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* Blogenetix 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.



You can't manage what
you don't measure.
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Osmolarity

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



Osmolarity

Increased Osmolarity Decreased Osmolarity

Hyperglycemia Hyponatremia (hypothyroidism, adrenal
Hypernatremia (dehydration) insufficiency)
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Physiologic basis for understanding quantitative dehydration

assessment’™

Samuel N Cheuvront, Robert W Kenefick, Nisha Charkovdian,

ABSTRACT
Dehydration (body water deficit) is a physiologic state that can have
profound implicatons for human health and performance. Unfortu-
nately, dehydration can be difficult to assess, and there is no single,
muwna]gol‘lsmﬂmdﬁontuﬂmnnkng lnlmamck wereview
the iologic basis for ing Iy -
sessment. We highlight how phe nomenologic mrpu'mmmef&-
hydration ttpcmi critically on the type (dehydration cem'pmtd with
volume dep and itude {moderate
of dehydration, which in turn influence the csmotic {plasma camo-
lality) and blood volume-dependent compensatory thresholds for
tic and thirst In we review new find-
ings regarding the biological varation in csmotic responses to de-
hydration and discuss how this varation can help provide a
quantitative and clinically relevant link between the physiology
and phenomenology of dehydration. Practical measures with empir-

ical thresholds are provided as a starting point for improving the prac-
tice of dehydration assessment Am J Clhir Nutr 201397:455-62.
INTRODUCTION

Dty dration (body water deficit) is a comman 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 associaed with impaired physical per-
formance (), it may be linked with common public health
dimomders if left chronically untreated (9, 10). A greater severity of

«can result in significant medical costs, morhidity, and
mcn‘.nhty across the life span (11, 12). Although \‘Jl:p]!)mulugy 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 standard method of dehydmtion assessment for
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 phenomenclogy of dehydmtion is a recog-
mized source of chinical confusion {17) for which clarity is needed
to improve the prctice of dehydration assssment.
tions of dehydration depend criically on the type (dehydmtion

Am J Clin Nugr 2)13;97:455-62. Printed in USA. © 2013 American Society for Nutriion

and Michael N Sawka

pared with volume depletion) and magnitude (

compared with severe) of dehydration, which, in tum, influence
the plasma csmolality (Posm)*~ and blood volume (BV-de-
pendent compensatory thresholds for antidiuretic and thirst re-
sponses. We also discuss the recent application of hiological
variation analysis to asmaotic responses during dehydration for
its novel potential as an adjunct (17) to clinical dedision making.
Posm is the primary focus of this review because it is the key
regulated varishle in fluid balance (13, 14, 26-28), and it is
u:nmmly used to sareen ﬁ:lr dehydration and complement more
differential of dy ins and other

discases (3, 5, 28-30). The osmaolality of other body fluids
commonly used to assess dehydmtion (ie, urine and saliva) are
also mentioned as is the practical assessment of volume de-
pletlm Dcscnpm:ns «of other potential methods of dehydration
have been provided by other

mnhu:s 7, 16. 19, 31, 32). leplenmry reviews (33) ar
similarly suggested for detailed information related to sodium
(natriuresis and aH:ech and nonosmotic contributors (g,

=) to osmotic homenstasis.

FUNDAMENTALS OF OSMOTIC RESPONSES TO
DEHYDRATION IN HUMANS

Inits simplest form, the net body water halance is general Iy the
zero sum of food (water and solute) and fluid intake mimus in-
sensible and obligatory renal water losses (7). Fluid intakes,
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Osmolality Calculation

Osmolarity 2XNa+ .9xglucose + .93 x .5xurea+8 [288-292
1.897 x Na + glucose + urea x .5 + 13.5 mMOsm/kg
1.9 x (Na + K) + glucose +ureax .5+5

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

Glucose (mg/dl)/18 = mmol/L
« 104/18=15.7777

BUN x .357 = mmol/L
e 15x.357 =5.355
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LETTERS TO THE EDITOR

( had o efiect on the risk of
allcase monaley, mortality due to cancer, or y due o

