.006

observations which have been referred to as “reverse epidemiol-
ogy" or the “risk factor paradox” [7].

Serum albumin level is affected by both nutrition and inflam-
mation, and albumin is a negative acute phase protein. Low serum
albumin concentrations have been shown to be associated with a
higher risk of morbidity and mortality from cardiovascular disease,
particularly in end-stage renal disease patients [89]. However,
high serum albumin levels appear to be linked to conventional
risk factors for atherosclerosis such as obesity, insulin resistance,
and metabolic syndrome, all indicators of overnutrition [10-13].
Our findings suggest that serum albumin is linked to atherogen-
esis through two paradoxical mechanisms, i.e. overnutrition and
malnutrition-inflammation, not only in patients with renal dys-
function, but in heaithy individuals. Several studies including the
ARIC Study, the NHLBI Family Heart Study, and the Framingham
Offspring Study, have looked at the relationship between serum
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Traditional Reference Range:
* 3.5-5.5 g/dL

Optimal Reference Range:
* 4.3-4.7 g/dL
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* Serum globulin refers to a number of different plasma proteins synthesized in
different locations of the body:

*  a-Globulin

* 1 —antitrypsin, alpha 1-lipoprotein

* 2 — ceruloplasmin, haptoglobin, thyroid binding globulin, angiotensinogen, Protein C
* B -Globulin

* Plaminogen, sex hormone binding globulin, transferrin
* v -Globulin

* Immunoglobulins (antibodies)

* Thus an increase or decrease in serum globulin levels can indicate a variety
of changes within these subtypes

* Protein electrophoresis identifies these subtypes on a blood chemistry
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* |gG >

* beta-globulin (i.e. SHBG, plasminogen, complement) >

* alpha-2-glubulin (i.e. TBG, ceruloplasmin, angiotensinogen) >
* alpha-T-globulin (i.e. antitrypsin) >

* IgA

* IgM

* |gE

* gD
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Traditional Reference Range:
* 1.5-4.5 g/L

Optimal Reference Range
* 2.3-2.7 g/L



Globulin - Elevated
-‘

In general:
* Cancer
* Autoimmunity

* Elevated estrogen
* Increase in SHBG and thyroid binding globulin



Globulin - Elevated
—

Alpha globulins
* Acute phase reactant response — infection, inflammation

* Gall bladder dysfunction (biliary cirrhosis, obstructive jaundice — check
bilirubin levels)

* Ulcerative Colitis
* “Digestive inflammation” used by other practitioners
Beta globulins

* Gall bladder dysfunction (biliary cirrhosis, obstructive jaundice — check
bilirubin levels)

Gamma globulins
* Autoimmune diseases, chronic infections, some liver diseases



Globulin - Decreased
-‘

Alpha globulins
* Acute hemolytic anemia
* Nephrosis
Beta globulins
* Nephrosis
Gamma globulins
* |[mmune system compromise



Globulin — Quick Thought
—

* Contain 10x as much tryptophan as albumin

* |f iIncreased globulin is observed, ask patients about depressive
tendencies

* As globulin synthesis increases, serum tryptophan may decrease,
thus limiting the availability for serotonin synthesis




Lower Serum L-Tryptophan Availability in
Depression as a Marker of a More Generalized

Disorder in Protein Metabolism

Michael Maes, M.D., Ph.D. Annick Wauters, M.Sc., Robert Verkerk, R.T., Ing., Paul Demedts, M.Sc.,
Hugo Neels, Ph.D., Ann Van Gastel, M.D., Paul Cosyns, M.D., Sinion Scharpé, Ph.D.,

and Roger Desnyder, M.D.

Recently, it fas beea reported that major aud melancholic
depression are accompanied by @ loweer availability of total
Letryptoplan (L-TRP) to the brain and by sigmificant
changes in electrophoretically seprated protein fractions,
such as albwmin and eo-globuling, The ainn of this stiedy was
to examtine the relationships betiveent seriom L-TRP
availability and total serwm protein, altnamin, and
ag-globulin in 42 depressed and 24 yormal subjects, In
depressed and normial subjects, alone aind together, Hiere
were significant and positive correlations betwven serum
L-TRP and total serum protess or albunur concentrations,
Iy Hee deprossed subjects, but nof in normal contrals, Hiere
were significant moerse relationships betieeen the L-TRPY
competing amine acid ratio and the eo-globulin fraction.

KEY WORDS: Acute phase protewns: Electrophoresis;
Serotonin; L-tryptophan; Albuwirin

There is now evidence that major depression is accom-
panied by disorders in the peripheral and central me-
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Serur L-TRP and atbumin were significantly lower in
melancholic subjects than tn norwal and minor depressed
subjocts. Depressed subjects had a significantly lower
L-TRP/competing amine acid ratio and significantly higher
servnn eex-globulin than normal controls, Total serum
profein was sigmificantly lower in major depressed subjects
Hean i normal controls. The results suggest thal lower
L-TRP availability to the brain in depression is related to
tozeer seraem albunii and to increased as-globulin fraction,
iwltich are both hallmarks of the acute phase response in
depression. The results further corvoborate Hie Ingpothesis
that loveered L-TRP apailability in depression is related to
the acute plase response in Hiat iflness.
[Neuropsychopharmacology 15:243-251, 1996]

tabolism of serotonin (5-HT) and by an acute phase re-
sponse. One on the most consistently reported abnormal
findings in serotonergic metabolism in major depres-
sion is a reduced availability of L-tryptophan (L-TRP)
to the brain (DeMyer et al. 1981; Maes et al. 19%0a; Co-
wen et al. 1989). Thus, serum L-TRP as well as the ratio
of L-TRP to the sum of amino acids known to compete
for the same cerebral uptake mechanisms (competing
amino acids, e.g., tyrosine, valine, leucine, isoleucine,
phenylalanine) is lower in major depressed subjects than
in normal controls {review: Maes and Meltzer 1995). The
relevance of these findings for the pathophysiology of
major depression is underscored by recent reports that
in normal and depressed subjects, acute lowering of
plasma L-TRP may cause an acute lowering of mood or
rapid clinically significant return of depressive symp-
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Albumin/Globulin Ratio
-‘

Optimal Range: 1.8-2.0
* Example: Albumin of 5.0 and Globulin of 2.5is a 2:1 ratio or 2.0




Albumin/Globulin Ratio - Elevated
-‘

High albumin/globulin ratio is either:
* |Increased albumin - dehydration
* Decreased globulin - (blank food tests)
* Both




Albumin/Globulin Ratio - Decreased
-‘

Low albumin/globulin ratio is either:
* Decreased albumin
* Increased globulin
* Both

Possibly caused by liver dysfunction, chronic inflammation/
iInfection, loss of albumin via the kidneys, autoimmunity



Table 1. Probabilities of Assigning

Samples to Either the Liver or
Bone Group
Probabllity, %

Range
YGT, U/L
10-16
16-25
25-40
40-63
63-100
100-158
158-251
251-398
over 398
Albumin/ globulin
0.6-1.0
1.0-1.2
1.2-14
1.4-1.6
1.6-1.8
1.8-2.0
over 2.0

ver

12
19
31
49
70
87
95
99

88
81
69
51
30
13

100 —

80
71
56
35
14

— 1

20
29

65
86
94
00

liter. This sample was then run by the
proposed method excepting that incu-
bation times were from 0 to 40 minin a
37 °C water bath. The experiment was
then repeated with use of half the
amount of glutaminase called for in the
proposed method. Results are shown in
Figure 1. Although a 30-min incubation
was used throughout this study, it can be
seen that the deamination reaction is
rapid and incubation time can be con-
siderably shortened. (Zero incubation
time at 37 °C refers to incubation ex-
ternal to the aca.) The aca requires 7
min at 37 °C to complete the ammonia
assay, during which time the glutami-
nase reaction may still proceed. With
sufficient glutaminase incorporated into
a test pack, complete automation of this
procedure would appear to be feasible.
Linearity. L-Glutamine standards
trom 068!0680mmol/hter runbylhe
- -
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Economical Single Cellulose

Acetate/Plastic Sandwich for

Developing and Scanning CPK/
LDH Isoenzymes

To the Editor:

l have sh‘hdy modlﬁed isoenzyme
g one of the

P P

with another plastic sheet 1 cm away
from the narrow edge of the plastic base
(this helps draining). Now squeeze out
excess substrate by gcntly preulnx a

in a small bin, then gently blotted before
scanning in the plastic casing.

CPK. Peel off the plastic cover, blot,
and air dry for a few minutes or until
some protein fraction becomes visible.
Place between blotters on a clean glass
plate and dry in a 55 °C oven for 10 min
or until dry (3). Cool, then observe
under a longwave ultraviolet light, in a
dark room.

Relerences

1. Wong, R., and Swallens, T. 0., Cellulose
ncelale elccuophomu of matlmm phu

n the d of
myocardial mluctlon Am J. Clin. Pathol.
64, 209 (1975).

2. Electmphotu- Mlnun| LDH lunmnr
A d for lactic d
nase isoenzymes, 1974, Beckman Imru
ments, Inc., Fullerton, CA 92634.
3. Mickle, D. A. G., Washington, G. A., and
Porter. C. ). Imoroved tachniaue for devel.

According to the data obtained here, if the
albumin/globulin ratio is less than 1.1, there is
an almost 80% chance that the liveris the
predominant source of the increased alkaline
phosphatase. Equally, if the albumin/globulin
ratio exceeds 1.6, there is a better than 80%
chance that bone is the course.

y-glutamyltranspeptidase (yGT; EC
2.3.2.1) (1, 2), 5-nucleotidase (EC
3.1.3.5) (3, 4), leucine aminopeptidase
(FS:H 1.1), and alanine and aspartate

squeegee across the
this procedure in the
(avoid scratching the plnuc cover).
Blot, trim away extra plastic, place the
preparation between two blotters, then
between two glass plates, and incubate,
|upporud in a 37 °C water bath, for 30
mm for CPK or 20 min l‘or LDH The
“sandwiches” can be st

P
PR Pa)

f (EC 2.6.1.2 and EC
2.6.1.1) (2). The ideal situation is that
they should be normnl when ornly the

ei
tration and abmre normal when the liver
isoenzyme is present in increased
amounts.
On each of a series of 96 routine

the glass phm A flat weight of about
0.5 kg is placed on the top of the stack to
ensure contact.

LDH. Scan immediately, while wet
and inside the plastic (2). I use a Beck-
man R110 Densitometer 580-mm filter
(2), slit length 0.3 mm and filter holder
0.4 cal, or visually examine the bands. If
not scanned immediately, and to avoid
extensive diffusion of the bands, the
cellulose strip is rinsed and kept in water

2214 CUNICAL CHEMISTRY, Vol. 24, No. 12, 1978

speci sen( to t.he Iaborau)ry for
uglkeals ™ the

followmg mnya were donc (u) polyuc
disc el

'a
phosphatase by the method of Smith et
al. (5), (b) ¥GT at 37 °C with 3-carb-
oxy-4-nitroanilide as substrate (6), and
(c) total alkaline phosphatase by con-
tinuous-flow analysis (SMA 12/60), also
at 37 °C, with phenyl phosphate as
substrate,

Of the 96 samples, electrophoresis
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Enzymes

R




Enzymes to note:
——

* Aspartate Aminotfransferase
* Alanine Aminotransferase

* Lactate Dehydrogenase

* Gamma-glutamyl transferase
* Alkaline phosphatase



Aspartate transferase (AST)
R

* Aspartate transferase (AST), previously known as Serum Glutamic-
Oxalacetic Transaminase (SGOT), is an enzyme primarily found in the
liver and heart, but is also found in skeletal muscle, the pancreas,
kidneys and gonads.

* |t is found in primarily in the cytosol of red blood cells and cardiac
muscle, and in the mitochondria of hepatocytes.

*  As with other transaminases, it is fransfers an amine group and thus is
involved with amino acid synthesis and metabolism. All fransaminase
enzymes require vitamin Bé (pyridoxine) to carry out this task.




Aspartate transferase (AST)
R

* As an intracellular enzyme, AST will likely be elevated in blood
during active tissue and cellular destruction.

* In most types of liver diseases, ALT will be higher than AST and
the AST/ALT ratio will be less than 1.

* Caveats to this are in alcoholic liver damage and cirrhosis,
where AST will generally be higher.

* Has a half-life of 17 hours. (active damage)



Alanine o-keto acid
(typically o-ketoglutarate)

Alanine amino-

PLP
transferase (ALT) Transfers the amino group from

alanine to an a-keto acid, usually

Pyruvate c-amino acid o-ketoglutarate
(typically glutamate)
o-keto acid (typically a-ketoglutarate) Aspartate
pLP Aspartate amino-
transferase (AST) Transfers an amino group from
aspartate to an a-keto acid, usually
5 = a-ketoglutarate
o-amino acid Oxaloacetate

(typically glutamate)



Aspartate Transferase (AST)
e

Traditional Reference Range:
* 0-40 IU/L

Optimal Reference Range:
* Men: 12-25 [U/L
* Women: 10-22 IU/L




AST - Elevated

Additional Inquir

AST can be elevated in liver Evaluate ALT.

inflammation, though ALT will be higher.

Will likely be over 100.
AST will be elevated and higher than ALT. Client history. Evaluate ALT.
alcoholism

Hypothyroidism Possibly due to hepatocellular injury Evaluate thyroid markers.
secondary to hypoxia created by low
thyroid hormone.



AST - Decreased

Additional Inqui

Vitamin B6 AST is a fransaminase enzyme, which Diet journal and client symptomes.
deficienc requires vitamin Bé for proper function.

Azotemia (high Nitrogen-containing compounds include Evaluate nitrogen containing
nitrogen in the ureq, uric acid, creatinine, etc. If these = compounds in the blood.
serum) are elevated, it may cause low AST

levels.




Alanine Aminotransferase (ALT)
R

* Alanine Aminotransferse, previously known as Serum Glutamic-Pyruvic
Transaminase (SGPT), is found in highest concentration in the liver. It is
also found in the heart, muscle and kidney but in lower
concentrations.

* Has a half-life of 47 hours.
* |Interesting to note:

* One study showed a decrease in ALT in magnesium deficient individuals
when magnesium supplementation was given

* High-normal (optimal range) ALT is associated with metabolic obesity and
atherosclerosis.

* Mild ALT elevations can indicate early fatty liver disease
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Normal Limit for Serum Alanine Aminotransferase Level and Distribution
of Metabolic Factors in Old Population of Kalaleh, Iran

Ali Kabir -, Akram Pourshams ', Masoud Khoshnia *, Fatemeh Malekzadeh '
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Backgrounds: Normal or elevased values of serum alanine aminotransferase level (ALT) vary in different studies mostly related w©
characreristics of reference population including age, gender, body mass index, nonalcobolic farty liver disease (NAFLD), and metabolic
syndrome prevalence.

Objectives: To measure upper normal limit (UNL) for serum ALT in an apparently healthy Iranian old population (which we had noc
nﬂnndnbdndusmluﬂmmdﬂmmm

> SOyears old)of Kalaleh, Colestan, Iran (N= 1986) were invited © the study ALT measurements
mmhﬂmmhmmmmmdm(uu)mummbwmnm
percentile in normalweight subjecs. Modulating factors of ALT d analysis.
u:l\mlddnotmhpn;.\mh(hzm*dmz?&ymmmdudd_uudwwammmmmmmad

A total of 1309 subjects, with the mean age of 61.5 £ 7.5 years were included.

Riran

AVG of ALT was 18.8 U/L and 21.4 U/L in women and men, respectively.

up of liver diseases (1, 2). Upper Limit of Normal (ULN) of
serum ALT level should be able to differentiate between
a healthy person and asymptomatic patient with a liver
disease. ULN of ALT has been set at 40 UJL since 1950s,
when serum ALT levels were used as a surrogate marker
for non-A, non-B hepatiti g blood d before

ALT and its modulating factors in an Iranian old
tion. This study also focuses on metabolic syndrome (MS)
and its component and its association with ALT in this
healthy appearing population.
3. Patients and Methods

ﬂle institutional review board (IRB) of the Digestive

idenli‘ylng hepatiﬁs Cvirus (HCV)(J). At that time, it was

d that refe for ing ULN
of ALT included many a,/mpmmak patients with non-
alcoholic fatty liver disease (NAFLD), so calculating ALT
levels has not been performed in healthy populations.
Nowadays, NAFLD is the most common cause of asymp-
tomatic ALT elevation (4). ULN of ALT should be able to
be used for screening NAFLD, too. ULN of ALT varies in dif
ferent studies mostly related to characteristics of refer-
ence population including age, gender, body mass index,

R h Center (DDRC) of Tehran University of
Medical Sciences reviewed and approved the study pro-
tocol and the informed consent forms. The DDRC Medi-
cal Ethics C has been regi: d in the Office
for Human Research Protection (The US Department of
Health and Human Services) under the registration num-
ber of IRBI641. Between July 2006 and January 2007, all
men aged 50 to 79 and women aged 55 to 79years old resi-
dent in Kalaleh, Golestan; Northern Iran, (N = 1986) were

for health
mhu
value for

u*whmhmmnmmdhmuﬂemm;kﬂn.hamumlu
detecting n subjects.

specifically of an lrantan cutoff paint for

1 or clevated liver erey
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Updated thresholds for serum alanine aminotransferase level
in a large-scale population study composed of 34 346 subjects

W-C. Wu*, C.-Y. Wu", Y.-). Wang™, H-H. Hung™*, H-l. Yang®Y W-Y. Kao®, C.-W. Su*#, J-C. Wu "7,
W-L. Chan'?, H-C. Lin*?, F-Y. Lee*? & S.-D. Lee*#*

Background
The sensitivity of current upper limit of normal (ULN) of serum alanine
aminotransferase (ALT) levels for detecting chronic liver disease has been

h aalthcare and Se
Department of Medcine, Taipe
terans General Hosotal, Taipe, challenged recently.

A group of 21 282 subjects were used as a training set to define an ULN with the highest
sensitivity; afterwards, this ULN was validated in another set of 13 064 subjects.

A reference healthy population was selected from the training set after excluding
subjects with any abnormalities in independent risk factors associated with elevated
serum ALT level (>40 IU/L) by multivariate analysis like body mass index, waist
circumference, glucose, cholesterol, high-density lipoprotein-cholesterol, triglyceride,
hepatitis B virus surface antigen, anti-hepatitis C virus antfibody and fatty liver.

The new ULN of serum ALT level defined as the 95% percentile in the healthy population
were 21 IU/L and 17 IU/L for men and women respectively.

5 T drome and fatty liver are the major risk factors of elevated serum alanine
S‘"{"'"ﬂ"’“’“'ﬁ ?‘1‘2“ ' aminotransferase levels.

Aliment Pharmacol Ther
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Upper Limits of Normal for Alanine Aminotransferase Activity in
the United States Population
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Abstract

Background & Rationale—Alznime amumotransferase (ALT) 15 an important test for liver
disease, yet there 15 no generally accepted upper it of normal (ULN) in the United States.
Furthermore, the ability of ALT to differentiate persons with and without liver disease 1s

The cut-off for 95% sensitivity was an ALT=24 IU/L (70% specificity) for men and 18 (63%
specificity) for women.

Vd-HIN

Rk —

2 Results—Maximum correct classification was achieved at ALT=29 IU/L for men (88%
sensitivity, 83% specificity) and 22 (89% sensitivity, 82% specificity) for women. The cut-off for
95% sensitivity was an ALT=24 IU/L (70% specificity) for men and 18 (63% specificity) for
women. The cut-off for 95% specificity was an ALT=44 IU/L (64% sensitivity) for men and 32
(59% sensitivity) for women. The area under the curve was 0.929 for men and 0.9135 for women If
the cut-offs with the best correct classification were applied to the entire population, 36.4% of men
and 28.3% of women would have had abnormal ALT.

Conclusion—ALT discrimu persons infected with HCV from those at low risk of liver
disease. but would be considered elevated in a large proportion of the U.S. population.

Keywords
liver enzymes; reference range; National Hezlth and Nutntion Examination Survey; eprdemiology:
population-based

Alamine amunotransferase (ALT) activity 15 an mmportant screening, diagnostic, and
monitoring test for liver disease (1) As such, there 15 a need to have uniform measurement
and defimtions of normal range. However. there 15 no generally accepted upper limit of
normal (ULN) in the United States (U.S.) and reference standards vary 2-fold.(2. 3) While

dussnuepy Joyiny Vd-HIN
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Characteristic 1 2 3 4-9 10
Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) Mean (SD) %
ALT level, IUL 6.7 (1.4) 94(1.3) 10.8(1.8) 17.0(5.4) 441 (234)
"
Iloru_ity Outcome and No. of Unadjusted Cumulative Age-adjusted 95% Confidence PValue
Decile of ALT Level® Deaths Mortality® Hazard Ratio® Interval
All causes
1 816 34.6 1.61 1.41,1.83 <0.001
2 393 29.4 1.42 1.20, 1.68 <0.001
3 494 26.6 1.28 1.08, 1.53 0.006
4-9 1,760 17.5 1.00
10 211 17.4 1.33 1.06, 1.66 0.014
Cardiovascular disease
1 329 16.2 1.64 1.35, 1.98 <0.001
2 159 9.3 1.32 1.00, 1.75 0.047
3 187 11.6 1.26 0.90, 1.75 017
4-9 626 6.6 1.00
10 63 4.2 1.23 0.83, 1.81 0.30
Cancer
1 173 8.6 1.73 1.35, 2.21 <0.001
2 89 11.0 1.64 1.21,2.22 0.002
3 114 71 1.46 1.02, 2.08 0.038
4-9 398 44 1.00
10 44 5.2 0.95 0.61,1.48 0.82
Diabetes mellitus
1 19 0.63 1.06 0.44,255 0.89
2 11 0.76 1.86 0.77,4.52 0.16
3 12 0.18 0.41 0.20, 0.85 0.017
4-9 63 0.54 1.00
10 11 1.7 2.74 0.97,7.73 0.056
Liver disease®
1 2 0.004 0.02 0.003,0.12 <0.001
2 1 0.046 0.25 0.036,1.71 0.15
3 3 0.028 0.15 0.031,0.73 0.020
4-9 15 0.20 1.00
10 16 0.70 527 1.59,17.46 0.008




Alanine Aminotransferase (ALT)
e

Traditional Reference Range:
* 0-40 IU/L

Optimal Reference Range:
* Women: 10-19 IU/L
* Men: 13-22 IU/L




ALT - Elevated

Relatively high levels of ALT due to

disease hepatocellular injury.

Biliary issues May be a mild increase in ALT. Other Evaluate alkaline phosphatase and
markers can help identify if it is related to GGT.
biliary function.
Pancreatitis Mild elevations in ALT may occur. Evaluate symptoms. Serum

amylase and lipase could be of
value.




AST - Decreased

Cause Reason Additional Inquir

Vitamin Bé AST is a fransaminase enzyme, which Diet journal and client symptoms.
deficienc requires vitamin Bé for proper function.

Azotemia (high Nitrogen-containing compounds include Evaluate nitrogen containing
nitrogen in the ureaq, uric acid, creatinine, etc. If these  compounds in the blood.
serum) are elevated, it may cause low AST

levels. (grass?)




g""‘ NIH Public Access
@ Author Manuscript
eyt

HEN
Publiched in final edited form as:
Gastroenterology. 2013 December ; 145(6): . do1:10.1053/j.gastro0.2013.08.036.

Association Between High-Normal Levels of Alanine
Aminotransferase and Risk Factors for Atherogenesis

M. Shadab Siddiqui, M.D.", Richard K. Sterling, M.D.!, Velimir A. Luketic, M.D.!, Puneet
Puri, M.D.", Richard T. Stravitz, M.D.", lliana Bouneva, M.D.!, Sherry Boyett, R.N.!, Michael
Fuchs, M.D., Ph.DZ, Carol Sargeant, R.N.‘, G. Russell Warnick, Ph.D.3, Shahrzad Grami,
M.S.2, and Arun J. Sanyal, M.D.1

Low-normal ALT: less than Less than 192 IU/L in women and less than 31 IU/L in men
High normal ALT: Between 19-40 IU/L in women and 31-40 IU/L in men
Elevated ALT: Greater than 40 IU/L in either men or women

iduosnueyy Joyiny Yd-HIN

Level of ALT was associated with level of ApoB, concentration and particle size of very
low-density lipoproteins (VLDL), concentration of LDL particles (LDL-P), and percentages
of small dense LDL (sdLDL) and sdLDL-cholesterol (SALDL-C) (P<.0001 for all). High—-normal
level of ALT was associated with higher levels of LDL-cholesterol, LDL-P, sdLDL-C, and
sdLDL particles (P<.001 for all).
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AST and ALT
R

* If of hepatic origin, reflect active hepatocellular damage, not
damage that occurred weeks or months ago.

