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

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

Disclaimer



You cannot manage what you aren’t measuring.



 Osmolarity
 Viscosity
 Fatty Liver
 Fibrosis
 N/L Ratio
 RBC Lifespan

Overview



Osmolarity





 Suggested that 
serum osmolarity
(extracellular fluid) 
reflects intracellular 
osmolarity

Osmolarity



Increased Osmolarity Decreased Osmolarity
Hyperglycemia
Hypernatremia (dehydration)

Hyponatremia (hypothyroidism, adrenal 
insufficiency)

Osmolarity





Osmolality Calculation
Osmolarity 2 x Na + .9 x glucose + .93 x .5 x urea + 8

1.897 x Na + glucose + urea x .5 + 13.5
1.9 x (Na + K) + glucose + urea x .5 + 5

288-292 
mOsm/kg

Example 1.9 x (Na + K) + glucose + urea x .5 + 5
1.9 x (141 + 4.1) + 5.8 + 5.36 x .5 + 5 = 289.17

Glucose (mg/dl)/18 = mmol/L
• 104/18 = 5.7777

BUN x .357 = mmol/L
• 15 x .357 = 5.355





 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

Dehydration



Viscosity



Dehydration during the mock fire drill resulted in elevated WBV at both low- and 
high-shear rates. HCT and Hb increased due to dehydration and 
hemoconcentration. Hb and HCT returned to baseline values after exercise and 
rehydration, and while WBV 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.



Increased whole blood viscosity is associated with silent 
cerebral infarction.

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 SCI 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.



Over 8,000 Chinese subjects were used. 30% had NAFLD.  
Positively association between WBV and NAFLD.



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.



The present study showed that baPWV elevated as WBV (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.







Osteoporosis (OP) is associated with cardiovascular disease. 
Moreover, osteoporosis has been shown to be an independent 
predictor of cardiovascular mortality.

In conclusion, The findings show that WBV is elevated in osteoporosis 
and negatively correlated with BMD.



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.



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.



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. 



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 oxidative stress) to assess oxidative damage is recommended



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.



Viscosity Calculation

Viscosity High shear rate: WBV (208 Sec-1)
[0.12 X h] + [0.17 X (p - 2.07)]

16-18 (males)
15.5 – 17.5 
(females)

Example [0.12 X 147] + [0.17 X (7.3 - 2.07)] = 
18.5



Liver Disease



 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 be concerned about the liver?



 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
 Liver biopsy only evaluates 1/50,000th of total liver mass
 Prone to error due to “patchy” histological changes
 Expensive, invasive

Why use blood chemistry calculations?





 Uses triglycerides, BMI, GGT and waist circumference

Fatty Liver Index



216 subjects with and 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%CI 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.



FLI = (e0.953*loge (triglycerides +0.139*BMI+0.718*loge (GGT)+0.053*waist circumference–

15.745)/(1+e0.953*loge (triglycerides)+0.139*BMI +0.718*loge(GGT +0.053*waist 

circumference–15.745)*100

 <30 rules out fatty liver
 >60 rules in hepatosteatosis

Fatty Liver Index



www.giorgiobedogni.it/varie/flicalc.xls



 https://www.thecalculator.co/health/Fatty-Liver-Index-(FLI)-For-
Hepatic-Steatosis-Calculator-1109.html







 Validated calculation to identify level of fibrosis in NAFLD
 Age, BMI, hyperglycemia (fasting glucose levels ≥ 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



NAFLD fibrosis score calculation

Non-Alcoholic 
Fatty Liver Disease

−1.675 + 0.0373 x age + 0.0943 x BMI + 
1.13 x IFG or diabetes (yes = 1, no = 0) + 
0.99 x (AST/ALT) ratio − 0.013 x platelet − 
0.66 x albumin

Low risk of fibrosis: 
< −1.455

Intermediate risk 
of fibrosis: 
−1.455–0.676

High risk of fibrosis: 
>0.676 

Example −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)



 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

 Thought to distinguish NASH from simple steatosis

Fibrosis-4 (FIB-4)



 (Age[years] × AST[U/L])/(platelet  X√ALT[U/L])

NASH
 Fib4 score < 1.30 = F0-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

Fibrosis-4 (FIB-4)



 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/j.cgh.2009.05.033.



Fibrosis-4 (FIB-4)

NASH (Age[years] × AST[U/L])/(platelet  
X√ALT[U/L])

Fib4 score < 1.30 
= F0-F1

Fib4 score > 2.67 
= F3-F4

Example (45 × 36)/(250 X√36) = 1.08



NASH patients had an increased N/L ratio compared with non-
NASH cases (2.6±1.1 and 1.9±0.7 fl, 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 statistically significant at a cut-off of 2.4
• Neutrophils of 65 and Lymphocytes of 27 (65/27 = 2.4)



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

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

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

decreased HbA1C (false negative)

Calculating RBC Lifespan



Reticulocyte Count

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

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

 Reticulocytes tend to be elevated in blood loss and/or hemolytic 
anemia but normal, or even low, in anemia of nutrient deficiency
 Poor RBC production due to low nutrient deficiency – they cannot make 

more
 But respond rapidly to nutrient supplementation by increasing production

 Thus reticulocytes can be helpful in seeing if nutrient supplementation is 
working or not



Reticulocyte count - Increased

Cause Reason Additional Inquiry
Hemolytic anemia Breakdown of red blood cells leads to low 

oxygen state, which is sensed by the 
kidneys and increases EPO production

Blood loss Same Client history.



Reticulocyte count - Decreased

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

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

Evaluate nutrient‐related markers.

Anemia of 
inflammation

Inflammation suppresses the ability to 
make more red blood cells.

Evaluate other inflammatory markers.

Alcoholism Causes nutrient deficiency History



Calculating RBC Lifespan

Correction of Reticulocyte Count
Hematocrit (%) Reticulocyte Life Span 

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

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

Reticulocyte count: 0.8% 
Hematocrit: 45

Thus your equation would 
look like this:

100/[0.8/1] = 125 days



 Osmolarity (dehydration)
 Viscosity
 Liver dysfunction
 Fatty liver
 Fibrosis 

 RBC Lifespan

Summary 
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