503
Cum: for Hnu— chhphmxuhy

of Technak

cadiovacula divae
Desp e our overall finding, Hemia asens that some v tamins and
mincrals may be beneficial for specific subpopulations. We oo nour
with his suggedion that variables sech as age, sex, and lifesty ke fac-
tors might modify the effects of some vitamins, such that &fferential
effecs may emerge in difforent subpopulations. However. as pointed
out by Hemila. we were unable to porform subanalyses to ¢ uamine
the madifying effect of hose difforent vanables given that oaly tnal-
level data were avsilable.
i

idual level data were ible we ould have performed
uy‘udd-tynalmdhummluusl
Jy sis imvolves an addits and thes

& greater risk of a type | emor. Futharmaore, d‘wn-lytn
based on post hoc examination of data can lead 1o emoncous con-
chasions (2). The findings discussed by Hemila. relating 1o vitamin
E mortality risk across different age groups, still require replication
for this reason. To avoid these isues, we usad 3 limited number of

analyses to ine the overall effects of MVMM
-lpplcm in the general populdion, mther thas in specific
“u

| bpopulations.
Ous results were st engthenad by the Large pumber of tnals induded
inour amlyses, gencrating 3 lw ge pooked sample size. Akbough here
are soveral advantages to undentaing an indivadual-level data mota-
analysis, such an analysis is not alway s feasible. For example. we
excludad 7 relevant tnak from owr snalyss semply bocsuse tnal-level
data were unobtmnable. Given the difficuly in obtuining w data
from chicef mvedigatons {ovpecially when many of the tnals included
in our analyvis were mose than 3 decade old), undentaling & pasens
level met-analysis would have further diminishad the number of
trials included in owr analysis
Hemils stages hat owr meta-analysis is “imponant in disoungng
ordingy middle- agad people from nking MVMMa ™ We are not sure
how this conclusion was derived from our work given that owr mets-
analysis did nat speaifically focus on middle aged adults. Momover,
wheres we found no effect of MVMMs on manaliey acros aduls of ]
mﬁhﬂ*ﬂﬂ-pﬁhﬂ-hh#wnlm
Before our i
mm—umumq-qh-mmrmm»
vational studies () Ow mets-analysis showed that, across mn-
domizd wmﬂdmmﬂwﬂnm had po effect
on lity (1) Although we dedge that vitamine may
have different effects in different subpopulgtions, it was first nec-
essary to investigate the overall effects of MVMM supplementa-
tion in the genenal population. ldentifying a hamaful effect of
MVMM wse acroms all adults would have shown greater implica-
nal than Iddldyu. a harmful effect in one of many naow
of in our mets anal we call for further
uhm&l&mnlww-cnﬂ-pndh—n
health (1) This includes examinstion of MVMM use in specific
sub popu lation s
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Limitations to the use of plasma osmolality as
a hydration biomarker

Dew Sir:

lnlmlmmﬂmumw.‘)u“d.te
gold dard for & dration (1), without ad
ation of i ts i mitations. however, published data dispute this tech-
migue (2, 3), which prompts us 10 write in response to the recent
anticle by Cheuvront et al (4) with regand 1o quantitative dehy-
drtion This anticle ly states that P is the
key regulated varishle in fluid balance, which means that P__ is
constantly regulated toward & central set point as the kidneys
madify arine and waer in response to
diet and daily activities. We believe that this contml lad regulation
limits the efficacy of Puw as an index of hydmtion change in
many experimental designs. This anticle (4) also states that the
“eriticisms for adopting P #s & gold standwd for deh ydration
asscssment are minimal” (p 460). We disagroe and write 1o de-
scribe several limitstions 10 the wse of P, as 3 gold standwd for
dehydration

Fist. individuals who loe 3 Lage amount of body water (epaed =
% body mass low rlaive 1o a beginning cubydnied st ) may exhibit
a docremed P, commry to 1 hemoconcentmton. For ex-
ample. 3 summary of 2 uudies (5) reported that the P, of & in-
dividuals (out of 39) decreasad affer they b 3-8% of body mas
In a dfferent srudy, men and women who consumad a S00-ml. hols
of fluid acutely exhibited an increasad P, contrary to anticipated
hemodiligon (1) that &, after 90 min of rest, 4 of 30 P, mes-
swements incresed. These values show that P may oot reflea
widely accepted physiologic principles, and that varisnce of P
mecasurements may be large.