* AST elevations without ALT elevations suggest damage outside
of the liver.

* Severe liver disease can cause a decrease in AST and ALT.

* Elevated levels but less than 100 are likely not hepatitis, but can
indicate fatty liver.

* A vast number of medications can increase AST and ALT. Thus if
elevated be sure to check a client’s medication history.




Gamma-Glutamyltransferase (GGT)
—

* Gamma-glutamyltransterase (GGT) is present primarily in the
liver, kidney and pancreas.

* GGT is highly sensitive for biliary tree issues, and is oftfen
elevated in excess alcohol consumption

* GGT Is present in cell membranes and is involved in the transfer
of amino acids

* Historically used as an enzyme for liver and biliary dysfunction,
and alcohol consumption, recently GGT has been identified as
a marker of oxidative stress



7 Amino acid
Hy'N— CIH (outside of cell)
R
vy v-glutamyl transperﬁc'late Ve S VY
membrane
A% A Vv
(2] Cytosol
I
Glutathione (reduced
P; +ADP ( ) Hy*N— CH
Glutathione
synthetase CYS‘GW | CH;
| e
Glycme L Amino acid
Peptldase C_ H3 N CH {inside cell)
lutamylicysteine
g yicy Glutamate R
b+ ADP ¥-glutamylcysteine Cysteine ¥-glutamyl enzyme complex
¥ synthetase
Y-glutamyl cyclotransferase
(4] CIOO_
Glutamate Hy*N — CH
5-oxoprolinase 9 *L
P+ ADP “
Amino acid
00" (inside of cell)
H
5-oxoproline

© Glutathione reacts with Y-glutamyl transpeptidase to form a
Y—glutamyl enzyme complex.
@ The glutamate portion of glutathione remains attached to the

enzyme complex while cysteinylglycine is released and an amino
acid binds to the glutamate enzyme complex.

(3] ¥-glutamyl cyclotransferase cleaves the peptide bond between the
amino acid and the y-carbon of the glutamate enzyme complex.

@ The free amino acid can be used within the cell.

© 5-oxoproline generated from step 3 is used to reform glutamate and
via several steps glutathione (step 1).



Production of cysteinyl-glycine

Formation of
@ adducts with cisplatin
Intracellular Redox reactions \ Cisplatin
with metal ions resistance
Production of ROS

O,

Oxidation of thiols

Recovery of cysteine in extra- and intracellular
and glutamate @ proteins

DNA damage @
Genomic instability l

Protein

synthesis Redox modulation Effects on protein
Resynthesis of GSH of intracellular targets S-thiolation status
Resis!ance to l
electrophilic/alkylating Effects on cell
toxic agents survival pathways

Extracellular
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Gamma-Glutamyltransferase (GGT)
——

Traditional Reference Range
* 0-65 IU/L

Optimal Reference Range
* 12-24 1U/L (Men)
* 10-22 IU/L (Women)




GGT - Elevated

Additional Inquir

Biliary tree GGT is found in high amounts in biliary Gall bladder symptoms, alkaline
dysfunction epithelium. Thus in biliary tree dysfunction can phosphatase, bile acids.
cholestasis increase GGT levels.
Alcohol seems to increase the activity of GGT, Client history.
though the exact mechanism is unclear.
Pancreatitis Pancreatic inflammation can release enzymes Consider running amylase and lipase.
normally found in that tissue. GGT is found in

the pancreas and thus, can be elevated during
pancreatic inflammation.

Oxidative Stress GGT, even when high-normal, may be an early Evaluate bilirubin (low) and uric acid
and sensitive enzyme for oxidative stress. (elevated).
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GGT - Decreased

Additional Inquir

HypothyroiciSm e YT ilely

Magnesium Association. Inverse correlation Evaluate magnesium levels as well
deficiency between magnesium level and GGT as signs and symptoms.
levels.




Jaundice




Jaundice




Lactate Dehydrogenase (LDH)
R

* Lactate dehydrogenase (LDH) is found in all cells, including
anucleated red blood cells.

* Therefore when levels are elevated, it is difficult to ascertain
what tissue is breaking down and is a non-specific marker for
cellular damage.

* |If elevated beyond the laboratory range, LDH isoenzymes can be
run, which can better help identify the tissue.




Lactate Dehydrogenase (LDH)
e

Traditional Reference Range
* 100-250 1U/L

Optimal Reference Range
* 140-180 IU/L



LDH - Elevated
-‘

* Liver diseases (cirrhosis, certain types of hepatitis)

* Hypothyroidism - (Al mechanism of cellular damage)
* Skeletal muscular damage, including intfense exercise
* Certain types of anemia (hemolytic, pernicious)

* Fractures




LDH - Decreased
-‘

* Poor carbohydrate entry intfo cells
* Reactive hypoglycemia (evaluate symptoms and glucose levels)
* |nulin resistance
* Ketosis




Alkaline Phosphatase
——

* An enzyme primarily found in the liver (biliary tree), bone,
kidneys, small intfestines and placenta

* As A phosphatase, it's responsible for removing phosphate from
molecules and works well in an alkaline environment

* Elevated in bone and liver disease

* Intestinal alkaline phosphatase (IAP), has the ability to detoxify
lipopolysaccharide and prevent bacterial invasion across the
gut mucosal barrier



Alkaline Phosphatase
e

Traditional Reference Range
* 25-150 IU/L

Optimal Reference Range
* 65-90 1U/L



Alkaline Phosphatase - Increased

Additional Inqui

HVsieleitieiiel - Can cause damage to biliary cells Evaluate with bilirubin levels.
releasing alkaline phosphatase into the
blood.

Liver or biliary Same as above. Evaluate with bilirubin levels.
cirrhosis

Gastrointestinal Damage to intestinal mucosa can Client history.
L= (e eii=n - release alkaline phosphatase into the
colitis, peptic blood stream.

Hyperphosphatemia -X{Yeleile]le]aF Evaluate phosphate and calcium
or high parathyroid level.

hormone.



PRODUCT UPDATE

Feature Editor: Sharon Stall, MPH, RD, CSR, CDN

Phosphorus Content in Commonly Consumed

Beverages

Erica Wickham, MS, RD, CDN

Patients with chronic kidney disease are likely to experience certain symptoms
when their phosphorus gets too high. Individuals with diabetes may suffer from
severe itching all over their body.1 In the dialysis population, elevated serum
phosphorus levels are a constant struggle for the clinical team and the patient
alike. As a dietitian, there is a constant search for a solution to help renal
patients control their serum phosphorus and in many cases to remember to take
their phosphate binders.

phosphorus and are at a higher risk of developing hyper-

phosphatemia.” This may ulamately resultin elevated para

thyroid hormone secreton, progressive deterioration of

kidney function, renal bone disease, vascular calcafication,
increased risk of cardiovascular acadents, and higher mor
tality rates.” " Because elevated phosphorus affects bone and
cardiovascular risk, the Kidney Disease Improving Global
Outcomes guidelines refer to this condition as mineral
bone disorder of chronic kidney discase.

Patients with chronic kidney disease are hikely to expe
rience certain symptoms when their phosphorus gets too

high. Individuals with diabetes may suffer from severe itch

snno all qeee thear bady - Ly the (ialvacnanulannn elevarsd

much higher (>90%) than that of natural sources, such
as animal and plant proteins (40-60%)." Several preserva
tive and additve salts containing phosphorus are found
in processed, convenience foods. These additives are useful
in prolonging shelf life, enhancing flavor, retaining mois
ture, and improving the color of the food item The
form of phosphorus in additives 1s not bound to protein,
but rather it i1s a salt that is readily absorbed in the
intestinal tract. Table | illustrates the nutritional content,
including the calorie, potassium, and phosphorus content
found in commonly consumed beverages. It is of interest

that most clear sodas are lower in phosphorus, but many
T L RIS EDRRK LN I WK [ I sedan T 3




Table 1. Phosphorus and Potassium Content of Commonly Consumed Beverages

Table 1. Phosphorus and Potassium Content of Commonly Consumed Beverages (Continued)

fodic Coodes L {r9) fhe simg) Product Calories Potassium (mg) Phosphorus (mg)
Aquafina Flavor Splash Grape <1 <1 85 Tropical Bery 165 60 140
Peach Mango - i o Hawaian Punch 170 50 175
Paspberty <1 ’ o2 Fruit Juicy 170 45 173
Strawberry Kiwi <1 57 82 ‘Gnen Berry Rush - 170 43 173
Wikd Berry <1 -1 62 Lipton lced Green Tea with Citrus 70 10 65
A&W Root Beer 174 <1 <1 lced Tea Sweetenad 70 15 19
Diet Root Beer <1 <1 <1 lced Tea Unsweetened <1 10 18
Croam Soda 174 <1 <1 Mello Yellow 170 10 <
Diet Cream Soda <1 <1 <1 Diet <1 <1 <1
Barg's Root Beer 166 <1 <1 Mountain Dew 110 <1 <1
Barq's Diet Root Beer <1 12 <1 Diet Mountain Dew 1 63 -1
Barq's Red Cream 172 <1 <1 Mountain Dew Coe Red 170 10 53
:‘:;3::2‘82.":"" : e: :{: :{: Mountain Dew Live Wire 170 5 <1
Diet Franch Vanilla Cream 2 <1 <1 M'g:::t B;:ot Beer 17? :: : :
Canada Dry Ginger Ale 140 <1 <1 Mu C'“E.m Soda 150 <1 ;. 3
Diet Ginger Al <1 <1 <1 g ; ) )
Cranberry Lime Seltzer <1 <1 <1 Diet Mug Cream Soda <1 <1 <1
Mandarin Orange Seltzer <1 -1 “1 Nestea Lemon Sweet 129 <1 <1
Raspberry Seltzer <1 <1 <1 Honey Lemon Green 120 35 <1
Lemon Lime Seltzer <1 <1 <1 Raspberry 135 <1 <1
Tonic Water 135 <1 <1 Sweetenad 125 <1 32
Club Soda <1 <1 <1 Unsweetened <1 <1 32
Coca-Cola 145 <1 58 Orange Slice 180 <1 35
Coca-Cola with Lime 146 51 56 Cherry Slice 165 <1 35
Coke Zero 2 o 5 Dr. Siice 180 <1 35
Diet Coke 2 18 27 :
Diet Coka with Lime 3 29 27 P’;ﬁ“‘t Pepel '_f? ;g g;
Cherry Coke 156 <1 56 i B
Diet Cherry Coke 2 29 35 Pepel Max <1 20 42
Charry Coke Zero 2 50 56 Pepsi Next 35 15 33
Vanilla Coke 200 0 56 Wild Chary 160 10 53
Vanilla Coke Zero 2 47 56 Diet Pepsi Lime <1 40 89
Crush Diet Pepsi Vanilla <1 45 89
Orange 162 <1 <1 Pibb Xtra 145 21 44
Diet Orange <1 <1 <1 Pibb Zero 2 33 44
Grape 162 5 5 Schweppes Ginger Ale 180 <1 <1
Chorry 162 5 5 Diet Ginger Ale <1 <1 <1
Dr. Pepper 150 20 54 Tonic Water 135 <1 <1
Dr. Pepper 10 10 <1 28 Club Soda -1 -1 -1
Diet Dr. Pepper ! ! 50 Sierra Mist 90 35 <1
Or. Papper Cherry o 2 - Diet Sierra Mist <1 7 <1
Wiy Aroiany . “ S Sierra Mist Cranberry Splash 160 50 <1
Borry 176 26 2 Diet Cranberry Splash <1 37 <1
Citrus 136 2 1 Sierra Mist Strawberry Kiwi 140 50 <1
Grape 183 <1 <1 Diet Strawbermry Kiwi 5 137 <1
Lomon 168 <1 <1 Sprite 144 <1 <1
Orange 167 53 <1 Sprite Zero 36 110 <1
Fresca Original Citrus <1 <1 <1 Tropicana Fruit Punch 130 a0 a3
Black Cherry <1 <1 <1 Lemonade 120 40 38
Peach Citrus <1 <1 <1 Pink Lemonade 170 39 a7
g“‘.'v’:‘;""'"y :g gg :f ; Strawberry Melon 150 76 93
Passion Orange 165 60 123 T";.’:gg“:"’ Orange 19: :: :
Peach Papaya 165 60 123 9 B
Pink Lomonade 165 80 63 Stawbeny 165 30 <1
Strawbaerry Melon 165 110 120 Grape 180 3 <1

Tangerine Citrus 165 35 20



Alkaline Phosphatase - Decreased

Cause Reason Additional Inquir

Zinc deficiency Alk Phos is a zinc dependent enzyme. If Diet journal. Zinc deficiency
zinc is low, alkaline phosphatase may be symptoms.

decreased.
Alk phos is low in individuals with scurvy.  Diet journal. Evaluate vitamin C
deficiency. deficiency symptoms.
Magnesium Alk Phos also requires magnesium for Evaluate GGT and serum

deficiency proper function. magnesium.



LDH Isoenzymes

X
X
*
*
*

Isoenzyme #1: heart, red blood cells

Isoenzyme #2: heart, lymph, red blood cells

Isoenzyme #3: pulmonary, spleen, adrenal, kidney
Isoenzyme #4: hepatic, skeletal muscle, prostate/uterus
Isoenzyme #5: hepatic, skeletal muscle

R

Alkaline Phosphatase
Isoenzymes

* Liver Isoenzyme a2
* Liver Isoenzyme a1
* Bone Isoenzyme

* Intestinal Isoenzyme
* Placental Isoenzyme



Break Time.
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* Creatinine

* Uric acid

* Bilirubin

* Blood urea nitrogen (BUN)



—

* Byproduct of creatine breakdown

* Majority of creatine is found in skeletal muscle, therefore serum
creatinine is seen as a byproduct of skeletal muscle metabolism

* Creatinine is cleared in the kidneys and thus, is viewed as one
of the “kidney markers”

* Creatinine production is considered to be constant as long as
muscle mass is constant



Creatinine

PCr ADP ATP creatine
Co0- o0-
&, M b,
| o creatine kinase !

c/ )—NH— !—o- e )—NH,

2.6% of PCr reserves per day creat"“ne/(% of creatine reserves per day

P, +H,0 H

H,c/




Creatintine
-‘

Traditional Reference Range
* 0.5-1.5 mg/dL
Optimal Reference Range

* Men: 0.8-1.1 mg/dL
* Women: .7-1.0 mg/dL




Creatinine - Increased

Cause Reason Additional Inquir

Kidney Poor kidney function leads to decreased Evaluate other kidney markers, eg
dysfunction filtration and excretion of creatinine, thus BUN.
elevating serum creatinine levels.

Dehydration Hemoconcentration. Evaluate other dehydration
markers.

Lyleil=iei=lel pplle =0 More muscle means more creatine and
thus, more creatinine.

sl aelie el Increased muscle breakdown Evaluate thyroid markers.
sllelalnp=eininiel <=0 Meat contains creatine and thus can Diet history.

lead to increased creatinine levels.
“ Increases creatinine levels considerably  Client history.

by competing for filtration in the liver.




Creatinine - Decreased

Additional Inquir

Decreased Less muscle means less creatine.
muscle mass

Poor dietary Mean contains creatine. Poor protein Diet history. Gl symptomes.
elferi=llglritel<=n o)t digestion or absorption can lead to low
absorption creatinine levels.



Creatinine

Interfering Factors

Elevated Decreased
High ascorbic acid intake Increased bilirubin and glucose levels.




—

* Uric acid is the major end product of DNA purine base
metabolism, specifically purine nucleosides adenosine and
guanosine.

* Adenosine — inosine — hypoxanthine — xanthine — uric acid*
* Guanosine — guanine — xanthine — uric acid*

*Xanthine oxidase is the final enzyme that converts xanthine to
uric acid.
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—

* Uric acid synthesis primarily occurs in liver and intestinal mucosa
due to high xanthine oxidase enzyme activity in those two
tissues.

* Daily synthesis of uric acid is approximately 700mg with dietary
sources of nucleoprotein contributing approximately 300mg to
the daily total uric acid production, though this will vary
considerably depending on dietary intfake.



—

* Uric acid is excreted via the kidneys.
* Approximately 400-800mg of uric acid is excreted daily.

* There may be day-to-day and seasonal variations to uric acid with
levels being slightly higher in the summer than in winter months.

* The more alkaline the urine, the more uric acid is excreted.
Conversely the more acidic the urine the more uric acid is
reabsorbed and less is excreted.

* |ncreases in exercise, stress, weight, hypertension, diabetes and type
A personalities are associated with higher levels of uric acid.



—

* Newer research suggests that uric acid can be a marker of
oxidative stress and act as an antioxidant or reducing agent.

* And similar to other reducing agents (eg vitamin C), uric acid
can also act as a pro-oxidant.

* Elevated uric acid levels are associated with cardiovascular
disease, hypertension and diabetes, though there is some
debate as to whether high uric acid are causative or
correlative with these.



‘\

Traditional Reference range:
* 3.4-7.0 mg/dL (men)
* 2.4-6.0 mg/dL (women)
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Serum uric acid shows a J-shaved trend with coronarv mortality in

Tertiles
<0.29, 0.30-0.36, .>37 mmol/L
4.88, 5.04-6.05, 6.22 mg/dL

1
0.98-

5 0.96-

£ 0.941

§0.92~ xs
Z 0.9 2T> Terties of USA

0.881 —e—T3 .
0.864—

0 1: 23 4% &% & 8 310 11 12
Years of follow-up

Fig. 1 Coronary (CHD) cumulative survival in the three tertiles
(T1, T2, T3) of SUA. *p<0.001 vs. 2nd tertile, **p<0.05 vs. 2nd
tertile
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Uric acid levels, even in the normal range, are associated with increased

Men: 48-320, 321-370, 371-419 (.81-5.38, 5.4-6.22, 6.24-7.04)
Women: 43-269, 270-310, 311-359 (.72-4.52, 4.54-5.21, 5.23-6.04)

In both men and women with normouricemia (UA<420 ¢ mol/lin men and <360 ¢ mol/|
in women), tertiles of UA levels were adversely associated with body mass index, waist
circumference, waist-to-hip ratio, total- and HDL-cholesterol, apolipoprotein Al, systolic
and diastolic blood pressures, pulse pressure, fasting plasma glucose and white blood

cell count.

I, T—
with various diseases |3.4] Patients with hyperuricemia have a 1.5-to
3-fold increased risk of cardiovascular disease than those without hy-
peruricemia |5-7]. However, there is an increasing evidence that higher
uric acid (UA), even in those without the diagnasis of hyperuricernia but
with a UA level considered to be in the high-nomal (310-330 pmol /1)
range, was positively associated with higher cardiovascular risk or mor-
tality |G8.9].

The effect of UA on cardiovascular disease (CVD) or all<ause
mortality may vary by diabetes status, but results from earier studies
were heterogeneous | 10-12] A recent longitudinal study of 1268
patients with type 2 diabetes reported no association between baseline
UA level and all-cause or CVD mortality after a follow-up of more than
10 years [11]. The authors suggested that serum UA level may not be

* Corresponding author. Tel: 86 3898 1268 ; fax: +86 3898 1257
E.mail addwess: kqungdyahoocom.an (CQ, iang)

0167-5273/§ - see front mazter ©2013 Ekevier ireland Ll All nighss reserved.
http: /s dolorg/1 A1 0164 scaed 201301 214

P gy e e ay o TR T
reported diabetes, but not in those without diabetes or for (VD events
[10]. Amare recent study from the Casale Monferrato Study alsoshowed
that baseline serum UA level predicted all-cause, but not OVD mortality
in 1540 older subjects with diabetes after a follow-up of 15 years [12]

There are limited data describing the cardiovascular risk from
serum UA that may begin below the current diagnostic lewel of
hyperuricemia in people without diabetes [689]. In the present
study using data from Phase 1 of the Guangzhou Biobank Cohort
Study (GBCS), we examined the association between increasing
lewel of serum UA and a wide range of cardiovascular risk factorsin
an older Chinese sample in Guangzhou, China.

2 Methods
CBCS 15 2 three-way ool Lboration among the Cuangzhou 12th Hospial Ching the

Unmersity of Hong Kong. and the Univerty of Bimmingham, UK The study ams ©
examine emvironmenta and occupational Gctors, genetic and Idestyle deerminans



Men
4.72
4.72-5.36
5.36-6.09
6.09

Women
3.5
3.5-4.07
4.07-5.5
5.5

Table 1 Baseline characteristics [mean (SD)] in AMORIS population free of AML, stroke or CHF by gender and quartiles (Q)

of uric acid
Ql Q2 Q3 (0%} All

Female
No. of patient 49 882 49 551 48 613 48 500 196 556
No. of strokes (%) 927 (1.9) 1177 (2.4) 1646 (34) 3202 (6.6) 6952 (3.5)
No. of IS-strokes (%) 588 (1.2) 801 (1.6) 1167 (24) 2362 (4.9) 4918 (2.5)
No. of HS-strokes (%) 156 (0.3) 148 (0.3) 227 (0.5) 388 (0.8) 909 (0.5)
No of unspecified strokes (%) 183 (0.4) 228 (0.5) 252 (0.5) 452 (0.9) 1125 (0.6)
No. of AMI (%) 568 (1.1) 752 (1.5) 1127 (2.3) 2441 (5.0) 4888 (2.5)
No. of CHF (%) 477 (1.0) 528 (1.1) 914 (19) 2239 (4.6) 4158 (2.1)
Age (years) 45.1 (10.6) 46.8 (11.3) 49.4(12.1) 54.8 (13.1) 49.0 (12.4)
Uric acid (pmol L 181.7 (22.0) 225.7 (9.7) 261.0(11.4) 330.9 (47.6) 249.2 (61.0)
Total cholesterol (mmol L") 54 (1.0) 56(1.1) 58 (1.1) 6.1 (1.2) 5.7(1.2)
Triglycerides (mmol L") 09 (05) 1.0 ( 0.5) 1.1 (0.6) 1.5 (0.8) 1.1 (0.6)
Hypertension (%) 130 (0.3) 141 (0.3) 251 (0.5) 840 (1.7) 1362 (0.7)
DM (%) 992 (2.0) 777 (1.6) 924 (19) 2273 (4.7) 4966 (2.5)

Male
No. of patient 55 976 55 383 55 105 54 714 221178
No. of strokes (%) 1999 (3.6) 2009 (3.6) 2261 (4.1) 3055 (5.6) 9324 (4.2)
No. of IS-strokes (%) 1408 (2.5) 1483 (2.7) 1634 (3.0) 2282 (4.2) 6807 (3.1)
No. of HS-strokes (%) 385 (0.7) 308 (0.6) 356 (0.6) 473 (0.9) 1522 (0.7)
No of unspecified strokes (%) 206 (0.4) 218 (0.4) 271 (0.5) 300 (0.5) 995 (0.4)
No. of AMI (%) 2555 (4.7) 2678 (4.8) 3077 (5.6) 3976 (7.3) 12286 (5.6)
No. of CHF (%) 925 (1.7) 970 (1.8) 1267 (23) 2013 (3.7) 5175 (2.3)
Age (years) 46.8 (10.8) 46.7 (10.8) 473 (11.0) 489 (11.6) 474 (11.1)
Uric acid (umol L™") 2495 (27.2) 300.8 (10.8) 339.7 (12.3) 409.5 (43.7) 3244 (64.3)
Total cholesterol (mmol L") 55 (1.0) 370.0 58 (1.1) 6.0 (1.1) 5.7 (1.1)
Triglycerides (mmol L_') 12 (0.7) 1.3 (0.7) 15(0.8) 1.8 (0.9) 1.4 (0.8)
Hypertension (%) 213 (0.4) 212 (0.4) 307 (0.6) 710 (1.3) 1442 (0.7)
DM (%) 2883 (5.2) 1621 (2.9) 1585 (2.9) 2281 (4.2) 8370 (3.8)

SD, standard deviation; AML acute myocardial infarction: CHF, congestive heart failure; DM, diabetes mellitus.




e

Traditional Reference range:
* 3.4-7.0 mg/dL (men)
* 2.4-6.0 mg/dL (women)
Optimal Reference Range:
* 3.7-5.5 mg/dL (men)
* 3.2-4.4 mg/dL (women)



Uric Acid - Elevated

Elevated - If uric acid is elevated above either the optimal or
laboratory reference range, it is either increased production,
decreased excretion, or a combination of both.

Addiional Inquiry

Excessive breakdown of purines Ask about history of gout and/or
systemic joint pain

Kidney Poor filtration and excretion of uric Evaluate BUN, creatinine,
dysfunction acid, thus keeping serum levels phosphorus; urinalysis
elevated

Excess alcohol Hepatocellular destruction Ask about alcohol intake
infake

Sielpieiilenieliel Lo Catabolism of proteins and thus purine  Diet history
exireme calorie
restriction

e lei il iel e[ Association Evaluate TSH

Hyperlipidemia Association Evaluate cholesterol




Uric Acid - Elevated

Excess destruction of cells Evaluate CBC markers

S (=3 T el (o)) Excess fructose increases conversion of ATP to  Diet journal - this is huge in diabetes
of fructose inosine; increases synthesis of purines via the cases!

pentose phosphate pathway; fructose may

also decrease uric acid excretion

Chronically elevated Wati{eleile]jle]g Evaluate glucose, hemoglobin A1C
serum glucose

Fungal infection Some researchers consider uric acid to be a
mycotoxin produced by yeast and fungus

Ketogenic diet May impair ability of kidneys to excrete uric Inquire about diet; ketones in urine; CD
acid due to competition with ketones. cases

Alternatively, acidic urine increases uric acid

reabsorption.

High supplemental Supplement history
niacin intake
High protein diet More protein typically means more purine Diet journal

intake and thus uric acid production

Excess acidity Excess acidity can lead to acidity of the urine,  Acidity is often correlated with blood
which tends to reabsorb uric acid leading to sugar dysregulation; low CO2 levels can
higher serum levels. indicate hyperacidity



Molybdenum
deficiency

Zinc deficiency

Iron deficiency

Low purine intake
(eg vegetarian)

Oxidative stress

Excess alkalinity

Uric Acid - Decreased
_ _Cause | Reason |

Xanthine oxidase is a molybdenum dependent Ask about increased sensitivity to
enzyme. Low levels of molybdenum may lead smells and/or consumed sulfites/

to decreased uric acid production.

May increase urinary uric acid excretion; low
zinc can also lead to high copper, which can
negatively impact iron (See below)

May cause relative increase in copper, which
may displace iron with uric acid production

Uric acid is an abundant serum antioxidant. If
oxidative stress is high, uric acid levels may be
decreased.

Generally the more alkaline the blood, the
more alkaline the urine, which is associated
with higher levels of excretion of uric acid and
thus lower serum levels.

nitrites (molybdenum also used in
sulfite oxidase)

Evaluate alk phos; skin issues; taste
Acuity issues

Evaluate ferritin, TIBC, CBC markers
Diet journal

Evaluate bilirubin and GGT. Low
bilirubin and elevated GGT may
further indicate oxidative stress.
High CO2 levels can indicate
hyperalkalinity
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Uric Acid — Interfering factors
———

* Prolonged fasting can raise uric acid, as can nicotinic acid
(vitamin B3)



* Clinical Note: As with a number of other markers, the possibility of
decreased production but also decreased excretion could lead fo a
normal value on a blood chemistry, making thorough history taking of

R

the utmost importance.

Food Sources of Molybdenum

*

*
*
*

Animal products: pork, lamb, beef liver
Nuts/seeds — sunflower seeds
Vegetables: lentils, peas, lima beans
Grains: oats, buckwheat, sorghum



—

* Bilirubin is the byproduct of red blood cell breakdown.

* Serum bilirubin is a combination of direct (conjugated) and
indirect (unconjugated) bilirubin
* Normally, indirect bilirubin is approximately 70-85% of total bilirubin
* |f 50% or more is direct, hepatic/biliary obstruction is suspected

* |f less than 20% is direct, accelerated hemolysis (RBC breakdown)
or liver dysfunction is suspected

* Bilirubin is a major component of bile and gives it its green
pigmentation



—

* Bilirubin also functions as an antioxidant and thus may be decreased during
oxidative stress

* Because of this, low bilirubin has also been associated with increased risk of
cardiovascular disease and all cause mortality (death from all causes).
Elevated levels may increase mortality as well.

* Bilirubin may also increase insulin sensitivity and protect against future
diabetes

Traditional Reference Range
* 0.1-1.2 mg/dL

Optimal Reference Range
* 0.5-0.8 mg/dL



NADH
NADPH

0, Heme Biliverdin NAD*
oxygenase reductase NADP*

Bilirubin



Senescent red cells are a
major source of hemeproteins.

B 5reakdown of heme to bilirubin

endothelial system (tissue macro-
phages, spleen, and liver).

a5 }"‘“’_‘*"‘f"‘"{z 5 Ry i

occurs in macrophages of the reticulo-

Unconjugated bilirubin

is transported through
the blood (complexed to
albumin) to the liver.

' Conjugated bilirubin
INTESTINE

is actively secreted
into bile and then
the intestine.

In the intestine,
glucuronic acid is
removed by bacteria.
The resulting bilirubin
is converted to
urobilinogen.

Bilirubin is taken
up via facilitated
diffusion by the liver
and conjugated with

glucuronic acid.

‘ (BG|
/4 BG
7 GALLBLADDER -

- 4 o o d -

BLOOD VESSEL

x|

g The remainder of the urobilinogen
is transported by the blood to the
kidney, where it is converted to yellow
urobilin and excreted, giving urine its
characteristic color.

4

-0

A portion of this urobilinogen
participates in the enterohepatic
urobilinogen cycle.

KIDNEY

1

1

Some of the urobilinogen
is reabsorbed from the gut k

and enters the portal blood. | l To urine

) oy

Urobilinogen is oxidized
by intestinal bacteria to
the brown stercobilin.




Bilirubin - Elevated

Se=ii g =le Ak Excess red blood cell breakdown

increases bilirubin (indirect/

unconjugated).

H= el Aiteilen - The liver conjugates bilirubin. If the liveris Evaluate liver markers.

not functioning properly, indirect/

unconjugated bilirubin will be elevated.

Bile duct Bilirubin is cleared from the liver via the Evaluate alkaline phosphatase and
obstruction biliary ducts intfo the intestines. Thus if the GGT.

biliary ducts are obstructed,

conjugated/direct bilirubin will enter into

circulation.

e dedisr - Genetic cause of elevated bilirubin. Ask client if they have a history of
elevated bilirubin. If so, likely Gilbret’s




Bilirubin - Decreased

Cause Reason .

Oxidative stress Bilirubin can act as an antioxidant and thus, Evaluate uric acid and GGT as well.
oxidative stress may lower levels.

Zinc deficiency Biliverdin reductase is a zinc dependent Evaluate alkaline phosphatase.
enzyme and converts biliverdin to

bilirubin, thus leading to low bilirubin

levels.




Blood Urea Nitrogen (BUN)
e

* Blood Urea Nitrogen (BUN) is the excretory component of
protein and amino acid metabolism from the liver.

* Specifically, the liver removes amine groups (NH3) from amino
acids, which can create ammonia, which is toxic to the body.
Thus the liver synthesizes urea as a means of disposing excess
ammonia from the body.

* Urea enters circulation and is excreted via the kidneys.
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Excreted in urine
Copyriaght @ 2001 Bansamin Cumminas. an imprint of Addison Weaslay Lonaman. Inc.



Blood Urea Nitrogen (BUN)
e

Traditional Reference Range
* 5-26 mg/dL

Optimal Reference Range
* 12-17 mg/dL




Blood Urea Nitrogen - Elevated

Lllelabeiter=liarelisie s High protein diet leads to more amino Client history and diet journal.

acids, which leads to excess urea

production.

Hemoconcentration. Could be Evaluate other dehydration
secondary to hypoadrenal function. markers.

Kidney Because the kidney clears ureaq, if the Evaluate other kidney markers.

dysfunction kidneys are dysfunctional, urea will build
up in circulation.

Fatty Liver Mechanism unknown. One study demonstrated Evaluate other liver markers. Client
that individuals with non-alcoholic fatty liver had history.
elevated BUN.

Catabolic states Due to increased amino acid turnover, catabolic Client history.
states, such as extreme dieting, can cause
elevations in BUN.




Blood Urea Nitrogen - Decreased

Poor protein Urea is a byproduct of amino acid Client history. Gl symptoms and
Tpiel =0 elle=iteln | metabolism and as such, if protein is low  function.

or absorption due to intake, digestion or absorption,

BUN can be low.

Severe liver The liver is responsible for the urea cycle. Evaluate other liver markers.
disease If the liver is dysfunctional, it will not

adequately produce urea.

Possible Bé Vitamin Bé (pyridoxine) is responsible for Evaluate AST, ALT and Bé
deficiency transamination reactions, which is deficiency signs and symptomes.
necessary for non-essential amino acid

synthesis. Thus if B6 is low, urea may be

low as well.

Excess hydration Excessive hydration is difficult to attain due to

the body’s regulatory mechanisms. However

hormonal influences can impact this, such as the

adrenals and pituitary glands.




BUN/Albumin Ratio
e

+* The BUN/Albumin ratio has been used clinically to evaluate risk in
certain diseased population, such as those with pulmonary disease.

* However it may have clinical utility in a nutritional practice as BUN
can be elevated in dehydration and albumin can be decreased in
infection, inflammation, and liver dysfunction, thus increasing the
BUN/albumin rafio.

* No studies have been conducted using the BUN/albumin ratio in a

nutritional setting but using optimal values for each marker, it would
seem a value of <4.0 is desirable.




Bile Acids

Liver

* Traditionally understood to be

involved in emulsification of At
ingested fat, allowing
pancreatic enzymes (lipase, co- Stomach
lipase) to breakdown
tfriacylglycerols for absorption in o
the small intestine SRLCE

* Involved in the removal of desed
cholesterol, hormones, and py anoreas
toxins Pancreatic

duct

: Small

Duodenum / intestine



NADPH + H* NADP

oz \/
7a-hydroxylase (CYP7A1)
H “classic pathway” HO OH

cholesterol 7-hydroxycholesterol

“acidic pathway” | sterol 27-hydroxylase HSDB37
(CYP27A1)
sterol 12¢-hydroxylase
NADPH + H* oxysterol 7a-hydroxylase (CYP8B1)
0, (CYP78B1) NADPH + H*
2 CoA-SH 0,
2 CoA-SH
several steps
several steps several steps
propionyl-CoA
propionyl-CoA
OH
C—S—CoA ﬁ—S—CoA
1l
(@)
H OH HO OH
H H
chenodeoxycholyl-CoA cholyl-CoA



Cholesterol

LIVER

HO .

Cholic acid

Glycine Taurine

Glycocholic acid Taurocholic acid

INTESTINE

H Deoxycholic acid

Enterohepatic circulation

7a-Hydroxylase

' .‘ou

7o -Hydroxycholesterol

HO
H ‘
Glycine Chenodeoxycholic acid Taurine
Glycochenodeoxycholic acid Taurochenodeoxycholic acid

Bacterial Transformation
(Deconjugation and
7 oi-dehydroxylation)

T
HO

H Lithocholic acid

Feces

Primary
Bile Acids

Secondary
Bile Acids



E) Reabsorbed bile
salts are recycled by

Secreted bile salts

consist of 95% old, recycled

bile salts and 5% newly
synthesized bile salts.

enterohepatic
circulation.
Common
bile duct
Sphincter
of Oddi
Duodenum
Hepatic
portal
vein @ 5% of bile salts pancreas
are lost in feces.
KEY Ny~ . .
,\Termmal B 95% of bile salts
< = Enterohepatic

circulation of

. - ileum are reabsorbed by
) . the small intestine.
bile salts




Serum Bile Acids
—

* A decrease in hepatic blood flow, and/or hepato-celluar
damage, or any compromise in liver function will increase
serum bile acids

* Test for liver function, where as AST and ALT reflect liver tissue
destruction

* Will likely show liver dysfunction well before elevations in liver-
based enzymes

* Has highest sensitivity for early stage liver dysfucntion




Serum Bile Acids
—

* May be of benefit in identifying hepatic dysfunction as a result
of chemical or environmental injury

* /3% of patients exposed to organic solvents had increased TBA
(total bile acids), whereas GGT, ALT, AST, and bilirubin were only
elevated 8, 3, 2 and 1% respectively

* Useful in minor hepatic derangements




Bile Acids
-‘

* Traditional reference range:

* 4.7-24.5 umol/L (LabCorp)

* <19 nmol/mL (Mayo)

* <10 umol/L (obstetric cholestasis)
* Optimal reference range:

* 4.7-10 umol/L




Bile Acid - Elevated

Additional Inquir

Biliary tree Poor elimination of bile from the liver, Evaluate bilirubin, alkaline

dysfunction through the bile ducts, to the gall phosphatase, and/or GGT. If

bladder and intestines. elevated, may be biliary free
dysfunction.

LV el Aitale e Hepatic cholestasis, or blockages or liver ducts ~ Evaluate AST, ALT, albumin, BUN.
responsible for the transport of bile.

Decreased Gl Patient symptoms; slow transit time
motliti




Bile Acid - Decreased

Additional Inqui

Decreased bile Poor bile synthesis due to low Evaluate cholesterol, digestion,
synthesis cholesterol, low taurine/glycine, low and other liver markers.
reducing agents (NADPH), or liver
dysfunction.

Bile acid Significant digestive (ileal) dysfunction Patient history of digestive symptoms.

malabsorption

Increased GI motility Patient symptoms; increased transit time
test



Break Time.



Lipids




-‘

* Cholesterol, HDL-C, LDL-C, triglycerides
* Not valuable for identifying cardiovascular risk
* Low cholesterol is not associated with sex hormone levels

* Elevated cholesterol
* |Insulin, glucose dysregulation, low thyroid hormone



Lipids

e ] e
>?2

Cholesterol/ Insulin resistance
Triglyceride

Cholesterol/HDL ER€¢X¢ Cardiovascular disease

risk
Triglyceride/HDL [EeRs LDL Particle size
LDL/HDL >2.0 Inflammation, liver

dysfunction
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High Density Lipoprotein-Lipopolysaccharide Binding

Lowers HDL’s Basal Antioxidant Capacity

——

* |t has been established that HDL has a role in the innate
Immune system through its ability to sequester
lipopolysaccharide (LPS) or lipoteichoic acid (LTA) in the blood.
This sequestering prevents the endotoxins from binding to their
respective toll-like receptors and subsequently stimulating the
transcription of pro-inflammatory cytokines. Elevated HDL levels
are seen to attenuate sepsis by rapidly removing LPS molecules
from the blood.




High Density Lipoprotein-Lipopolysaccharide Binding

Lowers HDL’s Basal Antioxidant Capacity

——

* The anti-oxidative capacity of HDL was not observed in the
presence of LPS and elicited greater oxidative stress, possibly
due to increased LPS-HDL binding. This data suggest that the
anti-inflammatory effect of HDL may come at the cost of its
other biological functions. It also suggests that chronic low-
grade endotoxemia may counter the clinical significance of
HDL as a negative risk factor for cardiovascular and metabolic
disease disease.




Science Is moving toward particle
number and size, rather than
cholesterol numbers for heart disease
and Insulin resistance risk assessments.

(Heads will explode)



LDL-P is the measurement of
ipoprotein particles. (carriers)

LDL-C Is the measurement of
cholesterol mass within the LDL
oarticles.



Cholesterol is transported by lipoproteins in the blood
Cholesterol carried by low density lipoprotein (LDL) is associated
with increased risk of heart disease

The trucks represent LDL particles
The yellow sand represents cholesterol carried by LDL particles
Each truck (LDL) carries one ton of sand (cholesterol)

LDL cholesterol (LDL-C) is the number of tons of cholesterol carried
by all the trucks

LDL particle number (LDL-P) is the number of trucks

LDL-C is 5 (tons of sand) and LDL-P is 5 (number of trucks)

NTTDS / /wWwww docsopinion com/20 O)/70/Idl-cholesterol-na Ee-Nnumoer-nDa e-Sl7e-maaaée-eJd



Here are bigger trucks (larger LDL particles)
Each truck is carrying more sand (LDL cholesterol)

Each truck is carrying 5 tons of cholesterol
The total amount of cholesterol carried by the three trucks is 15
LDL-P (number of trucks) is 3

This is an example of discordance
LDL-C is high but LDL-P is low

NTTDS / /wWwww docsopinion com/20 O)/70/Idl-cholesterol-na Ee-Nnumoer-nDa e-Sl7e-maaaée-eJd



This patient has 10 small trucks (small LDL-particles)

Each truck only carries 0.2 tons of sand (LDL-cholesterol)
The 10 trucks together carry 2 tons of cholesterol
LDL-C is 2
LDL-P is 10
This is another type of discordance where LDL-C is low but

LDL-P is high

Nos: / /' www docsobpinion com/20 0/20/|dl-cholesterol-oarti




Moderate LDL-C and moderate LDL-P

High LDL-C and low LDL-P

£l E1 F]
£l E1 El

Low LDL-C and high LDL-P

httos: //www docsoninion com/2013/10/20/Idl-cholesterol-narticle-number-narticle-size-made-eqasy/



NMR LipoProf wSubCls+Graph
LDL Particle Number

LDL-P 1200 High nmol /L <100
Low <
Moderate 1000 -
Borderline-High 1300 -
High 1600 -
Very High >

Lipids

LDL-C 92 mg/dL 0 -
Optimal <
Above optimal 100 -
Borderline 130 -
High 160 -
Very high >

Comment :

LDL-C is inaccurate if patient is non-fasting.

HDL-C 57 mg/dL >39

Triglycerides 51 mg/dL 0 -

Cholesterol, Total 159 mg/dL 100 -

LDL and HDL Particles

HDL-P (Total) 36.6 umol /L >=30.5

0
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1299
1599
2000
2000

99
100
129
159
189
189

149
199

01
01

01

01

01
01
01
01
01



Small LDL-P 362 nmol /L <=527 01
LDL Size 20.8 nm >20.5 01

** INTERPRETATIVE INFORMATION**
PARTICLE CONCENTRATION AND SIZE
<--Lower CVD Risk Higher CVD Risk-->
LDL AND HDL PARTICLES Percentile in Reference Population

HDL-P (total) High 75th 50th 25th Low
>34.9 34.9 30.5 26.7 <26.7
Small LDL-P Low 25th 50th 75th High
<117 117 527 839 >839
LDL Size <-Large (Pattern A)-> <-Small (Pattern B) ->
23.0 20.6 20.5 19.0
Comment : 01

Small LDL-P and LDL Size are associated with CVD risk, but not after
LDL-P is taken into account.

These assays were developed and their performance characteristics
determined by LipoScience. These assays have not been cleared by the
US Food and Drug Administration. The clinical utility of these
laboratory values have not been fully established.



Insulin Resistance/Diab. Risk

Large VLDL-P 1.0
Small LDL-P 362
Large HDL-P 8.1
VLDL Size 40.8
LDL Size 20.8
HDL Size 9.4
Insulin Resistance Score

LP-IR Score <25

nmol /L

nmol /L

umol /L
nm
nm
nm

<=2.7
<=527
>=4 .8
<=46.6
>=20.8
>=9.2

INSULIN RESISTANCE / DIABETES RISK MARKERS

<--Insulin Sensitive

Large VLDL-P Low 25th
<0.9 0.9
Small LDL-P Low 25th
<117 117
Large HDL-P High 75th
>7.3 7.3
VLDL Size Small 25th
<42 .4 42 .4
LDL Size Large 75th
>21.2 21.2
HDL Size Large 75th
>9.6 9.6
Insulin Resistance Score
LP-IR SCORE Low 25th
<27 27

Insulin Resistant-->
Percentile in Reference Population

50th
2.7
50th
527
50th
4.8
50th
46 .6
50th
20.8
50th
9.2

50th
45

75th
6.9
75th
839
25th
3.1
75th
52.5
25th
20.4
25th
8.9

75th
63

High
>6.9
High
>839
Low
<3.1
Large
>52.5
Small
<20.4
Small
<8.9

High
>63

01
01
01
01
01
01
01
01
01



Lipid Lab Ranges

Cholesterol 145-199 Be Smart.
45-59 What happens when its
too highe
50-99 Parficle size will skew.

50-99




Quick word on dehydration




Dehydration
——

* Hemoconcenitration: albumin, BUN, Na, K, RBC/Hgb/Hct

* Check specific gravity on a urinalysis:
* Reference range: 1.005-1.030

* If low-normal = dilute urine - losing water > might be dehydrated
despite drinking adequate amounts of water.

* |f high-normal = concentrated urine - not drinking enough water

* Also calculate serum osmolarity



Oxidative Stress




Oxidative Stress
-‘

* Oxidative stress has been linked to heart disease, cancer,
rheumatoid arthritis, hypertension, Alzheimer’s disease, and
Parkinson'’s disease, and much more




Oxidative Stress
-‘

* Linked to inflammation and production of proinflammatory
cytokines

* Cytokines linked to diseases as well (osteoporosis, diabetes)




Free Radicals
——

* Oxidative stress Is caused by excessive production of free
radicals from oxygen (ROS) and nitrogen (RNS)

* Atfoms, molecules or ions with unpaired electrons
* Highly reactive

Stable Molecule Free Radical Missing
Nucleus




Free Radicals

* Examples include:
* Hydroxyl radical (OH)
* Peroxyl radical (ROO)
* Superoxide radical (O2-)

* Nifric oxide (NO),
peroxynitrite (ONOO-),

and NO2 HEALTHY FREE ANTIOXIDANTS
ATOMS RADICALS




HEALTHY FREE ANTIOXIDANTS
ATOMS RADICALS



Fats Carbohydrates Proteins
|
l B1, B2, B3, B5, Lipoate
v \4

FA, Cholesterol, Glucose & Other Sugars Amino Acids

Glycerol /
\ P N | - A

Carnitine A B1, B2, B3, B5, Lipoate

~a
P

xaloacetate Citrate
Asp 4 /
B3 . .
; cis-Aconitate
. Glu
Malate Cysteine, Fe*+ His
’ Isocitrgte Arg
Tyr Fumarate Pro
phe > \ B3, Mg 'MW Gln
B2 i "}9 sglutdrate
\ B1, B2, B3, B5, Lipoate
Succinate NADH Leu
\ N lle
— Val
Met
FADH2
H20

Reactive oxygen species

<€

- 0.4-4.0% of oxygen is converted to
the superoxide (O2-) radical.

-  Mitochondrial damage leads to

more ROS, causing damage to

mitochondrial DNA
H+ H+ H+

ATP
Synthase

— 1

I Ul v

- uuuwu& €28 ©€e | ee

e e‘hc II Aaeﬂ@ o lelell B el
NAD+ NADH
FAD
(02-) O ADP + Pi

(Selenium)

.

v/—\ H202

GSSG GSH

* Manganese SOD and copper/zinc SOD



Causes of Free Radicals

* lonizing radiation W)V} pathways of Oxidative Stress
+* UV radiation

* Metabolism (mitochondria)

* Xenobiotics (pollution, toxin) ,

* Inflammation
* Medications
* Diet

* Stress

* Exercise




Conventional Markers of Oxidative Stress

Organelle Biomarker activity

Nucleus

Mitochondria

Endoplasmic reticulum and golgi
Plasma

Total cellular constituents

8-hydroxy deoxyguanosine
Catalase, Cu/Zn SOD, Mn-SOD
PEG-SOD, F2-isoprostanes, HNE
TBARS, CUPRAC, 8-iso-PGF(2a), LHP
Cytokines, chaperones, teleomeres






Three Makers of Oxidative Stress

* Uric Acid
* GGT
* Bilirubin




o976 Diabetes Volume 63, March 2014

Elisa Fabbrini,* Mauro Serafini? Irena Colic Baric? Stanley L. Hazen® and Samuel Klein®

Effect of Plasma Uric Acid on
Antioxidant Capacity, Oxidative
Stress, and Insulin Sensitivity in
Obese Subjects

We found that a marked decrease in serum UA levels caused a decrease in serum
and saliva antfioxidant capacity, assessed by TRAP and FRAP assays, and an
iIncrease in oxidative stress, assessed by measuring urinary isoprostanes and skeletal
muscle protein carbonylation.