Second, evidence saggests that P changes we time- and
protocol-specific. Unpublishad observations (CX Mufioz, EC
Johnson, JK DeMastini, et al, 201 2) show that dehydrmtion equiv-
alent 10 2% of body mass msulted in P changes that were
twice as large hlill mild cycling exarcise (2.3 b AP of 9
mOum/kg ) d with a passive exp GOk £ __ of d
mOum/kg & 'Im:ip-n consumed no water during -tﬂlh.l in
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Dehydration

* 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
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Effect of Hydration on Whole Blood Viscosity
in Firefighters

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

ABSTRACT Participants « Participants were 9 healthy, nonsmoking
Context « Cardiovascular disease (CVD) is the leading  firefighters who were volunteers.
mdm@dﬂhmﬁnﬁmmmd mmn Vhalﬂgm.u:dtlomlnudlal

......

Dehydration during the mock fire drill resulted in elevated WBV at bo’rh 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.

s o S g T S — -
E-mail address: choyi@drexel edu into acute and chmna: slmssnn Acu.u- slmmrs include
irregular physical exertion, smoke exposure, excessive heat
and dehydration, and duty-specific hazards, whereas chronic
Card.invn:uhr disease (CVD) is the leading cause of stressors include long sedentary periods, shift work and
on-duty death among firefighters—45% of on-duty partial sleep deprivation, firchouse dietary patterns, and
fatalities—and a major cause of morbidity' occupational stress.'
Proportionately, firefighters experience the highest rates of A significantly higher prevalence of cardiovascular risk
mortality while on duty due to CVID) when compared to the factors, such as current smoking, hypertension, diabetes
rates of other occupational groups and other public safety mellitus, and hypercholesterolemia, was found among

44  ALTERNATIVE THERAPIES. JULY/AUGUST 2013, VOL. 19. NO4 Holsworth — Hydration and Whole Rlood Viscosity



Increased whole blood viscosity is associated with silent
cerebral infarction.

A cross-sectional study was conducted to evaluafe the association between
hemorheological parameters and SCl in 1487 subjects (868 men and 619 women)
undergoing medical check-up.

The participants with SCI had hicégher 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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Flevated whole blood viscosity Is associated with insulin resistance and nonalcoholic fatty liver
disease-a population study

Short title: Elevated whole blood viscosity is associated with NAFLD

Authors: Hong-yan Zhao®, Jing L%, Min Xu, Than-ge Wang, Wan-wan Sun, Ying Chen, Yu-
fang Bi, Wei-ging Wang+, Guang Ning
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Over 8,000 Chinese subjects were used. 30% hokd 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

Ying Li - Xiu-xia Tian * Tiemin Liu -
Rui-tso Wang

Received: 16 May 2014 / Accepiet 9 Octcber 2014
© Sprmger Scrme+Bnmes Media New York 114

The findings showed that baPWYV increased as WBV (3 s(-1)) elevated in DM.
Moreover, WBV (3 s(-1)) is independently associated with baPWYV 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.

MCIADONC Paramcicns WOt COMparcad aToss wWBy (9 s
quartiles. The ntal values of baPW V gradudly Ilclu.lod

with WBV (3 ¢ ') quartiles. In addition, there was a  Introduction

positive correlation between baPWV and WBV 35 ' in

paticnts with DM afier adjusting confounding factors  Type 2 diabetes mellitus (DM) is associated with an

{r = 0285, p = 003). Sicpwisc multiple lincar regres-
sion analysis further revealed that WBV B3sNisa

Y. Li - X Tisn - R Wang ()
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Harbin Medical University, NO. 246 Xuefu ST, Nangang
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increased risk of stroke and coronary heart discase (CHD)
md non-vascular mortdity (1, 2]. The occurmence of
insulin resistance accompanied with hyperviscosity worns-
ens the state of athemsclarosis in pationts with DM. Fur-
thermare, both DM and hyparviscosity have the tendency
to develop thrombosis [3] Recent studies demonstrated
that hyperviscosity in DM is strongly influencad by the
excdlence of glycemic control [4-6).