It is possible that an increase in UA concentration is a protective mechanism to
attenuate the adverse effects of an increase in oxidative stress.

——

ey —
20-90% greater NEAC, but lower nsulin sensitivity adipocytes (4).

(40%) and levels of markers of oxidative stress (30%) Uric acid (UA) is a powerful scavenger of free radicals

than subjects in the NUA group (all P < 0.05). Acute  and provides ~ 60% of free radical scavenging capadity in

UA reduction caused a 45-95% decrease in NEAC
and a 25-40% increase in levels of systemic and
muscle markers of oxidative stress (all P < 0.05), but
did not affect insulin sensitivity (from 168 = 25% to
156 = 17%, P = NS). These results demonstrate that
circulating UA is a major antioxidant and might help
protect against free-radical oxidative damage.

plasma (6). Although the antioxidant effect of UA sug
gests that it might have therapeutic effects, high serum
UA concentration is associated with obesity and insulin
resistance (7,8), and hyperuricemia has even been pro
posed as a component of the metabolic syndrome (9).
However, it is possible that this increase in circulating
levels of UA represents an adaptive response to protect
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Elevated Serum Uric Acid Is Associated with
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Abstract

Background and objective

Previous studies have suggested a positive link between serum urnic acid (UA) and bone
mineral density (BMD). In this study, we re-examined the association between UA and BMD
and furher explored whether this was mediated by skeletal muscle mass in a general Chi-
nese populaton.

Method

This commu nity-based cross-sectiona study was conducted among 3079 (963 men and
2116 women) Chinese adults aged 40-75 years. Face-to-face interviews and laboratory
analyses were performed to determine serum UA and various covanates. Dual-energy X-
ray absorptiometry was used to assess the BMD and appendicular skeletal muscle mass.
The skaletal muscle mass index (SMl = ASMWHeight®, kg/m?) for the total limbs, arms, and
legs was then calculated

Results

The serum UA was graded and, in general, was significantly and positively associated with
the BMD and muscle mass, after adjustment for mutiple covariates in the total sample.

Natonal Natuml Sgence Foundaton of China (No.
$1273049, 81072298) and e 5010 Progmm for
Cincal Ressarches by T Sun Yatsen Univergty.

Competing Interests: The suthom have dedamd
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Compared with participants in lowest quartile of UA, those participants in highest quartile
showed a 2.3% (whole body), 4.1% (lumbar spine), 2.4%(total hip), and 2.0% (femoral neck)
greater BMDs. The mean SMis in the highest (vs. lowest) quartile increased by 2.7% (total),
2.5% (arm), 2.7% (leg) respectively. In addition, path analysis suggested that the favorable
association between UA and BMD might be mediated by increasing SMI.

PLOS ONE| DOI:10.1371/joumal. pone 0154602  May 4,2016 1/12
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Serum uric acid levels in patients with myasthenia gravis are
inversely correlated with disability

Dehao Yang™*, Yiyun Weng®*, Haihua Lin®, Feiyan Xie®, Fang Yin®,
Kangliang Lou®, Xuan Zhou®, Yixiang Han®, Xiang Li* and Xu Zhang*

Uric acid (UA), the final product of purine metabadlism, has
been reported to be reduced in patients with various
neurological disorders and is considered to be a possible
indicator for monitoring hdubllymd mbn of
muiltiple scl. is. H 3

throlslelourdti ship bety UA and stheni

progression (P=0013). However, UA levels did not
corelate significantly with disease duration age of onset,
and thymus histalogy Our findings suggest that serum level
of UA was reduced in patients with MG and serum UA might
be considered a surrogate biomarker of MG disability and

wuucx«mmuanmn»mm«
db of its peroxynitrite scavenging
ldlvh.W.' stigated the correlation bet serum UA

prog jon. NeuroReport 27:301-305 Copyright © 2016
Wolters Kluwer Health, Inc. Al rights reserved.

NewoReport 2014 27:301-308

levels and the clinical characteristics of MG We d
338 serum UA levels obtained in 135 patients with MG, 47
patients with multiple sclerosis, and 156 healthy controls. In
addition we compared serum UA levels when MG patients
were stratified according to disease activity and
classifications performed by the Myasthenia Gravis
Foundation of America, age of onset, duration, and thymus
histology (by of MRI or ted tomography). MG
patients had significantly lower serum UA levels than the
controls (P < 0.001). Moreover, UA levels in patients with MG
were inversely comrelated with disease actiity and disease

Introduction

Myasthenia gravis (MG), @used by autoantibodics
against the acetylcholine recepor (AChR) on the post-
synaptic membrane at the neummuscular juncion, is an
acquired autoimmune discase characterized by a defec-
tive tmnsmission of nerve impulses © muscles [1]
Accumulating dat have implicated oxidative stress in the
immunopathogenesis of neuromuscular discases [2,3].

As the final product of the common pathway of purne
metabolism, uric acid (UA) is a naturally occuring anti-
oxidant, with mewl-chelating properties [4] Previous
studies have reported that UA can scavenge nitrogen
radicals and supemxide, thus helping w block the gen-
craton of the swong oxidant permoxynimite [5])
Peroxynitnte cxerts toxic offects and irrevensibly jeo-
pandizes cellular metabolism and cell structures, includ-
ing lipids, carbohydrates, protein, and DNAs [6]. Sevenl
studies have identified a therspeutic wle of UA in
expenmental allergic encephalomyelitis and a beneficial
functon for increasing serum UA levels in multiple

The & an openaccess artice devbuied under e oms of e Creatwe
Commore Asrbusion-Non Commenial No Dedwatves Licerse 4.0 ICCRYNC-
ND). wham it is pomssbio 10 download and sham the work provided it 8 propaerdy
cited The wok cannat be changed in any way or used commercially.
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sclerosis (MS) patients [7,8]. Furthemmore, UA might be a
surrogate marker for monitoring MS activity [9].

Therefore, the aim of this sudy was to investigate
whether the serum UA levels were decreased in MG
patients and whether the decrease was associated with
disease disability and progression.

Patients and methods

Serum samples were collected from 338 individuals 135
patients with MG, 47 patents with MS, and 156 healthy
controls (CTL). Venous blood was dmwn from an ante-
cubital vein in the moming after an ovemight fast to
measure the concentration of serum UA using a Clinical
Analyzer Beckman Coulter AUSS3 1 (Beckman Coulter,
Brea, California, USA), In our hospital, the nomal
mnge of scrum UA values is 208428 uM for men and
155-357 uM for women. Simultancously, concentrations
of glutamate-pyruvate tansaminase (normal mnge:
9-S50pM for men, 7-40puM for women), glutamic—
oxaloacetic tmnsaminase (nomnal range:  15-40pM,
13-35 uM for women), blood fasting sugar, and blood urea
nitrogen were also measured using an enzymatic method
on the same analyzer.

DOE: 101087/ WNR 0000000000000538




Uric Acid ROS Summary
—

* Elevated uric acid is associated with a number of conditions
(i.e. hypertension, cardiovascular disease)

* Elevated uric acid is also associated with increased Total
Antioxidant Capacity (TAC)

* Elevated uric acid can be due to fructose and alcohol
consumption, dietary purine consumption, hyperinsulinemia, or
poor renal clearance of UA

* Elevated uric acid may indicate oxidative stress, and an
attempt to attenuate oxidative stress by the body




Uric Acid ROS Summary
e

* Decreased uric acid, on the other hand, may indicate
unchecked oxidative stress
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URIC ACID: THE OXIDANT-ANTIOXIDANT PARADOX

Yuri Y. Sautin and Richard J. Johnson
Division of Nephrology, Hypertension and Transplantation, Department of Medicine, University of
Florida, Gainesville, Florida, USA

jduosnuely Joyny Vd-HIN

Abstract

Uric acid, despite being a major antioxidant in the human plasma, both correlates
and predicts development of obesity, hypertension, and cardiovascular disease,
conditions associated with oxidative stress. While one explanation for this paradox
could be that arise in uric acid represents an attempted protective response by
the host, we review the evidence that uric acid may function either as an
anfioxidant (primarily in plasma) or pro-oxidant (primarily within the cell).

The presence of ascorbic acid in the plasma is required for the antioxidant effect of
uric acid. (lipid peroxidation)

Uric acid cannot scavenge all radicals, with superoxide as an example.

Un e ower nana, a vast on me ep =y o1
hypertension, and metabol: drome overwhelmingly shows that. at least among modem
Homo sapiens, a igh level of uric acid is strongly associated and in many cases predicts
development of hypertension [5-7] visceral obesity.[8-10] msulin resistance [8,11,12]
dyslipidemia,[8,11-13] diabetes type II[11] kidney disease,[6] and cardiovascular and

;dyosnt'
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Uric Acid + ROS
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Traditional Reference range:
* 3.4-7.0 mg/dL (men)
* 2.4-6.0 mg/dL (women)
Optimal Reference Range:
* 3.7-5.5 mg/dL (men)
* 3.2-4.4 mg/dL (women)
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URIC ACID AND GLUTATHIONE LEVELS DURING
SHORT-TERM WHOLE BODY COLD EXPOSURE

WERNER G. S1EMS,* FREDERIK J. G. M. VAN KUUK,? RALPH MAASS," and RAINER BRENKE'

*Institute of Biochemistry and "Clinics of Physiotherapy, Medical Faculty (Charite), Humboldt University, Berlin, Germany;
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Ahatrart __Ton haalthy cuhincts whn owim resulariy in e rnld water durine the winter (wintar cwimmine)l were sualaated

Ten healthy subjects who swim regularly in ice-cold water during the winter (winter
swimming), were evaluated before and after this short-term whole body exposure.
A drastic decrease in plasma uric acid concentration was observed during and
following the exposure to the cold stimulus. We hypothesize that the uric acid
decrease can be caused by its consumption after formation of oxygen radicals. In
addition, the erythrocytic level of oxidized glutathione and the ratfio of oxidized
glutathione/total glutathione also increased following cold exposure, which
supports this hypothesis.

cases, and infectious discases, but also to lability of the ‘n";d Mlﬂon—'e (GSH), and uidiu“ —d "m_ﬁw"e '
central nervous system. The negative results of natu- (5663 in red blood cells of winter swimmers were

ral stimulator deficiency can be partly prevented by
exercise and “hardening,” which play an important
role in physiotherapy. The exposure to an intensive
short-term cold stimulus like swimming in cold water

measured before and after cold stimulus,

of lakes or rivers, especially during winter, has been MATERIALS AND METHODS
used fi one fqrm of body hardening for many In Berlin, one winter swimmer club has been flour-
years.”* Hardening means exposure against a natural, ishing for several years. The members are not selected

¢.g., thermic stimulus, resulting in an increased resis- in any way and all swim regularly outdoors in ice-cold

water. Their activities start in the fall, and members
swim at least once per week for about 5§ min in ice-
Address : Wi G.S H i .
e R theononce 1o: Sacac - Mot herzogluliHos cold water. Sometimes, ice on the lake has 1o be re-
D-38655 Bad Harzburg, G y dd; moved to allow them to swim.
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Gamma-glutamyltransferase predicts increased risk of mortality: A systematic
review and meta-analysis of prospective observational studies

Y. Long', F. Zeng?, J. Shi** H. Tian® & T. Chen®

‘Laboratory of Endocrinology and Metabolism, West China Hospital of Sichuan University, Chengdu, Sichuan, P. R. China,
Department of Endocrinology, Dazhou Integrat ed Traditional Chinese and Western Medicine Hospital, Daghow, Sichuan, P. R. China, and
Department of Endocrinology and M dabolism, West China Hospital of Sichuan University, Chengdu, Sichuan, P. R. China

Abstract

The aim of this study was to evaluate the association between gamma-glutamyltransferase (GGT) and mortality through a comprehensive
analysis of existing evidence. PubMed, Embase, Chinese Biomedical Literature, and Science Citation Index databases were electronically
searched. Studies were included if the study design was prospective and included reference and at-risk levels of GGT st baseline and mos-
tality as a separate outcome. The quality of the studies included was assessed on the basis of Newcastle-Ottawa scale. Duta from selected
qualified studies were systematically reviewed, pooled, and analyzed according to the MOOSE guidelines and PRISMA statement. The
results included the followine: 1. 35 studies including 571 511 participants and 72 196 cases of mortality: 2. GGT. even at physiologic

The results included the following:

1. 35 studies including 571 511 participants and 72 196 cases of mortality;

2. GGI, even at physiologic levels, was associated with increased all-cause
mortality and cardiovascular mortality, and might also be associated with

e onOS 19415

cancer-related mortality in the general population

Free Radic Res D

Tial tissues [1]. GGT plays key roles in catabolism and

synthesis of glutathione (GSH), the most important non-
prokein antioxidant outside the cell [1]. Changes in GGT
are accompanied by an allered status of oxidative stress,
a suggested common soil of many modern chronic dis-
eases, such as metabolic syndrome [2], type 2 diabetes
mellitus [3], hypertension [4], cancer [5]. and cardiovas-
cular diseases [6].

GGT was introduced to clinical laboratories nearly half
a century ago and has become recognized as a biomarker
of liver injury and alcohol consumption [1]. It was not
until the 1990s that published studies began to suggest that
GGT predicted death not only from alcohol-related illness
but also from myocardial infarction, pointing out that
GGT was an independent predictor of death and not merely
a marker of alcohol consumption [1]. Lately, GGT has
even been suggested to be a biomarker of transition across

tions (especially alcoholics), and have considered GGT
as a marker of alcohol consumption [ 1], which limited the
understanding of GGT and mortality. In recent decades,
plenty of prospective observational studies have been
published. Most of these studies recruited more repre-
sentable populations (e.g.. free-living residence, patients
with cardiovascular diseases or type 2 diabetes mellitus),
some of which investigated the association between
GGT and cause-specific death (e.g., cardiovascular death,
cancer-related death). An increasing body of evidence
has made it possible to perform a systemic analysis of the
relationship between GGT and mortality. To this end, this
study searched published data with prospective design
on GGT and mortality and comprehensively analyzed
their potential association following the guidelines of the
Meta-Analysis of Observational Studies in Epidemiology
(MOOSE) [8].
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Correspondence: Tao Chen, Department of Endocrinology and Metabolism, West China Hospital, Sichuan University, 37 GuoXue Street,
Chengdu, Sichuan 610041, P. R. China. Tel: +86-15208203878. Fax: +86 28 85423459, E-mail: dr.chentao@gmail.com or
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Review

Elevated serum vy-glutamyltransferase activity is associated
with increased risk of mortality, incident type 2 diabetes,
cardiovascular events, chronic kidney disease and

cancer — a narrative review

Glovanni Targher*

Section of Endocrinology, Department of Biomedical and
Surgical Sciences, University of Verona,
Verona, Italy

Several population based cohort studies have consistently shown that increased
serum GGT activity, even high normal values within the reference range, |
associated with an increased risk of major vascular and non-vascular outcomes
(especially incident type 2 diabetes and CVD morbidity and mortality) in both men
and women, in different ethnic groups and among self-reported non-drinkers.

that are within the high-normal range. in nsk prediction of
incident type 2 diabetes, cardiovascular events, chronic kid-
ney disease (CKD) or cancer, independent of alcohol con-
sumption and other prognostic factors,

Keywords: cancer: cards lar di hronic kidney
discasc; diabetes; cpidemiology; y-glutamyltransferase.

Introduction

Serum y-glutamylransferase (GGT) enzyme activity has
long been used as a reliable marker of liver dysfunction and
excessive alcohol intake (1). However, in recent years our
knowledge of the physiological functions of this enzyme has
expanded and several important epidemiological associations
have been reported.

This review cntically appraises studies examining the
prognostic value of scrum GGT enzyme activity, even values

‘Com'smdlng mﬂn‘ Dr. Giovanni Tlrgtm Sccum uf
Endocrinology, I of B Surgical Sciences,
University of Vean Ospedale Civile Maggiore, Piazzak Stefani,
1. 37126 Verona. ltaly

Phone: +39-045-8123748, Fax: +39-045-8027314,

E-mail: giovanni targher@univr.it

Received July 24, 2009; accepted September 18, 2000;
previously published online November 30, 2009

not only secures aht to the

also modifies its catalytic activity. There are up to eight
potential sites for glycosylation, and the protein is heavily
glycosylated with considerable heterogeneity (1-4). GGT
does not have isocnzymes in the sensc of proteins with dif-
ferent amino acid sequence but with the same catalytic func-
tion. However, there are a vancty of GGT isoforms that
differ in their carbohydrate comcm or structure (2-4). These
isoforms may be scp d by clectroph isoclectnc

focusing, or by lectin-affinity chromatography. Much of the
vanation in clectrophoretic mobility is due to the association
of the isoforms with lipoproteins or immunoglobulin A (1).
Indeed, several multiple forms of GGT have been described
in serum. Most of l.hclc are large complcxa bclwecn the

enzyme and circul A
Approximately 60%— SM uf the lmal GGT i xn sera from
with hepatobiliary is d with lipo-

proteins. One dominant form of GGT is complexed with
high-density lipoproteins (HDLs); a small, hydrophilic, form
is also present in manor amounts (1).

GGT activity vanies considerably between normal tissues
and duning stages of embryonic development. Hanigan and
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Here, we examine the relationship of GGT to other serum markers such as serum
ferritin (SF) levels, and we suggest a link fo exposure to environmental and
endogenous toxins, resulting in oxidative and nitrosative stress.

GGT is an early predictive marker for atherosclerosis, heart failure, arterial stiffness
and plague, gestational diabetes, and various liver diseases, including viral
hepatitis, other infectious diseases, and several life-threatening cancers.

1. Introduction

A comprehensive review by Whitfield in 2001 [1] described
GGT in its traditional role as a marker of liver dysfunction
bile duct conditions, and alcohol consumption. Some gen
eralized or summary medical and scientific literature still
describe GGT in those terms [2]. However, Whitfield had
already extended that description to include elevated GGT
in association with risk of coronary heart disease, type-11
diabetes (T2D), and stroke [1]. Although gamma-glutamyl
compounds include antioxidants, inflammatory molecules,
drug metabolites, and neuroreactive compounds [3], the
major function of GGT is enabling metabolism of glutathione
and glutathionylated xenobiotics. However, elevated GGT
levels, as noted by Whitfield and others, contribute to
prooxidant activity, particularly in the presence of iron or
copper [4, 5]. When GGT levels are elevated, damage to
red blood cell membranes can occur causing the release of

these potentially toxic transition metals, which can further
result in chain, prooxidant reactions [6]. Increased levels of
prooxidation can lead to downstream cell, tissue, and DNA
damage caused by oxidative and nitrosative stress and the
generation of deleterious reactive oxygen species or nitric
oxide (ROS or NO) [7]. This combination of factors is
observed with increasing frequency in many chronic diseases.
Other investigators have added many newly identified GGT-
related diseases and conditions to a rapidly growing list that
very recently was modified by Sreeram et al. [8] to even
include GGT as a marker for oxidative stress in periodontal
disease

In this paper, we review an extensive research literature
on GGT as a marker for disease. Not only do we demonstrate
strong potential for GGT to predict later disease risk, but
we also show variations in GGT levels among different
population groups (gender, ethnic, and regional) and show
evidence of temporal upward trends in population level GGT

v
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We hypothesize that GGT IS a morker for glu’ro’rhlone depletion in the liver and
that elevations in GGT reflect increased exposure to organic xenobiotics that are
metabolized in the liver through glutathionylation.

We note that the population-wide level of GGT has been steadily increasing over
time in the last three decades in the US and two decades in Korea. Several studies
indicate this upward trend has affected other populations, including Europe, as
well.

We suspect this may be indicative of increased exposure to environmental
xenobiofics, especially POPs, as well as increased body iron burden.

major function of GGT is enabling metabolism of glutathione In this paper, we review an extensive research literature '
nd glulathmnvla( ed xenobiotics. However, elev: icd (‘<’T on GGT as a marker fo I'd.ISl‘lK‘ Not only do we d.-.mo nstrate
s noted by \\hn eld and othe bute ; is ¥

| xidant activity, } ularly in the p in G evels a i
copper [4, 5]. Whe l levels are elevated, damage to population u‘r\vur\\ (gender ethnic, and regional) and show
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The prevalence of several other clinical symptoms are correlated with GGT,
including hypertension, insulin resistance, artery calcification, and albuminuria, as
well as biological markers including lipids, creatine, triglycerides, uric acid, HbAlc,
and hs-CRP. In many cases, GGT is a stronger predictor of disease risk than these
other symptoms and markers.

cancers. We review Iiterature both from the medical sciences and from life de d that

serum GGT 1s a supertor marker for future disease risk, when compared against multtple other known mortality risk factors.

1. Introduction

A comprehensive review by Whitfield in 2001 [1] described
GGT in its traditional role as a marker of liver dysfunction,
bile duct condits and alcohol o ption. Some gen-
eralized or medical and scientific literature still
describe GGT in those terms [2]. However, Whitfield had
already extended that description to include elevated GGT
in association with risk of coronary heart disease, type-11
diabetes (T2D), and stroke [1]. Although gamma-ghtamyl
compounds include antioxidants, inflammatory molecules,
drug bolites, and tive ds [3], the
major function of GGT is enabling bolism of glutath

and glutathionylated xenobiotics. However, clevated GGT
levels, as noted by Whitfield and others, contribute to
prooxidant activity, particularly in the presence of iron or
copper [4, 5. When GGT levels are elevated, damage to
red blood cell membranes can occur causing the release of

these potentially toxic transition metals, which can further
result in chain, prooxidant reactions [6]. Increased levels of
prooxidation can lead to downstream cell, tissue, and DNA
damage caused by oxidative and nitrosative stress and the
generation of deleterious reactive n species or nitric
oxide (ROS or NO) [7]. This combination of factors is
observed with increasing frequency in many chronic diseases.
Other investigators have added many newly identified GGT-
related diseases and conditions to a rapidly growing list that
very recently was modified by Sreeram et al. [8] to even
include GGT as a marker for oxidative stress in periodontal
disease.

In this paper, we review an extensive research literature
on GGT as a marker for disease. Not only do we demonstrate
strong potential for GGT to predict later disease risk, but
we also show variations in GGT levels among different
population groups (gender, ethnic, and regional) and show
evidence of temporal upward trends in lation level GGT

ey
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Low anfioxidant defenses are also correlated with elevated GGT, particularly
reduced levels of glutathione. GGT is needed to metabolize glutathionylated
xenobiotics in the liver and multfiple other tissue sites including the lungs, and this is a
simple explanation for its elevation in association with increased exposure to
xenobiotics. GGT induces oxidative stress in the artery wall in the presence of free
iron, and GGT also likely is an indicator of depleted supply of glutathione,
especially in the liver, which leads to a cascade of problems related to increased

GGT in its traditional role as a marker of liver dysfunction,
bile duct conditions, and alcohol consumption. Some gen
eralized or summary medical and scientific literature still
describe GGT in those terms [2]. However, Whitfield had
already extended that description to include elevated GGT
in association with risk of coronary heart disease, type-11
diabetes (T2D), and stroke [1]. Although gamma-glutamyl
compounds include antioxidants, inflammatory molecules,
drug metabolites, and neuroreactive compounds [3], the
major function of GGT is enabling metabolism of glutathione
and glutathionylated xenobiotics. However, elevated GGT
levels, as noted by Whitfield and others, contribute to
prooxidant activity, particularly in the presence of iron or
copper [4, 5]. When GGT levels are elevated, damage to
red blood cell membranes can occur causing the release of

damage caused by oxidative and nitrosative stress and the
g jon of del ygen species or nitric
oxide (ROS or NO) [7]. This combination of factors is
observed with increasing frequency in many chronic diseases.
Other investigators have added many newly identified GGT-
related diseases and conditions to a rapidly growing list that
very recently was modified by Sreeram et al [8] to even
include GGT as a marker for oxidative stress in periodontal
disease

In this paper, we review an extensive research literature
on GGT as a marker for disease. Not only do we demonstrate
strong potential for GGT to predict later disease risk, but
we also show variations in GGT levels among different
population groups (gender, ethnic, and regional) and show
evidence of temporal upward trends in population level GGT
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Traditional Reference Range
* 0-65 IU/L

Optimal Reference Range
* 12-24 1U/L (Men)
* 10-22 IU/L (Women)
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Glutathione catabolism as a signaling mechanism
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Abstract

Glutathione (GSH) s the main intracellular thiol antioxidant, and as such paricipates in a number of cellular antitoxic and defensive
functions, Nevertheless, non-antioxidans functions of GSH have also been decribed, ¢.g. in modulation of cell proliferation and immune
resnonse. Recent studies from our and other laborstories have nrovided evidence for a third functional asnect of GSH._ i e the nroovidant

Recent studies from our and other laboratories have provided evidence for a third
functional aspect of GSH, i..e the prooxidant roles played by molecular species
originating during its catabolism by the membrane ectoenzyme g-glutamy!
transpeptidase (GGT)

The prooxidant reactions induced by GSH catabolism appear to represent a novel,
as yet unrecognized mechanism for modulation of cellular signal transduction.

physiological wle of some established “antioxidants™ also are produced during GSH catabolism, as a result of the

is in need of careful reconsideration. Glutathione (GSH)— interaction of GSH metabolites—cysteinyl-glycine in the

perhaps the best known cellular antioxidant—appears an first place—with trce levels of iron ions present in the cell

ideal candidate in this perspective. The antioxidant role of environment. The interaction of these GSH/GGT-derived

GSH is readily apparent in detoxification of electrophi lic/ prooxidants several intra- and extracellular targets is

oxidizing drugs and protection from lipid peroxidation. responsible for appreciable modulatory effects on the
signal transduction chains.

“Comespanding author. Tel: +39.50.554.851 ; fax: +39.50.554.929.
E-maid addresx apampella@hime dumpi & (A, Pompella).
Abbrevigtions: AP-1, acivator prowin-l; AT-125, acivicis ECL, L GSH, GGT and iron reduction
erhanced chemiliminescence; EMSA. elcrupharess mohility shift
—aiy; OUT, ffionot Sxnpanidus; fyaly. §sestairons ORI y-Glutamyl trpspeptidase (E.C. 23.2.2) is normally

guatione; GSHDME, ghathione dimethyl eser; NFxB, nuckar : - r
facsor-B; PARP, poly(ADP-rivane) polymerae; PP protin phosphatase:; found in serum, and is expressed by a wide range of normal

ROS, reactive oxygen species; TNFR1, mumer necrosis faciora recepior 1. cell types [12] as well as in a number of rrq:ulasu'c cell
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* GGT produces cysteinyl glycine as a product of the
decomposition of glutathione, and this dipeptide reacts with
free iron to induce the Fenton reaction and subseqguent
production of superoxide, a well-established reactive oxygen
species (ROS).



—

* Elevated GGT levels, conftribute 1o prooxidant activity,
particularly in the presence of iron or copper.

* When GGT levels are elevated, damage to red blood cell
membranes can occur causing the release of these potentially
toxic fransition metals, which can further result in chain,
prooxidant reactions.
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Supplement Facts
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Servings Per Container: 50

Amount per Serving % Daily Value
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Reduced Glutathione 100mg t

Phosphatidylcholine (from 84mg T
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Curcumin Attenuates Iron Accumulation and
Oxidative Stress in the Liver and Spleen of
Chronic Iron-Overloaded Rats

Farid A. Badria' *, Ahmed S. Ibrahim® Adel F. Badra®*, Ahmed A. Eimarakby®

1 Depanment of Pharmacognosy, Facully of Pharmacy, Mansoura Universty, Mansoum 35516, Egypt
2 Depasment of Biochemisty and Clinical Biochemistry, Faculty of Pharmacy. Mansowra University

Our study suggests that curcumin may represent a new horizon in managing iron
overload-induced toxicity as well as in pathological diseases characterized by
hepatic iron accumulation such as thalassemia, sickle cell anemia, and
myelodysplastic syndromes, reduced oxidative stress derived lipid peroxide, possibly
via iron chelationation and improving the body endogenous antfioxidant defense
mechanism.

Although Zn%* showed little binding affinity to curcumin, Cu?* and Fe?* appeared to
bind at least two curcumin molecules.

This raises the possibility that curcumin could provide beneficial antioxidant effects
during chronic iron overload beyond its role as an iron-chelating agent, such as the

possession of antioxidant property.

Funding: The sutom mosved no spedfichndng  cantly decreased in chronic iron overload and administration of curcumin restored the '
for e wok decreasa in the hepatic and splenic antioxidant activities/levels.

Competing Intevests: The suthom have dadasd
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Gamma-Glutamyltransferase (GGT)
——

Traditional Reference Range
* 0-65 IU/L

Optimal Reference Range
* 12-24 1U/L (Men)
* 10-22 IU/L (Women)
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* Bilirubin also functions as an antioxidant and thus may be decreased
during oxidative stress

* Bilirubin appears 1o be the most potent antioxidant against lipid
peroxides
* Glutathione is hydrophilic

* Because of this, low bilirubin has also been associated with increased
risk of cardiovascular disease and all cause mortality (death from all
causes). Elevated levels may increase mortality as well.

* Bilirubin may also increase insulin sensitivity and protect against future
diabetes
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Serum total bilirubin is inversely associated with brachial-ankle
L« pulse wave velocity in men with hypertension
Zheng-Yun Zhang * Lu<Qin Bian * Sae-Young Jae -
Ji-Dong Sung - Yoon-Ho Choi
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Abstract Selum u:ul tnhmhu has been -unulnl to  haPWV (R* = 00032, P = 0.003) and C-reactive protein
have the p fl y and (CRP) (corrclation cocfficient = —(0.13, P < 0.001). A
Abstrac cffects on the vasculature. This study was designed to 0.1 mg/dl increase in bilirubin was associated with a 19,
investigate the association of bilirubin with brachial-ankle 20, and 3 % roduced odds ratio for baPWV above the
Backgro whewnvcvelocny(hPWV) lmnrhadmeni mffues S0th, 75th, and 95th percentiles, respectively [odds ratio
the proc/ md cardio 1 Hyp male (OR) 0.77 (95 % confidence interval (Cl) 0.62-0.95),
and core = 2361) were classifiad into groups according m the P = 0015 OR0.80 (95 % C1 0.64-0.9), P = 0.044: OR
carond 3 SOth.?Sth.lml%th percentiles of baPWV value. Come- .68 (95 % CI 045-1.00), P = 0.048, respeatively) after
T" lation and regression analysis ware usad to assess the djmmfatvadmnnﬂeamssnﬂymm
‘"ﬂ"" rclationship baween baPWV  and  other  vanabl an inverse betw bilirubin and
"‘"l - Hypertensive subjects with baPWV above the SOth, 75th,  baPWV in hypertensive men. Additionally, reduced CRP
sublingy and 95th percentiles had a significantly lower bilirubin  may be one of mediators on the hani how bilirubin
Ramilin: level than those with baPWV under them (0.97 = 040 vs.  meduces baPW V.
centratic 100 £ 041 mg/dl, P<0.001: 095+ 039 vs. 099 £
Q6+5. 041 mg/dl, P = 0,001 0.92 £ 036 vs. 0.9 £+ 042 mg/dl, Keywords Scrum total bilirubin - C-reactive protan
centratic P = 0.48, respectively). Bilirubin is inversely rddated to (CRP) - Brachial-ankle pulse wave velocity (haPWV) -
significa Artenal stiffness - Hypertension
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Impact of serum bilirubin levels on carotid atherosclerosis in patients

with coronary artery disease

@

Yosuke Tatami*', Susumu Suzuki *>*' Hideki Ishii *', Yohei Shibata *', Naohiro Osuﬁl" Tomoyuki Ota™',
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ARTICLE INFO ABSTRACT

Article hisory:
Recewed 2 May 2014
Recewed in revised form 11 August 2018

Boackgroundobjectives: Bilirubin protects against oxidative stress-mediated dise ases, especially nruadaolc
diseases Onthe other hand, subjects with carotid athe rosderos is have ahigh incidence of adver se cardi
events The xim of this study was 10 e valuaie the possible rel
atherasclerasis in patients with coronary artery disease (CAD).

levels and carotid

Al w2 Y Mgk 246 Methods: We evaluged a bl of 394 patientswith chrork CAD, defined as stable angia pectoris o a previous fyo-
" - cardial infarcion. They were divided into four groups according (o serum bilirubin level Carotid intima-media
Biirubin thickness and plaque score (PS) in the mmmon Garotid artery were measured using an Wrasound sysiem. Severe
Carotsd 2hemsclerosss carotid atherosclerosis was defined as S > 10.
Corn ary artery dveze Results: With increasing quartiles of serum bill rubin levels, the prevdence of severe carotid atherosclerosis signifs-
antly degesed (482X 39 8 303X, and 27.0%, respectively, p br trend = Q007 ). Alter adjusting for other risk
Gctors, low serum bilindin levels were ind de ntly correlated with severe carotid atherasderasis in CAD
patients (adds ratio 089, 95% cnfidence interval 0.81-099,p = 0027).
Conclusion: We damanstrated that low serum Iilindin levels were asodged with severe carotld atherosclerosis in
CAD patients Our dats suggest that serum bilinubin levels might be an independent, uselud, and costeflective tool
for evahamting atherosderotic staus in CAD patients.
© 2014 The Authars. Publlished by Elsevier reland Lid This is an open access artide under the CCBY-NC-ND license
(hapy, g by nd/3D)).
1. Introduction atherosclerosis could be helpful in predicting future CVD events in

I!kmbuwddﬁtbﬁnﬁ\d\e majar product of heme ca-
tabdlism, has strong anti P ies that enable it to scavenge
peroxyl radicak and to inhibit axidation of low-density Ipqmlnn-
derived lipids | 1] Several recent reports have &

patients with chronic ischemic heart disease. However, few studies
have i igated the relationship b arotid atherosclerosis and
serum hiintm levelsin CAD patbms Inthe present study, we exam-
ined the asociation between serum bilirubin levels and carotid athero-
is in CAD patients.

serum bilirubin Ievdspw:bmmnwmveeﬁmamm
tive sress epecially ferotic di [2-4]
Increased caratid intima-media thickness (IMT) is a well-established
index of subclinical atherosclerosis and a nisk factor for subsequent
cardiovascular disease (CVD) events [5-7]. It was recently reported
that greater carotid atherosclerosis is also associated with future
CVDevents in high-risk patients [8.9]. Therefore, evaluation of carotid

g author at: of G

Nagoya raduate
maumcsnmmu Nagoya 4668550, jpan Tel: +8152
744 2147; fax + 81 52 744 200

; Emal address: s 0531 @yshoom jp (S Suzuls).
ANl

the data presented and ther discussed merpretaion.

freedom from basof

hepy M xdowong1 01016/ jajcme 2014 00006

2. Methods
2.1. Srudy subjects

This observational study included a tatal of 394 patients who were
treated bor chronic CAD at Nagoya University Hospital between October
2011 and December 2013. Chronic CAD was defined as stable angina
pectoris or a previous myocardial infarction. Patients were divided
into four groups according to quartiles of total bilirubin levels. The
exclusion criteria were as follows: acute cardiovascular events within

6 months before screening. previous carotid end. tomy or carotid
artery stenting, chronic liver disease, acute heart failure, and hemodialy-
sis, Institutional ethics ittee approval btained, and all p

2214 W2 4© 2014 The Authors Publiched by Elesvier irstand 13 T is an apen acoms stk under the CC BY-NC-ND bosnse (hap: A L dag)
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The Relationship between Total Bilirubin Levels and

Total Mortality in Older Adults: The United States
National Health and Nutrition Examination Survey
(NHANES) 1999-2004

Kwok-Leuna Ona'?*, Matthew A. Allison®, Bemard M. Y. Cheuna®, Ben J. Wu'?, Philip J. Barter'?,

CrossMark

Total bilirubin, mg/dl Model 1° Model 2° Model 3¢ Model 4¢

HR (95% ClI) P HR (95% ClI) P HR (95% ClI) P HR (95% ClI) P
Multicategory model A
0.1-04 1.57 (1.14-2.16) 0.007 1.53 (1.06-2.20) 0.024 1.68 (1.21-2.32) 0.002 1.51 (1.09-2.09) 0.014
0.5 1.33 (0.98-1.79) 0.063 1.13 (0.81-1.59) 0.45 1.18 (0.83-1.68) 0.34 1.19 (0.85-1.68) 0.31
0.6 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
0.7 1.03 (0.80-1.33) 0.81 1.05 (0.79-1.39) 0.73 1.06 (0.76-1.49) 0.73 1.18 (0.86-1.61) 0.30
0.8-0.9 1.09 (0.86-1.38) 0.46 1.16 (0.90-1.50) 0.25 1.18 (0.87-1.59) 0.27 1.35 (1.00-1.83) 0.051
=1.0 0.98 (0.69-1.39) 0.90 1.20 (0.84-1.73) 0.31 1.18 (0.80-1.73) 0.40 1.38 (0.98-1.94) 0.061
Overall P 0.10 0.14 0.013 0.022
Multicategory model B
0.1-0.4 1.39 (1.09-1.78) 0.010 1.44 (1.10-1.88) 0.009 1.55 (1.23-1.96) <0.001 1.36 (1.07-1.72) 0.012
0.5-0.7 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
=0.8 0.96 (0.79-1.18) 0.70 1.12 (0.91-1.39) 0.28 1.11 (0.89-1.37) 0.36 1.24 (0.98-1.56) 0.072
Overall P 0.030 0.031 0.002 0.008

HR = hazard ratio; Cl = confidence interval.
®Adjusted for survey period, age, sex, and race/ethnicity (n=4,303).

PFurther adjusted for body mass index, education, smoking, and regular alcohol consumption (n = 3,928).

“Further adjusted for history of cardiovascular disease, diabetes, albuminuria, cancer, fibrates, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers
diuretics, and calcium channel blockers (n=3,764).

Further adjusted for high-density lipoprotein cholesterol, serum albumin, blood urea nitrogen, estimated glomerular filtration rate, C-reactive protein, alkaline
phosphatase, alanine aminotransferase, aspartate aminotransferase, y-glutamyltransferase, uric acid, white blood cell count, and hemoglobin (n=3,758).
doi:10.1371/iournal.oone.0094479.t003
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Traditional Reference Range
* 0.1-1.2 mg/dL

Optimal Reference Range
* 0.5-0.8 mg/dL



NADPH NADP*

Biliverdin
Reductase

Heme Biliverdin Bilirubin
AN
co
Fe 2*
/ 02 HZO

NADPH NADP*

Heme Oxygenase
Cyt P450 Reductase

. Lipophilic Reactive
Soluble Reactive Oxygen Species

HO” N o7 ~OH

Oxygen Species
Glutathione ﬂ]ﬂm
Peroxidase
_ Oxidized
Gltztggut)me Glutathione
(GS-SG)

Glutathione
Reductase

NADP* NADPH
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Curcumin protects retinal pigment epithelial cells against oxidative
stress via induction of heme oxygenase-1 expression and reduction
of reactive oxygen

Je Moon Woo,"* Da-Yong Shin,’ Sung Ju Lee,' Yeonsoo Joe," Min Zheng,’ Jin Ho Yim,' Zak Callaway,’
Hun Taeg Chung*

IDepartment of Ophthalmology, Ulsan University Hospital, Ulsan, Republic of Korea; *School of Biological Sciences, Untversity
of Ulsan, Ulsan, Republic of Korea; *University of Ulsan College of Medicine, Ulsan, Republic of Korea

At this concentration, curcumin also increased the cytoprotective effect against
the oxidative stress of H,O, through the reduction of ROS levels in human retinal
pigment epithelial cells. Curcumin’s effect on the reduction of ROS was mediated
by the increase in HO-1 expression.

epithelial cells azainst oxidative stress by reducing ROS levels.

Age-related macular degeneration (AMD) 15 the most
cause of blindness m p aged 65 or over in the
Western world [1). and incidence continues to nse as a result
of the increasing percentage of older adults in the gz 1

versatility of HO-1 mnducers and the protective effects
attnbuted to heme oxygenase byproducts in conditions
associated with moderate or severe cellular stress [7.8].

)

population. Pathologically, AMD results from retinal pigment

epithelum (RPE) dysfunction or loss associated wath

photoreceptor fallout, Bruch’s membrane thuckening, and
hypoperfusion [2]. The RPE 15 a )}

Curcunun, a gically active P of turmenic,
which has been wsed m India for medical pwrposes for
cutnnu has a umty of phammacological activities,
anti-inflammatory, and

1.6

chonocapillary
ofp:pnenndceﬂ.hmmgpmofﬂubloodmbm:nd

antip effects. Curcumin 15 an effective scavenger
of reactive oxygen species in vitro and indwrectly enhances the

5P tible to oxidative stress b 0“*! symhmofmdannmﬁl()] In this study, we
layer's high consumption of oxygen. Thus, ch hypothesized that has cytoprotective effects with
stress induces RPE d that 15 1bl fonhnm HO-1 exp gamnst H;O: oxdative stress in cultured
process and may therefore play an important role in the hmmnmzlpupmtepnhghaledls
palbo;unsxs of AMD [34] I‘Immn RPE has many

such as heme METHODS

P

oxygenase, and enzymes mnvolved mn glutathione synthesis
[5.6). Hmoxygcnase-l (HO-1) 15 a ubiquitous and redox-

ible stress p known to protect cells
agamst vanous types of stress. The importance of this protem
m physiologic and pathological states 15 underlined by the

Correspondence to: Hun Taeg Chung, School of Biological Sciences,
University of Ulsan, 102 Daehak-ro, Nam-gu, Ulsan 680-749,
Republic of Korea; Phone: 82-52-250-2392; FAX: 82-52-250-2740;
email: chungi@ulsan ac kr

901

Materials: Curcumun, H;O;, zinc protoporphynn (ZoPP;
HO-1 mhibitor), cobalt protoporphyrin (CoPP; HO-1
stimulator), and SB 203580 were purchased from Sigma
Aldnch (St I.oms MO). 3-(4,5-dimethylthiazol-2-yI)-2,5-
da b d MTT) and 2'7-
d (H2DCFDA) were

obtamned from Invittogen Molecular Probes, Inc. (Carlsbad.
CA).

Cell culrure: ARPE-19 cells ongmated from human retmal
pigment epithelial cells. The ARPE cells were purchased from

dichl =y = >
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Clinical significance of serum bilirubin and gamma- @mmﬁ
glutamyltransferase levels on coronary atherosclerosis assessed by
multidetector computed tomography

HS. Cho **, SW. Lee **~ ES. Kim ***, EY. Mo **, LY. Shin **, SD. Moon **, JH. Han **
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Low TB and high GGT levels were concomitantly associated with coronary
atherosclerosis in Korean men.

artery calcum score (CACS) and ob ive y artery di (OCAD), was defined as
the pr of Y artery is of 250%. Total bilirubin (TB) Jevel was negatively corre-
stenosis lated with CACS and coronary stenosis whereas CCT level was positively correlated with CACS in
m%mhmsmm&mbemﬂ@knhmdnﬁh«ﬂﬁwmw
tery is in In a multy djusted model, TB level was inversely associated with
a CACS > 100 [odds ratio [OR) per log standard deviation (5D), 0.67; 95X confidence interval (1),
0.52-0.87). and OCAD (OR per log SD, 0.77; 95% {1, 0.62—0.95) in men. By contrast, CCT level was
positively associated with a CACS > 100 (OR per log SD, 135; 95¥CL1.05-t73)butnotvnth

OCAD. Adding T8 and CCT to the conventional risk factors i y for
CACS > 100 (net reclassification imp: index [NRI] -131&?- 0.026; mu;ntrd
discrimination index [IDI] = 0.024, F = 0.001) and for OCAD (NRI = 126X, P = 0.026;
D] = 0.010, P = 0013}

Conclusions: Low TB and high CCT levels were itantly jated with y athero-
sclerosis in Korean men. Future studies are ded to elucidate the causal 1aty of TB
and CCT with CVD.

© 2015 Elsevier B.V. All rights reserved.

Introduction increasing prevalence. Interestingly, the prevalence of CVD

in Asia has been reported to be similar to or even higher
Cardiovascular disease (CVD) is the leading cause of death  than that in Europe despite of comparatively lower
worldwide and has become 2 major health issue due toits  average body mass index (BMI) [1]. The reason for this may

* Comresponding author. Division of Endocrinclogy and Metabalism, D¢ of Internal ) Incheon St Mary's Hospital, College of
WMQMWdMEWWWﬂ?-M hp&kdl'auTel +82 32 280 5175; fxx: -82 32280
s210.

E-moil address: 133008catholicackr (ES. Kim)
* Hyun Sun Cho and Sung Won Lee contributed equally to this project as co-first authors.
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Table 2. Plasma oxysterols and some serum antioxidants in the healthy Italian and Czech subjects.

Italian Czech P-value

(n=138) (n=84)
70xCH 73 40
(ng/ml) 5311 3352 <10
70xCH/total 1.59 0.76 -
cholesterol 1326 0.59-0.94
7BCH 105 6.0
(ng/ml) 7.7-19.7 53-74 0
7BCH/total 228 115 P
cholesterol 1643 0.99-13

5.75 695
*

RERAA 48690 5.7-8.5 <10°
Bilirubin 72 113
(umol/l) 5.1-10.2 8.6-15.6 <ag*
Uric acid 271 324 i
(umol/l) 215-329 252-364
Vitamin E/total 0.13 0.14 —
cholesterol 0.11-0.17 0.1-0.19 -

70xCH: 7-oxo-cholesterol; 7BCH: 7B-hydroxycholesterol; PERSA: peroxyl radical scavenging activity. Bilirubin means total
bilirubin concentration. Data expressed as median and 25-75%; * values represent micromoles of Trolox equivalents.

Bopst 3, 120 00 Praha 2, Czech Repubhic K 2004). Oxidativel iified LDL (oxLDL),

& wvitek(@cesnet cz which 15 3 swrTogate marker of upregulated oxidative
& +420224964 203 stress, promotes diverse potentally pro-atherogemc
A 420 224 964 203 events and 15 a hallmark of atherosclerosis and
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Ornginal Article

The Relationship Between Gamma-Glutamyltransferase (GGT), Bilirubin (Bil) and
Small Dense Low-Density Lipoprotein (sdLDL) in Asymptomatic Subjects Attending
a Clinic for Screening Dyslipidaemias

Kazuhiko Kotani. "% re0, Kokoro Tsuzaki, 's«, Naoki Sakane, 'wn o

Abstract

Introduction: Gamma-glutamyltransferase (GGT), bilirubin (Bil) and small dense
low-density lipoprotein (sdLDL) particles are each known to be risk markers for
cardiometabolic diseases which are characterised by oxidative stress conditions. These
markers are connected with the oxidative milieu; h , the b GGT,

The mean (standard deviation) levels of GGT, Bil, and the mean LDL parficle size
were found to be 21.7 (8.3) IU/L, 14.0 (4.3) umol/L, and 26.7 (0.6) nm, respectively.
An univariate correlation test showed both a significant inverse correlation between
the mean LDL particle size and GGT and a significant positive correlation between
the mean LDL particle size and Bil.

Key words: Atherosclerosis, LDL particle size, Oxidative stress, yGT, Total bilirubin

Introduction
Oxidative stress, whichis caused by an oxadant-antioxidant
mmbalance, 1s an emerging nisk factor for the development

as well as the underlying mechanisms of the association
between Bil and CVD, are not yet sufficiently established.

of cardiovascular disease (CVD), a crucial health problem
in Westemn countries, Asia and other developing countries '
Therefore, understanding oxidative stress conditions and
developing a therapeutic approach to limit the effects of
oxidative stress are crucial for the prevention of CVD.>
Recently, 2 serum markers, -glutamyltransferase
(GGT) and bilirubin (Bil), which are reflective of hepatic
function i general, have been recogmised as oxidative
stress and antioxidative markers.*"* In fact, GGT and Bil
levels are shown to be associated with the development
of cardiometabolic diseases*'" while the underlying
mechamisms of the association between GGT and CVD,

The presence of small, dense low-density lipoprotein
(sdLDL) particles, which exhibit both a small LDL particle
size and a greater susceptibility to oxidation, in the blood is
considered to be a risk marker of CVD.""** We have noted
that subjects with insulin resistance and metabolic syndrome
(oxidative stress conditions that are often concomitantly
accompanied by hepatic dysfunction) display an atherogenic
lipoprotein profile that includes the presence of sdLDL
particles.'*** Subjects with metabolic syndrome can have
high GGT levels and low Bil levels %7'* Circulating GGT
is also thought to bind to lipoproteins, including IDL

icles.” In addition. a es indicate that the bl

‘Division of Preventive Medicine, Clinical Research Institute, National Hospital Organzation Kyoto Medical Center, Japan

‘Department of Clinical Laboratory Medicme, Jichi Medical University, Japan
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Bottom Line - What To Do
—

* Uric acid < 3.7 mg/dL (men) or 3.2 mg/dL (women)

* Consider deficiencies (molybdenum, zinc, iron)

* Glutathione (BioG Max — GSH) and/or antioxidant therapy
* GGT > 12-24 IU/L (Men) or 10-22 IU/L (Women)

* Glutathione and curcumin
* Bilirubin < 0.5 mg/dL

* Curcumin, ECGC, rosemary, quercitin
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—

* “Shield” gland

* Normally 6-20 gram in weight (hon-goitrous)
* Depends on body size and iodine supply

* Abundant blood supply with approximately 5ml/g/minute
* Entire blood supply travels through the thyroid per hour

* Even at only .4% of body weight, it receives approximately 2% of
blood flow




Thyroild Hormone Function
e

* Basal metabolic rate

* Thermogenesis (calorigenesis), or O2 consumption and energy
production

* Encourages synthesis of certain enzymes within the CAC
* Essential fo normal growth, development and metabolism




—

* Consists of follicles and “C cells”

*

C cells are responsible for calcitonin production, which aids in lowering
plasma calcium levels when elevated

* Follicles

*

*
*
*
*

Simple cuboidal cells (thyrocytes) surrounding colloid (“glue like")
Primary secretory cells of the thyroid gland

Colloid is largely a mixture of proteins suspended in a gelatinous solution
Free fatty acids are the primary fuel source for follicular cells

Does use glucose for the pentose phosphate pathway

* Needs reducing agents (NADPH) for H202, glutathione peroxidase, thyroid hormone
synthesis, organification of iodide, etc



Thyroid Hormone Synthesis
R

I. lodine trapping
* Dietary iodine is converted to iodide in intestines

* lodide (anion) is transported info follicular cells via Na/l symport (co-
transport). This is increased under influence of TSH

2. Thyroglobulin
* Large polypeptide (5,000 amino acids) with 3% tyrosine
* Synthesized on ribosomes in response to TSH

3. Thyroid peroxidase oxidizes iodide (oxidation) and attaches iodine
to tyrosine residues on thyroglobulin (iodination)
* Uses H202 to oxidize iodine
* Forms MIT (one iodine) and DIT (two iodines)



Thyroid Hormone Synthesis
R

4. MIT and DIT still on thyroglobulin, return back into follicular cell
via endocytosis

5. MIT and DIT are joined together
* MIT + DIT = T3 (triiodothyronine)
* DIT + DIT = T4 (tetraiodothyronine or thyroxine)

6. Lysosome (proteolytic enzymes) cleaves off free T3 and T4,
which leaves follicular cell via exocytosis

/. Free thyroid hormone is bound primarily to plasma proteins for
transport in the circulatory system
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Thyroild Hormone Transport
——

Functions
|. Protect body from excessive hormone fluctuations

* Eg. Bound thyroid hormone allows a significant drop in hormone
secretion without significantly impacting serum hormone levels

2. lodine binding to minimize loss in humans
* Limited iodine supply in diet

3. Targeting hormone delivery via site specific enzymatic
modification of thyroid binding globulin



Thyroid hormone transport
—

I. Thyroid Binding Globulin (highest affinity)
* 5 day half-life
* 75% of T4 and 75% of T3
* Salicylates competitively bind
* Estrogen increases levels, androgens (eg testosterone) decrease levels
2. Transthyretin
* 2 day half-life
* 20% of T4 and <5% of T3
* Flavonoids may competitively bind
3.  Albumin (lowest affinity)
15 day half-life
5% of T4 and 20% of T3
Fatty acids and chloride ions may competitively bind
Fluctuations are said to have little effect on serum thyroid hormone levels

*
*
*
*



Thyroild Hormone Transport
———

In humans, .03% of T4 and .3% of T3 are found Iin the free
(unbound) form.




Thyroid Hormone Conversion
R

* Approximately 1/3 of T4 is converted to 13, 1/3 is converted to
r13 and the remainder is metabolized in different pathways.

* Delodinases
* D1 = liver, kidney, muscle and thyroid
* Also used in the degradation of thyroid hormone
* D2 — CNS, pituitary, gonads and brown adipose tissue
* Maintains local T3 levels, but not plasma levels
* D3 — brain
* Degradation activities




Thyroid Hormone Mechanism

T4 - TBG or Transthyretin

( eiodimation t Growth (*GH transcription
T 4 NE(W PR?}E;])NSW and induction of anabolic
- WEJ' VZ} enzymes)
Gl erol-3- :
; hate NaKATPase—' Tempcratmhomeosusxsmthe

@g} > OOxygenConsumxion

+ Basal Metabolic Rate

Y, + B-Adrenergic Receptor

Thyroid Target Cell (i.c., liver, pituitary, brain, heart, etc.)
)




Low Thyroid Symptoms
e

* Cold extremities

* Difficulty losing weight

* Depression; slow mental function
* Dry skin, hair and brittle nails

* Hair loss

* Constipation

* Poor/slow wound healing



TSH
Binding
protein — —
< an '
(i.e thyroid)
Binding

93%

=
— =

Proteomic

Binds to cellular
9 response

rT3 receptor

T3S &
T3AC




Thyroid Markers

* TSH

* Total Thyroxine (TT4)

* Free Thyroxine (FT4)

* Free Thyroxine Index (FTI)

* Resin T3 Uptake (T3U)

* Total Triiodothyronine (TT3)

* Free Triidothyroinine (FT3)

+* Reverse T3 (rT3)

* Thyroid Antibodies (TGB, TPO)

—

« 1.5-2.0

« 6.0-12.0

« 1.0-1.5

* Not accurate (calculation)

« 28-38% (Men: 32-38; Women: 28-34)
« 100-180

« 3.0-4.0

« Lab range

* If positive, likely Hashimoto's



What Pattern Is This?

Thyroid
TSH 1.460 ulU/mL 0.450 - 4.500
***Effective January 25, 2010, TSH reference interval for*x*
11 - 19 years will be changing to: 0.450 - 4.500 ulU/mL
Reference interval for all other ages will NOT be affected.

Thyroxine (T4) 6.7 ug/dL 4.5 - 12.0
T3 Uptake 33 % 24 - 39

Free Thyroxine Index 2.2 1.2 - 4.9
Triiodothyronine (T3) 99 ng/dL 83 - 200

**Effective January 25, 2010, Total T3 reference interval for**
11 years and greater will be changing to: 71 - 180 ng/dL
Reference interval for all other ages will NOT be affected.



What Pattern Is This?

TSH

Thyroxine (T4)

T3 Uptake

Free Thyroxine Index

1.846
5.6
32
1.8



Low TSH and Low T4
-‘

* Could be poor hypothalamic function
* Serotonin, dopamine, heavy metals, inflammation
* Could be pituitary suppression

* Cortisol, inflammation, dysbiosis (lipopolysaccharides), heavy
metals




What Pattern is This?

Thyroid

TSH 3.820 ulU/mL 0.450 - 4.500
Thyroxine (T4) 5.9 ug/dL 4.5 - 12.0
T3 Uptake 31 % 24 - 39

Free Thyroxine Index 1.8 1.2 - 4.9



What Pattern is This?

""...llllllIllllll-.........-!E_-‘

Thyroid
TSH 3.970 ulU/mL 0.450 - 4.500
Thyroxine (T4) 7.7 ug/dL 4.5 - 12.0
T3 Uptake 33 % 24 - 39
Free Thyroxine Index 2.5 1.2 - 4.9

Triiodothyronine (T3) 113 ng/dL 71 - 180






High TSH, Low T4
———

1. Autoimmune (Hashimoto's)

* Run thyroid antibodies
* Anti-thyroglobulin antibodies
* Thyroid peroxidase antibodies

2. lodine deficiency
* lodine intake
* Goitrogen
* Fluoride, bromide
* Arsenic
* Brassica family (cabbage, broccoli, kale, etc)

3. Tyrosine deficiency
* Not likely. Must be a fairly significant amino acid deficiency to cause this.




1ESTS

What Pattern is This?

TSH 1473 wlU/mL
Thyroxine (T4) 49 ug/dL
T3 Uptake 28 %
Free Thyroxine Index 14
T4 Free(Direct) 0.66 ng/dL
Triodothyronine Free Serum 19 LOW pg/mlL
Reverse T3 185 pg/mL
Antithyroglobulin Ab <20 IUmL
Siemens (DPC) ICMA Methodology

Thyroid Peroxidase (TPO) Ab 21

IU/mL

REFERENCE INTERVAL
0.450-4.500
45-120
24-39
1.249
0.61-1.76
2342
90-350

0-40

0-34




Low T3 Uptake, Normal T4/T3, Low free T4/T3
-‘

. Likely excess thyroid binding globulin

* Elevated estrogen is most common reason for excess thyroid
binding globulin



What Pattern

Thyroid

TSH 1.780
Thyroxine (T4) 7.5
T3 Uptake 37
Free Thyroxine Index 2.8
Triiodothyronine (T3) 90

IS This?

ulU/mL 0.450 - 4.500
ug/dL 4.5 - 12.0
% 24 - 39

1.2 - 4.9
ng/dL 83 - 200



High T3 Uptake, Normal T4/T3, high free T4/T3
———

|. Likely due to elevated testosterone

* |[n women, consider blood sugar dysregulation and Polycystic
Ovary Syndrome

* High correlafion between Hashimoto's and PCOS




What Pattern is This?

Thyroid Panel With TSH

TSH 2.918 ulU/mL 0.370 - 6.000
Thyroxine (T4) 8.7 ug/dL 4.5 - 12.0
T3 Uptake 33 % 24 - 38
Free Thyroxine Index 2.9 1.2 - 4.9

Reverse T3 421 High pg/mL 90 - 350



Normal T4, Low T3
-‘

I. Underconversion of T4 to T3
* May also be overconverting to rT3
* Selenium deficiency
* Inflammation, cortisol, heavy metals, arsenic




What Pattern is This?

- TSH 1.8 miu/ml
- Total Thyroxine (TT4) 3.0 ug/dL
- Free Thyroxine (FT4) 1.2ng/dL
- Free Thyroxine Index (FTl) 2.8

- Resin T3 Uptake (T3U) 30%

- Total Triodothyronine (TT3) 150ng/dl

- Free Triidothyroinine (FT3) 350pg/dL
- Reverse 13 (rT3) 200pg/ml
TPO- /7 IU/ml

- Anti Thyroid Globulin AntiBody- <20IU/ml



Normal thyroid panel, hypothyroid symptoms
e

|. Consider receptor function
* Inflammation, cortisol

* Vitamin A deficiency

* Consider night blindness
* Also could be zinc deficiency causing vitamin A deficiency
* Skin issues, decrease in taste, “zinc spots” on fingernails




What Pattern

Thyroid

TSH 3.600
Thyroxine (T4) 7.6

T3 Uptake 33

Free Thyroxine Index 2.5
Triiodothyronine (T3) 92

T4F+ThyAbs+T3Free
Triiodothyronine, Free, Serum 2.8
T4 ,Free (Direct) 1.31
Thyroid Peroxidase (TPO) Ab 37 High
Antithyroglobulin Ab 20

Siemens

(DPC) ICMA Methodology

is This?

ulU/mL 0.450 - 4.500
ug/dL 4.5 - 12.0
% 24 - 39

1.2 - 4.9

ng/dL 71 - 180
pg/mL 2.0 - 4.4
ng/dL 0.82 - 1.77

IU/mL 0 - 34

IU/mL 0 - 40



What Pattern

is This?

Thyroid
TSH 4.550 High ulU/mL 0.450 - 4.500
Thyroxine (T4) 7.2 ug/dL 4.5 - 12.0
T3 Uptake 33 % 24 - 39
Free Thyroxine Index 2.4 1.2 - 4.9
T4F+ThyAbs+T3Free
Triiodothyronine, Free, Serum 2.5 pg/mL 2.0 - 4.4
T4 ,Free (Direct) 1.28 ng/dL 0.82 - 1.77
Thyroid Peroxidase (TPO) Ab 539 High IU/mL 0 - 34
Antithyroglobulin Ab 94 High IU/mL 0 - 40

Ciamana (MDPOY TOMDA MaethaAdAnlAAcer



1.
2.
3.

* X% X X X

Chemicals and the Thyroid
—

lodine uptake — phthalates, perchlorate
Thyroid enzymes — pesticides and fungicides

Deactivating thyroid hormones — lead, chromium, methoxychlor
(pesticide)

PBDEs — inhibit thyroid hormone binding to transthryetin

PCBs — binds to thyroid binding globulin

Pentachlorophenol — inhibits thyroid hormone production
Cadmium, lead, methyl-mercury, Bisphenol A, dioxin, pesticides
Isoflavones, catechine




Impacts on TSH

STIMULATORY

Thyrotropin-releasing hormone (TRH)

Prostaglandins (¢)

a -adrenergic agonists (¢ Via TRH)
Opioids (humans)

Vasopressin (AVP) (long term)
Glucagon-like peptide 1 (GLP-1)

Leptin
Glucocorticoids (in vitro)

INHIBITORY

Thyroid hormones and analogues
Dopamine

Gastrin

Opioids (rat)

Glucocorticoids (in vivo)
Serotonin

Cholecystokinin (CCK)
Gastrin-releasing peptide (GRP)
Vasopressin (AVP) (short-term)
Neuropeptide Y (NPY )
Interleukin 1 B and 6

Tumor necrosis factor «



Regulators of TSH
——

* Stimulatory — TRH, prostaglandins, opioids, arginine vasopressin, GLP-T,
Leptin

* Inhibitory — Thyroid hormone, dopamine, gastrin, glucocorticoids (high
dose), serotonin, CCK, gastrin-releasing peptide, arginine vasopressin,
Neuropepftide Y, IL-Tb, IL-6, Somatostatin



Thyroid Interactions
e

* Interactions with other hormones

* Cortisol
* Increased — decreases TSH and TBG (high dose), decreases T4/T3 ratio (increases T4/rT3 ratio)
* Decreased —increased TSH

* |ncreases in thyroid hormone, increase cortisol clearance in liver, and thus leads to more ACTH
production

* Estfrogen

* Increased TBG, TSH (postmenopausal women), increased T4 requirement in hypothyroid patients
* Testosterone

* Decreased TBG, decreased T4 turnover in women, reduced T4 requirement in hypothyroid patients
* Growth hormone

* Decreased D3 activity




Goiter




Goiter




Goiter

Source: Usatine RP, Smith MA, Mayeaux EJ, Chumley HS: The Color Atlas
of Family Medicine, Second Edition: www.accessmedicine.com
Copyright © The McGraw-Hill Companies, Inc. All rights reserved.



Golter

A goiter can occur in a gland that is producing too much hormone
(hyperthyroidism), too little hormone (hypothyroidism), or the correct amount of

hormone (euthyroidism). A goiter indicates there is a condition present which is
causing the thyroid to grow abnormally.

https://www.thyroid.org/goiter/



Golter

Hashimoto's thyroiditis is a more common cause of
goiter formation in the US. This is an autoimmune
condition in which there is destruction of the thyroid
gland by one’s own immune system. As the gland
becomes more damaged, it is less able to make
adequate supplies of thyroid hormone. The pituitary
gland senses a low thyroid hormone level and
secretes more TSH to stimulate the thyroid. This
stimulation causes the thyroid to grow, which may
produce a goiter.

https://www.thyroid.org/goiter/



Golter

Another common cause of goiter is Graves' disease.
In this case, one’s immune system produces a
protein, called thyroid stimulating immunoglobulin
(TSI). As with TSH, TSI stimulates the thyroid gland to
enlarge producing a goiter. However, TSI also
stimulates the thyroid to make too much thyroid
hormone (causes hyperthyroidism). Since the
pituitary senses too much thyroid hormone, it stops
secreting TSH. In spite of this the thyroid gland
continues to grow and make thyroid hormone.
Therefore, Graves' disease produces a goiter and
hyperthyroidism.

https://www.thyroid.org/goiter/



Golter

Multinodular goiters are another common cause of
goiters. Individuals with this disorder have one or
more nodules within the gland which cause thyroid
enlargement. This is often detected as a nodular
feeling gland on physical exam. Patients can
present with a single large nodule or with multiple
smaller nodules in the gland when first detected.

https://www.thyroid.org/goiter/



Calculations




Osmolarity

R




(a) Hypotonic solution (4) Hypertonic solution (¢) Isotonic solution

H20 @ ® HZO
2

Net water gain Net water loss No net loss or gain
Cell swells Cell shrinks



‘\

* Suggested that
serum osmolarity
(extracellular fluid)
reflects intracellular
osmolarity



Osmolarity

Increased Osmolarity Decreased Osmolarity

Hyperglycemia Hyponatremia (hypothyroidism, adrenal
Hypernatremia (dehydration) insufficiency)
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Perspective

Physiologic basns for understanding quantitative dehydration

assessment’ ™

Samuel N Cheuvront, Robert W Kenefick, Nisha Charkoudian, and Michael N Sawka

ABSTRACT

Dehydration (body water deficit) is a physiologic state that can have
profound implicatons for human health and performance. Unfornu-
natdy dehydration can be difficult to assess, and there is no single,

compared with volume depletion) and magnitude (moderate
compared with severe) of d:hydrmon, which, in tum, influence
the plasma asmolality (Posm) and blood volume (BV de-

1y thresholds for antidiuretic and thirst re-
sponscs We nlso discuss the recent application of biological

1gokd dard for d making. Inlusamclc wereview
the physiologic basis for und ding q ive dehydration as-
sessment. We highlight how ph logic interpr of de-
hydration dcpend criically on lhc ty pc (dehydration compared with
volume d ion) and pared with severe)
of dehydmuon. which in mm influence the csmotic (plasma osmo-
lality) and blood vol dk y thresholds for
antidiuretic and thirst mspnms ln pammlar we review new find-
ings regarding the biological in P to de-

hydraton and discuss how this vanation can help provide a
quantitative and clinically relevant link between the physiology
and phy logy of dehydration. Practical with empir-
ical threshokds are pmvd:dasa starting point for improving the prac-
tice of dehydration assessment Am J Clin Nutr 201397:455-62.

INTRODUCTION

Dehydmtion (body water deficit) is a common physiologic state
that can have profound implications for human health (1-7) and
performance (8). Although mild dehydration can be easily cor-
rected and is principally associated with impaired physical per-
formance (), it may be linked with common public health
disordersif left chronically untreated (9, 10). A greater severity of
dehydration can result in significant medical costs, morbidity, and
montality across the life span (11, 12). Although the physiology of
osmotic and vascular volume responses to dehydration in humans
have been well described (13, 14), the phenomenology of de-
hydration assessment has not. For example, there is no single,
universal gold dard method of dehydmti for

analysis to asmotic responses during dehydration for
its novel potential as an adjunct (17) to clinical deasion making.
Posm is the primary focus of this review because it is the key
regulated varigble in fluid balance (13, 14, 26-28), and it is
commonly used to sereen for dehydration and complement more
quantitative differential diagnoses of dysnatremias and other
diseases (3, 5, 28-30). The asmolality of other body fluids
commonly used to assess dehydmtion (ie, urine and saliva) are
also mentioned as is the practical assessment of volume de-
pletion. Descriptions of other p ial methods of dehydration
and vol depleti have been provided by other
authors (7, 16. 19, 31, 32). Complementary reviews (33) arc
similarly suggested for detailed info ion related to sodium
( is and appetite) and contributors (eg,
bar ptors) to ic b

FUNDAMENTALS OF OSMOTIC RESPONSES TO
DEHYDRATION IN HUMANS

Inits simplest form, the net body water balance is general ly the
zero sum of food (water and solute) and fluid intake minus in-
sensible and obligatory renal water losses (7). Fluid intakes,

! From the US Army R ch Institute of 1 Medicine, Na-
&d.MA.

*m ons o ] ined herein are the private views of the
alhmmdtmldm(be 1 2 official or refl g the views of the

Army the Department of Defense.
Supported by the United States Army Medical Research and Maseriel
G q

clinical decision making (7. 15, 16), which contributes greatly to
the difficulty that clinicians encounter when trying to accurately
assess dehydmtion in practice (17-25). This discordance between
the physiology and ph logy of dehyd is a rcog-
nized source of clinical confusion (17) for which clanity is needed
to imp the practice of dehydrati

In this review, we highlight how phenomenologic interpreta-
tions of dehydration depend critically on the type (dchydmtion

Am J Clin Nugr 2013;97:455-62. Printed in USA. @ 2013 American Saciety for Nuzrition
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asmalality; TBW, total body water; Uosm, urine osmolslity.
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Osmolarity

Osmolality Calculation

2 X Na + .9 xglucose + .93 x.5 xurea + 8
1.897 x Na + glucose + urea x .5 + 13.5
1.9 x (Na + K) + glucose +ureax.5+5

1.9 x (Na + K) + glucose + ureax .5+ 5
1.9%x (141 +4.1) +58+536x.5+5=
289.17

Glucose (mg/dl)/18 = mmol/L

« 104/18 =5.7777

BUN x .357 = mmol/L
e 15x.357=5355

288-292
mOsm/kg
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LETTERS TO THE EDITOR

(MVMM) supplementation had no significant effect on the risk of
all-cause monality, mortality due to cancer, or mortality due to
cardiovascular discase.
anmﬂlﬁnﬁn&mbmhmvmw
Is may be beneficial for specific subpopulations. We concur
with his suggestion that variables such as age, sex, and lifesty ke fac-
tors might modify the effects of some vitamins, such that differential
effects may emerge in different subpopulations. However, as pointed
out by Hemila, we were unable to perform subanalyses to examine
the modifying effect of hese different variables given that only trial-
level data were awailable.

If individual-level data were accessible we could have performed
any number of subanalyses. A limitaton of this approach is that cach
subanalysis involves an additional mmcalcompmonudlhu
a greater risk of a type I emor. Furth Iy
based on pmhmammdhacnkdmemcm-
clusions (2). The findings di d by Hemil, relating to
Emlxymkmﬁmmmmlm:ﬁcm‘m
for this reason. To avoid these issues, we used a limited number of
ified analyses to d the overall effects of MVMM
ion in the general population, rather than in specific

| e
1

subpopulations,

Our results were strengthenad by the large number of trials included
mwuulya.mll.ppoobdnnﬂedz Alhough there
are several ady dividual-level data mets-
lﬂynsmhnndymunddw:y!fulﬂe For example, we
excluded 7 relevant tnals from our analyss simply because tnal-level
data were unobtainable. Given the difficulty in obtmining aw data
from chief investigators (especially when many of the trials included
in our analysis were more than a decade old), undentaking a patent-
level mets-analysis would have further diminished the number of
trials included in our analysis.

Hemili states that our meta-analysis is “important in discouraging
ordinary middle-aged people from tiking MVMMs." We are not sure
how this conclusion was derived from our work given that our meta-

503
Centre for Human Psychophamacology
S b iversity of Technol
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Hawthom, Victonia 3122
Australia
E-mail: matthewpase @ gmail com
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Limitations to the use of plasma osmolality as
a hydration biomarker

Dear Sir:
In some lab lality (P..) is used as the
gold dard for d ng dehydration (1), without consider-

ation of its limitations; however, published data dispute this tech-
nigue (2, 3), which prompts us to write in response to the recent
article by Cheuvront et al (4) with regard to quantitative dehy-

analysis did not specifically focus on middle-aged aduls. My A
whereas we found no effect of MVYMMs on mantality across adults of all
lﬂmhtmmbnmmmah&wwlm
MVMM use and y had f ly been obtal ‘fmut-u—
Wmh@}&.m“ym“ﬂﬂumnm
domized controlled trials, MVMM supplementation had no effect
on monality (1). Although we acknowledge that vitamins may
have different effects in different subpopulations, it was first nec-
essary to investigate the overall effects of MVMM suppl

tign

drati This anticle correctly states that P is the
key regulated varigble in fluid balance, which means that P___ is
constantly regulated toward a central set point as the kidneys
modify urine concentration and water excretion in response to
diet and daily activities. We believe that this control led regulation
limits the efficacy of Po, a5 an index of hydmtion change in
many experimental designs. This anticle (4) also states that the
“‘criticisms for adopting P as a gold standard for dehydration
assessment are minimal™ (p 460). We disagree and write to de-
scribe several limitations to the use of P, as a gold standard for

tion in the general population. Identifying a hammful effect of
MVMM use across all adults would have shown greater implica-
tions than identifying a harmful effect in one of many narrow
subgroups. As discussed in our meta-analysis, we call for further
research into the effects of MVMM use on all aspects of human
health (1). This includes examination of MVMM use in specific
subpopu lations.

MPP is funded by & Menzies Foundstion Scholarship in Allied Health
Sciences. AP receives funding from Swisse Wellness Pty Lid for angoing
research grojects. HM holds a Postdoctaral Fellowship, which is funded
by Swisse Wellness Pty Lid. There were no other potential conflicts of
interest,

Helen Macpherson
Andrew Pipingas
Marthew P Pase

First, individuals who lose & large amount of body water (reporied as
lhthmmnbmmn)nycm
a decressed P, contrary to jon. For ex-
ample, lm:yonnnin(S)nplmdMIth__d’Om-
dividuals (out of 39) decreased after they lost 3-8% of body mass.
In a dfferent study, men and women who consumed a 500-mL. bolws
of fluid acutely exhibited an increased P, contrary to anticipated
hemodilution (1) that is, after 90 min of rest, 4 of 30 P, mea-
mmmmuimmnmml’_mymnta
widely pted physiol principles, and that of P
mnum:yhl.p

Seccn‘l evidence n'” M Pun chqes are time- and

l-specific. Unpublish (CX Mufioz, EC
Mn-m IKDelhmnuﬂaL&lZ)ﬁandehydnume@w-
alent to 2% of body mass resulted in P changes that were
twice as large during mild cycling exercise (2.3 h: 4AP__ of 9
mOsm/kg ) compared with a passi P SO0h . of 4
mOsm/kg ); participants consumed no water during cither trial in
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Dehydration
e

* Increased osmolarity
* Increased RBC, hemoglobin, hematocrit
* Increased albumin (4.9 or above)
* Urine specific gravity
* |If high, likely not drinking enough water
* |If low, likely losing water



Viscosity

R




Viscosity

* Thickness of blood

* How easily blood flows
through vessels




Effect of Hydration on Whole Blood Viscosity
in Firefighters

Ralph E. Holsworth Jr, DO; Young 1. Cho, PhD; Joseph Weidman, BS, PharmDc

ABSTRACT Participants « Partici p nts were 9 healthy, n noking
Context « Cardiovascular disease (CVD) is the leading firefighters who were volunteers.
cause ¢ l d ty d ll 1 Amo l.l lbll s, lc ul b.ﬂ% of 0 tome \l asure( b \|ul lb l dlu l ‘dl l

Dehydration during the mock flre dr||| resul’red Ig eleva’red WBV at both low- and
high-shear rates. HCT and Hb increased due to dehydration and
hemoconceniration. Hb and HCT returned to baseline values after exercise and
rehydration, and while WBYV improved, baseline values were not restored. After
exercise but before rehydration, WBV changes were significantly larger than HCT
and Hb changes, suggesting the profound influence of hydration states on WBV.

WBV measurements were better determinants of hydration states than HCT or Hb
and should be performed to monitor the cardiovascular health of at-risk

firefighters.

into acute and chronic stressors. Acute stressors include
irregular physical exertion, smoke exposure, excessive heat
and dehydration, and duty-specific hazards, whereas chronic

E-mail address: choyi@drexel.edu

( :ermm.\cu].xr disease (CVD) is the lcadmg cause of stressors include long scdcnlar)‘ periods, shift work and
duty death among firefighters—45% of « dl } artial sle pdp ation, firehouse dietary patterns, and
fatalit nd a major cause of h dity ccupatic
I;l nately, firefighter p lllbhlll of \L' |ll} ; valence of ¢ d lar risk
nortality while on duty 1 Lo \H when compared to the factors, such as curre k ng, hr rte i abetes
rates of othe upational groups and « lhr;uhll safety nlltu and hprhl lrl mia, was l d among

“ ALTERNATIVE THERAPIES. JULY/AUGUST 2013, VOL 19, NO 4 Holsworth— Hydration and Whole Blood Viscosity



Increased whole blood viscosity is

associated with silent cerebral infarction.

e

A cross-sectional study was conducted to evaluate the association between

hemorheological parameters and SCI in 1487 subjects (868 men and 619 women)
undergoing medical check-up.

The participants with SCI had higher whole blood viscosity (WBV) levels at low
shear rate than those without SCI. Moreover, the subjects with a high WBV had a
higher prevalence of SCI.

Whole blood viscosity at low shear rate is a novel indicator for SCl regardless of

classical cardiovascular risk factors. Early measurement of whole blood viscosity
may be helpful to assess the risk of stroke.

Li, Rui-yan, Zhi-gang Cao, Ying Li, and Rui-tao Wang. 2015. “Increased Whole Blood Viscosity Is Associated with
Silent Cerebral Infarction.” Clinical Hemorheology and Microcirculation 59 (4): 301-7. doi:10.3233/CH-131760.
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Elevated whole blood viscosity Is assoclated with Insulin resistance and nonalcoholic fatty liver
disease-a population study

Short title: Elevated whole blood viscosity is associated with NAFLD
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fang Bi, Wel-ging Wang+, Guang Ning
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Over 8,000 Chinese subjects were used. 30% had NAFLD.
Positively association between WBV and NAFLD.
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Association between whole blood viscosity and arterial stiffness
in patients with type 2 diabetes mellitus
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The findings showed that baPWV increased as WBV (3 s(-1)) elevated in DM.
Moreover, WBV (3 s(-1)) is independently associated with baPWV even after
adjusting other cardiovascular risk factors. Early detection of abnormal WBV levels
at low shear rate should warrant for early search of undetected arterial stiffness in

patients with DM.

¥ WEIT Comg wIOSS WDV LS )
quartiles. The mean values of baPW V gradually increased
with WBV (3s°") quartiles. In addition, there was a
positive correlation between baPWYV and WBV 35" in
patients with DM after adjusting confounding factors
(r =0285, p =0039), Stepwise multiple linear regres-
sion analysis further revealed that WBV (3s7') is a

Y. Li - X Tisn - R. Wang (33)

Department of Geriatrics, The Second Affiliated Hospital
Harbin Medical University, NO. 246 Xuefu ST, Nangang
Distnict, Harbin 1 50086, Heillongjiang, Chima

email ruttsowangd® 126 com

Y. L

International Physical Examinastion and Healthy Center, The
Second Affihsted Hospital, Harbin Medical University, Harbin,
Heilongiang, China

T. Liu

Division of Hypathalsmic Resesrch, Department of Internal
Medicine, UT Southwestern Medical Center, Dallas, TX 75390,
USA

Published online: 14 October 2014

Introduction

Type 2 diabetes mellitus (DM) is associated with an
increased risk of stroke and coronary heart discase (CHD)
and non-vascular mortality (1, 2]. The ocaurrence of
msulin resistance accompanied with hyperviscosity wors-
ons the state of athcrosclerosis in patients with DM. Fur-
thermore, both DM and hyparviscosity have the tendency
to develop thrombosis [3]. Recent studies demonstrated
that hyperviscosity in DM is strongly influenced by the
excellence of glycemic control [4-6)

Ancrial stifincss due to dearcased arterial compliance is
onc of the major signs of vascular aging [7]. Elevated
artenal stiffness, an indicator of subclinical atherosclerosis,
is associated with myocardid infarction, heant falure,
stroke, renal discase, and all-cause montality [8]. Bmchial-
ankle pulse wave velocity (baPWV) measurement, a sim-
ple, non-invasive, and automated measurement method,
reflects the stiffness of muscular artenies and is widely used

E Springer
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Increased whole blood viscosity associated with arterial
stiffness in patients with non-alcoholic fatty liver disease
Kai-jiang Yu,* Mei-jie Zhang,' Ying Li"* and Rui-tao Wang'

tensive Care Unit and * atrics, and "Internati

ty. Harbin, Hedongjang, China

Departmer

Harbin Me:

Abstract

ysical Examénation and Healthy Center, The Second Affiliated Hospita

Background and Aims: Non-alcoholic fatty liver discase (NAFLD) is an independent
risk factor for increased cardiovascular discase. The brachial-ankle pulse wave velocity

The present study showed that baPWYV elevated as WBYV (3/s)
increased in NAFLD. Moreover, WBV(3/s) is independently
associated with baPWV even after adjusting other cardiovascular
risk factors. Early detection of abnormal WBV levels at low shear rate
should warrant for early search of undetected arterial stiffness in

patients with NAFLD.

chroaic liver condition in the Western countries, affecting 20-40%
of the general population. Recent studies showed that NAFLD is
an independent risk factor for increased cardiovascular discase.
Evidence also indicated a graded association between NAFLD
severity and increased vascular risk.’ However, there are no suit-
able noninvasive biomarkers of NAFLD severity to allow better
risk stratification bascd on cardiovascular outcomes.

Elevated arterial stiffncss, an index of subclinical atheroscliero-
sis, is linked with myocardial infarction, heant failure, stroke,
dementia, renal discase, and clevated total mortality.” Pulse wave
velocity (PWYV) reflects the stiffncss of central and peripheral
muscular arterics, and is widely used as an index of anterial stiff-
ncss and vascular damage. Brachial-ankle PWV (baPWYV) mea-
surcment, a simple, noninvasive, and automated measurcment
method, is closely correlated with aortic PWYV." Previous studics
found that increased baPWV is associated with metabolic syn-
drome, cardiovascular discascs, stroke, and renal discasc, as well
as clevated total mortality.*”

540
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arc associated with changes in hemorheological parameters.™ ™
Moreover, increased viscosity is observed in metabolic syn-
drome, hypertension, diabetes, ischemic heant discase, stroke, and
cognition." ™ A recent study confirmed that whole blood viscosity
(WBYV) s a predictor of cardiovascular cvents.

We speculated that WBY may be one of the major pathological
mediators of cardiovascular discase in NAFLD. Therefore, the
purpose of the study was to investigate if rheological parameters
arc indcpendently associated with baPWV in patients with
NAFLD

Methods

Participants. The study included 2032 persons (1035 men
and 997 women) who received gencral health examination in our
hospital from January 2009 o December 2010. We obtained
informed consent from all subjects. The study protocol was

D14) 540544
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Table 1 Clinical and biochemical characteristics of male subjects with non-alcoholic fatty liver disease

SG ﬁ an! HepMy m

doi:10.1111/jgh.12368

Quartiles of WBV (3/s)

n Q1 Q2 Q3 Q4 P value
259 259 259 258
Age lyears) 485 (5.5) 48.2 (6.2) 47.3 (5.9) 49.9 (6.7) < 0.001
BMI (kg/m?) 245 (3.3) 24.4(3.2) 249 (3.4) 24.8(2.6) 0.124
Smoker (%) 116 (44.8%) 104 (40.2%) 135 (52.1%) 122 (47.3%) 0.050
SBP (mmHg) 126.1 (9.9) 124.8 (9.8) 124.6 (9.9) 128.8(11.3) < 0.001
DBP (mmHg) 74.4(7.9) 73.1(7.9) 738(8.1) 75.7 (9.3) < 0.001
Heart rate (bpm) 68.8 (9.8) 68.4 (9.1) 68.4 (9.6) 67.1 (8.6) 0.197
FPG (mmol/L) 4.83 (4.54-5.20) 4.75 (4.50-5.15) 479 (4.48-5.13) 491 (4.64-5.25) 0.019
TC (mmol/L) 4.88 (0.82) 4.81 (0.82) 4.87 (0.80) 4.96 (0.90) 0.223
TG (mmol/L) 2.89 (2.36-3.33) 2.94 (2.53-3.44) 2.89 (2.42-3.33) 3.19 (2.86-3.54) < 0.001
HDL (mmol/L) 1.64 (1.37-1.85) 1.66 (1.43-1.87) 1.60 (1.33-1.80) 1.65 (1.49-1.84) 0.155
LDL (mmol/L) 2.98 (0.72) 2.96 (0.68) 3.00 (0.64) 3.17 (0.78) 0.002
AST (U/L) 22.0 (19.0-29.0) 24.0 (19.0-29.0) 23.0 (18.0-29.0) 21.0(17.0-28.0) 0.001
ALT (U/L) 24.0 (18.042.0) 27.0 (19.0-49.0) 27.0 (18.043.0) 24.0(16.0-38.0) 0.004
GGT (U/L) 37.0(19.0-70.0) 36.0 (22.0-60.0) 41.0 (20.0-69.0) 37.0(20.0-76.0) 0.648
Hemoglobin (g/dL) 125.9(10.8) 125.0(10.3) 124.1 (10.2) 125.2 (10.7) 0.292
Hematocrit (%) 425 (5.0 43.1 (4.0) 428 (4.9) 43.8 (3.6) 0.010
Fibrinogen (mg/dL) 329.1 (69.4) 333.2 (65.9) 334.9 (72.8) 351.0(65.1) 0.001
WBV200s' (mPa.s) 4.46 (0.39) 4.39 (0.30) 457 (0.37) 4.48 (0.40) < 0.001
PV {(mPa.s) 1.60 (0.08) 1.59 (0.08) 1.60 (0.09) 1.58 (0.10) 0.008

Data are expressed as means (SD) or median (interquartile range) or percentage.
P value was calculated by one-way anova test or Kruskal-Wallis H or chi-square test.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose;
GGT, gamma-glutamyl transpeptidase; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; PV, plasma viscosity; SBP,

systolic blood pressure; TC, total cholesterol; TG, triglyceride; WBV, whole blood viscosity.
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Table 2 Clinical and biochemical characteristics of female subjects with non-alcoholic fatty liver disease

SG ﬁ an! HepMy m

doi:10.1111/jgh.12368 .

Quartiles of WBV (3/s)

n Q1 Q2 Q3 Q4 P value
251 248 251 247
Age (years) 475(4.2) 48.9 (4.6) 48.2(4.1) 50.8 (4.7) < 0.001
BMI (kg/m?) 24.1(3.1) 24.1(2.9) 243 (3.4) 24.6(3.0) 0.346
Smoker (%) 5(2.0%) 4(1.6%) 6(2.4%) 8(3.2%) 0.659
SBP (mmHg) 123.8(11.0) 122.2 (10.9) 1249 (11.4) 127.7(11.2) < 0.001
DBP (mmHg) 78.3(9.7) 76.3(9.2) 78.9 (9.3) 79.3(9.4) 0.002
Heart rate (bpm) 65.7 (7.4) 66.2 (10.1) 65.9 (9.0) 66.8 (9.5) 0.571
FPG (mmol/L) 5.11 (4.72-5.64) 5.00 (4.72-5.33) 5.01 (4.77-5.47) 5.29 (4.90-5.72) < 0.001
TC (mmol/L) 5.06 (1.00) 4.94 (0.85) 5.08 (0.87) 5.27 (1.12) 0.002
TG (mmol/L) 2.10(1.60-2.97) 2.01(1.66-2.81) 2.22 (1.83-2.80) 2.31(1.82-2.89) 0.110
HDL (mmol/L) 1.38 (1.20-1.56) 1.39(1.20-1.54) 1.36 (1.17-1.55) 1.30(1.10-1.55) 0.047
LDL (mmol/L) 3.00 (0.88) 2.79 (0.83) 2.93(0.77) 2.98(0.87) 0.033
AST (U/L) 21.0 (18.0-24.0) 21.0(18.0-24.8) 19.0 (16.0-23.0) 20.0(17.0-23.0) 0.002
ALT (U/L) 16.0 (14.0-20.0) 17.0 (13.3-20.0) 17.0 (14.0-19.0) 17.0(12.0-21.0) 0.936
GGT (UL 16.0 (12.0-27.0) 17.0 (10.3-23.0) 16.0 (11.0-23.0) 20.0(11.0-26.0) 0.201
Hemoglobin (g/dL) 132.6 (10.5) 133.2(11.0) 132.3(10.2) 133.3(10.6) 0.684
Hematocrit (%) 428 (4.8) 43.3(3.9) 42.6(4.9) 4361(3.9) 0.045
Fibrinogen (mg/dL) 323.0 (66.2) 329.9 (73.5) 332.2(72.9) 321.6(71.0) 0.264
WBV200s ™' (mPa.s) 3.92 (0.40) 3.99 (0.36) 4.20 (0.33) 4.07 (0.43) < 0.001
PV (mPa.s) 1.44 (0.08) 1.41 (0.08) 1.43 (0.09) 1.42 (0.08) 0.014

Data are expressed as means (SD) or median (interquartile range) or percentage.
P value was calculated by one-way anow test or Kruskal-Wallis H or chi-square test.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose;
GGT, gamma-glutamyl transpeptidase; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; PV, plasma viscosity;
SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; WBV, whole blood viscosity.
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Whole blood viscosity is negatively associated with bone mineral

W

density in postmenopausal women with osteoporosis

Zong-yan Teng *, Li-<chun Pei*, Ying Zhang *, Ying Li *”, Rui-tao Wang **

* Deparsment of Geriatrics, The Saond A filierrd Hopital Harbin Medicnl Usiversity, Harbin, Hallongtiang, Ching
" Inernational Mrysical Exami nation and Hedlthy Center, the Second Affiliated Hospitd, Harbin Medicol University, Hosbin, Hedlongriong, Ching

Osteoporosis (OP) is associated with cardiovascular disease.
Moreover, osteoporosis has been shown 1o be an independent

predictor of cardiovascular mortality.

In conclusion, The findings show that WBV is elevated in osteoporosis
and negatively correlated with BMD.

—— ———— m—

R -

~nant of bone mass, but exercise with bading ofthe bone
impacton bone mass. The association between osteoporasis with carotid

atherosclerosis, peripheral arterial disease, cardiovascular disease, and
garoke has been well documented |1-4]. Furthermore, recent studies
show that osteoporasis is an independent predictor of cardiovascular
mortality |5.6]

Altered hemorheological parameters have also been shown to playa
crucial role in atherogenesis. Many cardiovascular risk factors, including
ageing, obesity, carotid intima-media thickness, are associated with
changes in hemorheological parameters | 7-9] Moreover, increased vis-
costy is observed in metabolic syndrome, hypertension, diabetes, is-
chemic heart disrase, and stroke [10-13] A recent study confirmed
that whole blood viscosity (WBV) is a predictor of cardiovascular
events. Sedentary lifestyle can easily result in slowing down of blood
flow and ingeasing plasma or whole biood viscosity. Recent studies

* Correspond ing author 2: Department of Ceratnics, The Second Affilated Hospetal
Harbin Medical University, NO.246 Xuehs ST, Nangang Destrce, Harban, 150086, China.
Fax: +86 451 86805725,

£ mad addwess: wangrunaaZ2008gmad com (R.Wang.

E756.3252/% - see front mater ©2013 Psevier Inc. All nghts reserved.
hap: fdx.dotong/! 0110 164 bone 201 1.07.001

Study population

The study enrolled 481 postmenopausal women with similar edu-
cation background and income from the International Physical Exam-
ination and Healthy Center of our hospital between jan 2009 to
Dec. 2010 |16 This is a case-control study and there are 318 patients
and 163 controks. They were matched for type 2 diabetes and hyper-
tension. Informed consent was obtained from every subject The
study protocol was approved by the Ethics Committee of the Second
Hospital of Harbin Medical University, China.

Clinical characterisncs

Clinical data inc huding medical history, lifestyle behaviors and medi-
cation use were recorded for each participant. Regular leisure-time phys-
ical activity was defined as participation in moderate or igorous activity
for 30 minutes or more per day at least 3 days a week. All the subjects
underwent physical examination which inchaded anthropometric and



Rlood Viscositv in Suihiects With o o s oo

Enrolled subjects were divided into three groups according to blood
glucose: group A, blood glucose <90 mg/dL; group B, blood
glucose ranging from 90 to 99 mg/dL; and group C, blood glucose
ranging from 100 to 125 mg/dL.

Hematocrit (P < 0.05) and BV (P between 0.01 and 0.001) were
significantly higher in groups B and C compared with group A.

The current study shows a direct relationship between BV and blood
glucose in nondiabetic subjects. It also suggests that, even within
glucose values considered completely normal, individuals with
higher blood glucose levels have increased BV comparable with
that observed in subjects with prediabetes.

overloaded to pump blood in the vascular bed, and the blood itself, more vi See Mp/jerectivecommons crg/Rcanses by '
can damage the vessel wall. Furthermore, according to Poiseuille’s law (1), BV is ne-nd/3.0/ for details




CLINICAL RESEARCH

e-ISSN 1643-3750
© Med Sci Monit, 2015; 21: 3847-3852
DOI: 10.12659/MSM 895373

MEDICAL
SCIENCE

MONITOR

S Elevated Whole-Blood Viscosity is Associated
Published: 2015.12.09 With Gallstones

scer 1 Ji-bin Yin

StudyDesn A pepr 2,3 Ying Li
a3 on B . -
AF 4 Tiemin Liu

Among 849 enrolled patients, 421 (49.6%) had gallstone disease.
Compared with control subjects, whole-blood viscosity (WBV) levels
were increased in patients with gallstones.

We found that whole-blood viscosity at low shear rate was
Independently associated with gallstones. Whether control of
hyperviscosity would reduce the risk of developing gallstones
deserves further investigation.
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Blood viscosity as a sensitive indicator W) oo
for paclitaxel induced oxidative stress
in human whole blood

Whole-blood samples were collected from healthy volunteers and
co-incubated with PTX, CrEL or their combination then compared
with control blood samples. After a 24 h incubation time, the whole-
blood viscosity (WBV), erythrocyte sedimentation rate (ESR), levels of
whole-blood malondialdehyde (MDA), protein carbonyl content
(PCC) and reduced glutathione (GSH) were determined. Moreover,
plasma nitrite and plasma sialic acid (SA) values were measured.

The present study demonstrates that PTX-induced oxidative stress is
associated with an increase of WBV.

. S——
I erythrocytes aggregability (Simmonds o al., 2013). Addition- '
amcters 2 affe by blood

| — | — owe ally, blood rheological paramcters arc affected




Research article

Serum bilirubin and lipoprotein-a: How are
these associated with whole blood viscosity?

E. U. Nwose*2, R. S. Richards?, P. Bwititi3, E Butkowski#4

'School of Community Health, Charles Sturt University, Albury, NSW, Australia, “Institute of Clinical Pathology
& Medical Research, Nepean Hospital Pathology, Kingswood, NSW, Australia, "School of Biomedical Sciences,
Charles Sturt University, Wagga Wagga, NSW, Australia, “Institute of Clinical Pathology & Medical Research,
South West Pathology, Albury, NSW, Australia

Background: It has been demonstrated that oxidative stress can induce red blood cell rigidity and
haemolysis, which in turn can cause hyperviscosity and hyperbilirubinaemia, respectively. However
haemolysis may be associated with a low level of haemoglobin, which reduces whole blood viscosity
(WBV). Bilirubin can behave as antioxi or oxidant. and one unchared course for diagnostic patholoay

This pilot study suggests that hyperbilirubinaemia and hyperviscosity
are associated and positively correlated. Consideration of whether
serum bilirubin (as an indirect index of oxidative stress) can
be used in combination with WBV (as index of macrovascular effect
of oxidaftive stress) to assess oxidative damage is recommended

Introduction
In clinical diagnodtic practice, bilirubin measurement is
an important component of the test panel for liver func-
tions, Total bilirubin is commonly used for monitoring
of patients with anaemia who are suspected of disorders
associated with haemolysis. Hyperbilirubinaemia has
been associated with circadian rhythm and oxidative
stress.” Circadian rhythm has been linked to several
physiological processes including antioxidant activi ies
vis-d-vis oxidative stress and blood viscosity.**
Interestingly, and typical of pamdoxical properties of
antioxidants bilirubin can behave as an antioxidant or
oxidant depending on its concentration.” Particularly,
bilirubin at low concentration isan antioxidant in neo-
natal jaundice,” but during haemolysis it is possible
Camspondence ta. wose, sttt of Clrical |

Rosawch, Nepean * td Patwology, Derty Stwet
2747, Austraia Emasl: nwosseuGhotmal coer
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that bilirubin free radicals such as lumirubin may be
generated:®’ thereby conferring oxidant properties
on bilirubin

The concept of bilirubin being associated with oxi-
dative stress is interesting with potential for its use in
laboratory medicine diagnosis, because it is an estab-
lished routine laboratory index. Given that oxidative
stress may be associated with serum bilirubin lewel
on one hand, and exacerbates whole blood viscosity
(WBV) on the other, it is worth investigating
whether bilirubinaemia could be associated with
WBYV. Further, evidence of oxidative stress and a con-
comitant demonstration of any of the effective vascu-
lar events including increase in WBYV is necessary (o
establish oxidative damage” If bilirubinaemia is
associated with WBY; it would be worth investigating
how or whether the two parameters are correlated,
given the antioxidant and pro-oxidant properties of

Redox Repodt 1 7 o 1



Plasma viscosity, ADMA and oxLDL values were significantly higher

in subjects with dyslipidemia than in subjects with normolipidemia.

Plasma NOx concentration was decreased in dyslipidemic subjects
compared to the normo-lipidemic subjects.

Our results demonstrated that the rheological impairment of
dyslipidemic patients was related with endothelial dysfunction and
this was a possible cause of both micro and macrovascular
complications. Therefore, as plasma viscosity is also a sensitive
parameter, it can add useful information about the diagnosis and
treatment of various disorders, and it should be utilized more
frequently in clinical medicine.

develop further understanding of CVD process to pinpt;inl new areas named as hemorheology for targeted .

tanbul University, Cerrahpasa Medical Faculty, Biophysics Department, Fatih
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Viscosity Calculation

Viscosity High shear rate: WBV (208 Sec-!) 16-18 (males)
[0.12 X h] + [0.17 X (p - 2.07)] 15.56-17.5
(females)

Example [0.12 X 147] + [0.17 X (7.3 -2.07)] =
18.5




Liver Disease




Why be concerned about the liver?
. __

* Associated with obesity, insulin resistance and diabetes

* Also associated with sub-clinical depression and sub-clinical
anxiety

* Associated with cognitive impairment and even loss of self-
esteem

* Also associated with chronic pain



Why use blood chemistry calculations?
e

* 30% of the population has fatty liver
* 90% of the obese population has fatty liver

* Liver enzymes (AST, ALT) fail to detect fatty liver most of the time

* Up to 60% of patients with NAFLD and normal ALT can have NASH or
advanced fibrosis

* 53% of patients with NAFLD with increased ALT do not have NASH or
advanced fibrosis.

* Liver biopsy only evaluates 1/50,000™ of total liver mass
* Prone to error due to “patchy” histological changes
* Expensive, invasive
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BMC Gastroenterology BloMed Cera

The Fatty Liver Index: a simple and accurate predictor of hepatic
steatosis in the general population

Giorgio Bedogni!, Stefano Bellentani?, Lucia Miglioli2, Flora Masutti!,
Marilena Passalacqua?, Anna Castiglione! and Claudio Tiribelli*!

216 subjects with Ohd 280 without suspected liver disease were
studied. FL was diagnosed by ultrasonography

An algorithm based on BMI, waist circumference, triglycerides and
GGT had an accuracy of 0.84 (95%Cl1 0.81-0.87) in detecting FL. We
used this algorithm to develop the "fatty liver index” (FLI), which
varies between 0 and 100. A FLI < 30 (negative likelihood ratio = 0.2)
rules out and a FLI > or = 60 (positive likelihood ratio = 4.3) rules in
fatty liver.

pidemiologic studies. Validation of FLI in external populations is needed before it can be employed .
for these purposes




Fatty Liver Index
\

* Uses triglycerides, BMI, GGT and waist circumference




Fatty Liver Index
e

FlL| = (90.953*Ioge (triglycerides +0.139*%BMI+0.7 18*loge (GGT)+0.053*waist circumference-
15.745) / ( ] +eO.953*Ioge (triglycerides)+0.139*%BMI +0.718*loge(GGT +0.053*waist
circumference-15 .745) *100

* <30 rules out fatty liver
* >60 rules in hepatosteatosis
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https://www.thecalculator.co/health/Fatty-Liver-Index-(FLI)-For-Hepatic-Steatosis-Calculator-1109.html 1 c Q Search

he Calculator
i LalCliatol

Fatty Liver Index (FLI) For Hepatic Steatosis Calculator

This fatty liver index (FLI) for hepatic steatosis calculator helps diagnosis FL based on patient BMI, triglycerides,
GGT and waist circumference for referral to ultrasonography. There are instructions on the calculation method used
and more information on the original study in the text below the form.

BMI (Calculate BMI separately):*
Waist Circumference:* cm -

Serum Triglycerides:*

Serum GGT:*

CALCULATE | RESET

* https://www.thecalculator.co/health/Fatty-Liver-Index-(FLI)-For-
Hepatic-Steatosis-Calculator-1109.html



Table 1 Clinical and metabolic characteristics of subjects according to the presence of FLI >40)

Variables All subjects Group A Group B p value
(n = 448) (n = 208) (n=240)
(FLI <40) (FLI =40)
Age (years), median (IQR) 62.54 (56.77-70.15) 63.92 (54.80-68.65) 68.37 (59.22-70.70) 0.07
LUTS, n (%) <0.01
Mild 144 (32.1 %) 88 (42.3) 56 (23.3)
Moderate 216 (48.2 %) 104 (50.0) 112(46.7)
Severe 88 (19.6 %) 16(7.7) 72 (30.0)
MetS, n (%) 216 (48.2 %) 40(19.2) 176 (73.3) <0.01
IPSS. median (IQR) 14.50 (6.00-19.75) 17.00 (6.00-18.00) 19.00 (11.00-23.00) <0.01
IPSS-storage, median (IQR) 5.00 (2.00-8.75) 5.00 (2.00-8.00) 7.0 (4.00-10.00) <0.01
IPSS-voiding, median (IQR) 9.00 (4.25-11.009) 9.00 (5.00-11.75) 10.00 (7.00-12.00) <0.01
1IEF-5, median (IQR) 19.00 (10.00-23.00) 18.00 (8.50-23.00) 16.00 (11.00-21.00) <0.01
ED (IIEF-5 <22). n (%) 334 (76.8) 144 (69.2) 200 (83.3) <0.01
PSA (ng/ml), median (IQR) 2.03(0.74-4.75) 3.31(0.88.7.20) 3.10 (1.38-4.70) 0.56
Total prostate volume (cc). median (IQR) 36.25 (30.00-58.50) 34.00 (25.00-50.00) 50.00 (30.00-68.00) <0.01
Waist circumference (cm), median (IQR) 99.00 (92.00-104.75) 91.00 (86.25-98.75) 102.00 (98.00-105.00) <0.01
Hip circumference (cm), median (IQR) 98.50 (94.00-103.00) 95.00 (91.00-97.00) 101.00 (96.00-103.00) <0.01
BMI (kg/m?), median (IQR) 26.51 (24.54-29.23) 24.00 (23.04-25.71) 27.43 (26.64-30.12) <0.01
Glucose (mg/dl). median (IQR) 93.00 (86.00-102.75) 93.00 (85.75-101.75) 95.00 (89.00-104.00) <0.01
Cholesterol (mg/dl). median (IQR) 193.50 (169.25-221.50) 203.00 (174.00 (242.75) 190.00 (169.00-215.00) 0.22
HDL-C (mg/dl), median (IQR) 40.50 (34.25-49.75) 47.00 (33.00-56.00) 42.00 (39.25-55.00) <0.01
LDL-C (mg/dl), median (IQR) 127.20 (102.85-153.15) 135.40 (112.00-176.40) 118.40 (97.20-141.20) 0.31
Tryglicerides (mg/dl), median (IQR) 118.50 (75.25-163.00) 70.00 (50.25-120.00) 142.00 (101.00-164.00) <0.01
SBP (mmHg). median (range) 125.00 (120.00-140.00) 125.00 (120.00-140.00) 125.00 (120.00-140.00) 025
DPB (mmHg), median (IQR) 80.00 (70.00-85.00) 80.00 (66.25-83.75) 75.00 (70.00-85.00) 0.16
Insulin (mUI), median (IQR) 6.95 (4.62-9.85) 6.40 (4.60-7.90) 8.60 (4.60-10.80) <0.01
HOMA index, median (IQR) 1.63 (1.08-2.30) 1.50 (1.06-1.75) 1.98 (1.08-2.44) <0.01
HOMA =3, n (%) 56 (12.5 %) 8(3.8) 48 (20.0) 0.03
Total testosterone (mg/dl), median (IQR) 4.31 (3.56-5.80) 4.69 (4.20-6.00) 4.26 (3.31-5.74) <0.05
Estradiol (mg/dl), median (IQR) 16.90 (11.40-24.10) 20.30 (7.10-22.70) 16.10 (11.40-21.80) 0.56
AST (U/), median (IQR) 21.00 (18.00-28.00) 21.00 (18.00-27.00) 24.00 (18.00-28.00) <0.01
ALT(UA). median (IQR) 25.00 (17.25-30.00) 23.00 (22.00-27.00) 26.00 (16.00-40.00) <0.01
GGT (UN), median (IQR) 20.00 (13.00-28.00) 14.00 (11.00-26.00) 21.00 (16.00-28.00) <0.01
NAFLD, n (%) 206 (45.98 %) 58 (27.88) 148 (61.67) <0.01
Fatty liver grade, n (%) <0.01
Grade 0 242 (52.02) 150(72.12) 92 (38.33)
Grade | 152 (33.93) 46 (22.12) 91 (37.92)
Grade 2 30(6.70) 10 (4.81) 42 (17.50)
Grade 3 24 (5.36) 2(0.96) 15 (6.25)
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NAFLD fibrosis score
——

* Validated calculation to identify level of fibrosis in NAFLD

* Age, BMI, hyperglycemia (fasting glucose levels 2 110 mg/dL or
previously diagnosed T2DM), platelet count, albumin and AST/ALT
ratio

* NAFLD

* Simple steatosis or non-alcoholic fatty liver

* NASH (steatosis, inflammation, hepatocellular ballooning)
* With or without fibrosis

* Cirrhosis

* Hepatocellualr carcinoma



NAFLD fibrosis score calculation

Non-Alcoholic —1.675 + 0.0373 x age + 0.0943 x BMI +  Low risk of fibrosis:
feoipnafiseniceiicn 113 X IFG or diabetes (yes=1,no=0) + <-—1.455
0.99 x (AST/ALT) ratio —0.013 x platelet  Intermediate risk
— 0.66 x albumin of fibrosis:
—1.455-0.676
High risk of fibrosis:
>0.676

—1.675+0.0373 x 38 + 0.0943 x 26 + 1.13
X IFG or diabetes (yes =1, no =0) + 0.99
X (28/21) ratio —0.013 x 163 —0.66 x 4.6
=-1.6408 (If “yes” =-0.5108)




Fibrosis-4 (FIB-4)
o

* Age, AST, ALT and platelet count

* FIB-4 outperformed the following calculations for the diagnosis of
advanced fibrosis :

* NAFLD fibrosis score
APRI

*
* age/platelet index
* AST/ALT ratio
* BARD score
* Nippon score
* T

hought to distinguish NASH from simple steatosis



Fibrosis-4 (FIB-4)
———

* (Age[years] x AST[U/L])/(platelet XVALT[U/L])

NASH
* Fib4 score < 1.30 = FO-F1 (80% positive predictive value)
* Fib4 score > 2.67 = F3-F4 (90% negative predictive value)

Hep C

* FIB-4 < 1.45: absence of cirrhosis

* FIB-4 between 1.45 - 3.25: inconclusive
* FIB-4 > 3.25: cirrhosis



Predictive Values of FIB-4 Index Scores for Advanced Fibrosis (stage 3—4)i

Low cutoff point | Indeterminate  High cutoff point | Total
(<1.30) (1.30-2.67) (>2.67)
Total 327 163 51 541
No advanced fibrosis 294 112 10 416
Advanced fibrosis 33 51 41 125
Sensitivity 74% 33%
Specificity 71% 98%
Postitive predictive value 43% 80%
Negative predictive value 90% 83%
Interpretation Absence of advanced Presence of advanced
fibrosis fibrosis

*  Shah, Amy G, Alison Lydecker, Karen Murray, Brent N. Tetri, Melissa J. Contos, and Arun J. Sanyal. 2009.
“USE OF THE FIB4 INDEX FOR NON-INVASIVE EVALUATION OF FIBROSIS IN NONALCOHOLIC FATTY LIVER
DISEASE.” Clinical Gastroenterology and Hepatology: The Official Clinical Practice Journal of the
American Gastroenterological Association 7 (10): 1104-12. doi:10.1016/}.cgh.2009.05.033.



Fibrosis-4 (FIB-4)

(Age[years] x AST[U/L])/(platelet Fib4 score < 1.30 =
XNALT[U/L]) FO-F1

Fib4 score > 2.6/ =
F3-F4

(45 x 36)/(250 X\/36) = 1.08




- Original article

A novel model using mean platelet volume and
neutrophil to lymphocyte ratio as a marker of
nonalcoholic steatohepatitis in NAFLD patients:

massldim mwmduian Adiesles

NASH patients had an increased N/L ratio compared with non-NASH
cases (2.6x1.1 and 1.9x0.71l, respectively, P<0.001).

The N/L ratio correlated positively with NAFLD activity score,
proinflammatory cytokines, and CRP (P<0.001).

In addition, patients with advanced fibrosis (F3-4) had an N/L ratio
(2.5%£1.1) comparable with that of patients with early fibrosis (F1-2)
(1.8+£0.9) (P<0.001).

N/L Ratio staftistically significant at a cut-off of 2.4
* Neutrophils of 65 and Lymphocytes of 27 (65/27 = 2.4)

Comepandncs 16 Almed Abdd-Riak, MD, Tropical Mediting Depatment, WL FAUO WS USCa 0 CSIURAT ProgRosts 1l NCPaLOCeuuiar
Facity of Madiche, Mrsour Urivensity, Marsour 35518, Egypt carcinoma patients [10]. This ratio incorporates data on
20 100 790 1002; & 20 507 735 22; two different immune pathways — the lymphocytes
E Skt 78 By that expound the regulatory pathway and the neutrophils
Received 22 iy 2015 Accepied 17 August 2015 that are responsible for continuous inflammation [11].
02954-691X Copyright @ 2015 Woiters Kiuwer Health, Inc. Al nghts resenved

Copynght © 2016 Wolters Kluwer Health, Inc. All rights reserved.



Functional Medicine Diagnostic Workup




The Plan.



Cook vs. Chef









“Dysfunction” as an adaptation.

A conversation.



Insulin resistance is a cellular antioxidant
defense mechanism
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In the present study, we took a comprehensive approach
to identify factor(s) that might unity mulfiple 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.

| G} VAN ARG IS, 1A S B

intermediate in the insulin action pathway or does IR represent a

Author contributions: KILH, ARS, and DEL designed researchc KLH, ARS, CH.B,
NT, ALH, and GIM performed research; KLH, ARS, RS, HVR, EWK_ GIC, and

collection of distinet cellular disorders? For example, endoplasmic
reticulum (ER) stress, proinflammatory responses, oxidative stress,
intraceliular ceramide accumulation, or the activation of INK, IKK,
or PKC are all currently implicated in the development of IR in
overnourished or obese rodents (2, 3). In such models, correcting
any one of these intracellular stresses is sufficient o improve IR
leading to the possibility that these factors are somehow intercon-
nected. One view is that insulin receptor substrate 1 (IRS1)
represents @ common convergence point for many defects contrit

) 72908
uting to IR (4). However, this view has been challenged in that m307,,‘

ability of IRS1-independent receplor tyrosine Kinases 1o activale
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Mitochondrial O,*~ 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 O,*~ is upstream of IR in skeletal muscle
and adipose fissue.

The origin of IR has been difficult 10 elucidate in part due 10 the
diverse set of risk factors linked to this condition incdluding over-
nutrition, physical inactivity, pregnancy, Hepatitis C, polycystic
ovarian syndrome, HI'V protease inhibitor therapy, and antiinflam
matory corticosteroids. Do such factors converge at a common
intermediate in the insulin action pathway or docs IR represent a
collection of distinct cellular disorders? For example, endoplasmic
reticulum (ER) stress, proinflammatory responses, oxidative stress,
intracellular ceramide accumulation, or the activation of INK IKK,
or PKC are all currently implicated in the development of IR in
overnourished or obese rodents (2, 3). In such models, correcting
any one of these intracellular stresses is sulficient o improve IR
leading to the possibility that these factors are somehow intercon-
nected. One view is that insulin receptor substrate 1 (IRS1)
represents @ commeon convergence point for many defects contrib,

72908
uting to IR (4). However, this view has been challenged in that 11\308

ability of IRS1-independent receplor tyrosine Kinases 1o activale

www pnas org/cgt/dol/10.1073/pnas. 0907 380106

described a reproducible system for studying IR in myotubes and
adipocytes in culture relying on the translocation of the facilitative
glucose transporter GLUTA 10 the plasma membrane (5). This

Author contributions: KILH, ARS, and DE L designed research; KLH, ARS_ CH.B
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ARR. contributed new reagentsianalytic tools KLH, ARS, and CH B analyzed data
and KLH and D EJ wrote the paper

The authors declare no confict of interest
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L. and ABS. contributed equal dats
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This hypothesis is exciting for a number of
example, It suggests that IR may be a protective
mechanism, in which case we should perhaps reconsider
using therapeutic strategies o overcome unless they also
eliminate the primary defect. Moreover, it suggests that
cells have evolved sophisticated mechanisms fo not only
guard against nutrient lack, such as the AMPK pathway,
but also nutrient excess.

The origin of TR has been difficult to elucidate in part due to the
diverse set of risk factors linked to this condition including over-
nutrition, physical inactivity, pregnancy, Hepatitis C, polycystic
ovarian syndrome, HI'V protease inhibitor therapy, and antiinflam
matory corticosteroids. Do such factors converge at a common
intcrmediate in the insulin action pathway or docs IR represent a
collection of distinct cellular disorders? For example, endoplasmic
reticulum (ER) stress, proinflammatory responses, oxidative stress,
intraceliular ceramide accumulation, or the activation of INK, IKK,
or PKC are all currently implicated in the development of IR in
overnourished or obese rodents (2, 3). In such models, correcting
any one of these intracellular stresses is sufficient o improve IR
leading to the possibility that these factors are somehow intercon-
nected. One view is that insulin receptor substrate 1 (IRS1)
represents @ common convergence point for many defects contrit

) 2
uting to IR (4). However, this view has been challenged in that 11\309”‘

ability of IRS1-independent receplor tyrosine Kinases 1o activale

www pnas org/cgl/dot/10.1073/pnas 09072 380106

described a reproducible system for studying IR in myotubes and
adipocytes in culture relying on the translocation of the facilitative
glucose transporter GLUT4 1o the plasma membrane (S). This
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The B -cellis particularly vulnerable to glucolipotoxicity.
Other fissues, such as heart and skeletal muscle, that
express the insulin-regulated glucose transporter GLUT4

gluco

eni

nave the capacity to protect themselves from
ipotoxicity by developing IR, which restrains glucose
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potentially damaging process.
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OS has been shown to be associated with both hyperthyroidism and hypothyroidism [42]. However, the
mechanisms by which OS is generated in these two clinical conditions are different: increased ROS

production in hyperthyroidism and low availability of antioxidants in hypothyrmdlsm
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OS in animals and humans. In this context, the nonthyroidal illness syndrome (NTIS) that typically
manifests as reduced conversion of thyroxine (T4) to triiodothyronine (T3) in different acute and chronic
systemic conditions is still a debated topic. The pathophysiological mechanisms of this syndrome are
reviewed, together with the roles of deiodinases, the enzymes responsible for the conversion of T4 to T3, in
both physiological and pathological situations. The presence of OS indexes in NTIS supports the
hypothesis that it represents a condition of hypothyroidism at the tissue level and not only an adaptive

mechanism to disecases.

1. Introduction Go to: ()

Oxidative stress (OS) is defined as an unbalance between the production of prooxidant substances and
antioxidant defenses. The most important prooxidants are the reactive oxygen species (ROS) and reactive
nitrogen species (RNS) [1]. The ROS family includes superoxide anion, hydroxyl radical, hydrogen
peroxide, and hypochlorous acid. The first three substances are produced in vivo mainly by the
mitochondrial respiratory chain during the oxidative metabolism of energetic substrates [2, 3]. They are
regulators of redox-sensitive pathways involved in cellular homeostasis [4] and influence some
transcription factors, in addition to the endogenous antioxidant pool [4-7]. RNS are peroxynitrite,
produced by the reaction of nitric oxide (NO) with superoxide, and nitrosoperoxycarbonate, formed by the
reaction of peroxynitrite with carbon dioxide. ROS and RNS are considered important pathogenetic factors
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...on hypothyroidism and OS in humans are conflicting. In a group
of patients with primary hypothyroidism, Baskol et al. [64] found
high plasma levels of malondialdehyde (MDA), an OS marker
that is formed by lipid peroxidation, and NO, low activity of
paraoxonase- (PON-) 1, an enzyme synthetized in the liver with
antioxidant properties, and SOD levels not significantly different
from those of conftrols. Interestingly, the treatment with thyroid
hormones decreased MDA levels and increased PON-1 activity,
even though values similar to those observed in controls were not
reached [64]. They hypothesized that in patients with
hypothyroidism the prooxidant environment could play a role in
the development of atherosclerosis.

antioxidant defenses. The most important prooxidants are the reactive oxygen species (ROS) and reactive
nitrogen species (RNS) [1]. The ROS family includes superoxide anion, hydroxyl radical, hydrogen
peroxide, and hypochlorous acid. The first three substances are produced in vivo mainly by the
mitochondrial respiratory chain during the oxidative metabolism of energetic substrates [2, 3]. They are
regulators of redox-sensitive pathways involved in cellular homeostasis [4] and influence some
transcription factors, in addition to the endogenous antioxidant pool [4-7]. RNS are peroxynitrite,
produced by the reaction of nitric oxide (NO) with superoxide, and nitrosoperoxycarbonate, formed by the
reaction of peroxynitrite with carbon dioxide. ROS and RNS are considered important pathogenetic factors




Functional Medicine of the next 10 years is
going to stop asking “What's wrong"” and

start asking:

WHAT IS YOUR INNATE INTELLIGENCE UP TO?



Shift Pattern




When you ask "“What's Wrong,” you end up
chasing sickness and disease.

When you SHIFT and ask “What’s Innate
Intelligence up to0,” you end up chasing
health and wellness.