Anerial stiffness due 10 deareased anerial compliance is
onc of the major signs of vascular aging |7]. Elevated
anenal stiffness, an inds of subclinical 1
is msociated with myocardid infarction, hean falure,
stroke, renal discase, and all-cause monality [8]. Brachial-
mkle pulse wave velocity (haPWV) measurement, a sim-
ple, , and method.
rmﬂunﬂ“ of muscular arterics and is widely used

€) 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'

Departments of *intensive Care Unit and ‘Genatrics. and “international Physical Examination and Healthy Center, The Second Affilated Hospital,
Harbin Madical Unwersity, Harbin, Helongjang. China

lay e Abstract

arteral stiiness. brachalankie puise wave

welocity, non-aicohoks tatty bver disease. achar and Alms: Noo- fatty liver discase (NAFLD) is an independent
whole blood viscosity mlftu:!au:wd -lhmln.m'duuu T!tbuthulvnﬂcmh: n:vdu:y

The present study showed that baPWV elevated as WBV (3/5)
increased in NAFLD. Moreover, WBV (3/s) is independently
associated with baPWV even after adjusting other cardiovascular
risk factors. Early detection of abnormal WBYV levels at low shear rate

should warrant for early search of undetected arterial stiffness in
patients with NAFLD.

chroaic liver condition in the Western countrics, affecting 20-40% are associsied with changes in hemorheological parameters.™ ™

of the gencral population. Recent studics showed that NAFLD is Morcover, increased viscosity is observed in metabolic syn-
an indcpendent risk factor for increased cardiovascular discase. drome, hypertension, diabetes, ischemic hean discase, stroke, and
Evidence also indicated a graded association between NAFLD  cogaition. ' A recent study confirmed that whole blood viscosity
severity and increased vascular risk. However, there are no suit- (WBV) is a predictor of cardiovascular cvents.

able noninvasive biomarkers of NAFLD severity to allow better We speculated that WBY may be onc of the major pathological
risk based on car outcomes. mediators of cardiovascular discase in NAFLD. Therefore, the

Elevaied arterial stiffness, an index of subclinical atherosclero- purpose of the study was to gate if
sis, is linked with myocardial infarction. hean failure, stroke, arc indcpendently associaied with baPWYV in plm with
dementia, renal discase, and clevated total mortality.” Pulse wave NAFLD.
velocity (PWV) reflects the stiffness of central and peripheral
muscular arteries, and is widely used as an index of anterial stff-
ness and vmul-'mmm Brachial-ankle PWV (baPWV) mea-  Methods

simple. , and

method, Imd comelated with sortic PWV.” Previcus studies  Participants. The study included 2032 persons (1035 men

found “l. increased baPWYV is associated with metabolic syn- and 997 women) who received geacral health examination in ous
drome. untov-nlhrdluln stroke, and renal discase, as well hospital from January 2009 to December 2010. We obtained
as elevated total mortality * informed consent from all subjects. The study protocol was

540 Jowrnal of Gastrasrderoiagy and Hapatology 29 (20141 540. 504
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Table 1 Clinical and biochemical characteristics of male subjects with non-alcoholic fatty liver disease

Quartiles of WBV (3/s)
n Q1 Q2 Q3 Q4
259 259 259 258

Age (years) 485 (5.5) 48.2 (6.2) 47.3(5.9) 49.9 (6.7)

BMI (kg/m?) 245(3.3) 24.4(3.2) 249 (3.4 24.81(2.6) 0.124
Smoker (%) 116 (44.8%) 104 (40.2%) 135 (62.1%) 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 73.8(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) 4.79 (4.48-5.13) 4.91 (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 (mmollL) 2.981(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(18.0-42.0 27.00(19.0-49.0) 27.0(18.0-43.0) 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 14.0) 42814.9) 43.8(3.6) 0.010
Fibrinogen (mg/dL) 329.1(69.4) 333.2 (65.9) 3349(72.8) 351.0(85.1) 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.

as elevated total mortality.*” informed consent from all subjects. The study protocol was

540 Journal of Gastrosrtaroiogy and Hapstdlogy 29 (20141 540 504
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Table 2 Clinical and biochemical characteristics of female subjects with non-alcoholic fatty liver disease

Quartiles of WBV (3/s)

n Q1 Q2 as Q4
251 248 251 247

Age (years) 47514.2) 48.9 (4.6 48.2 (4.1) 50.8 (4.7)

BMI (kg/m? 24.13.7) 24.1(2.9) 243(3.4) 246(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) 78.319.7) 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) 222 (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 (UML) 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 (U/L) 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 (%) 4281(4.8) 43.3(3.9) 426149 43.6 (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 anowa 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.

as elevated total mortality.™ informed consent from all subjocts. The study protocol was

540 Journal of Gastroentamiogy and Hepstclogy 29 (2014) 580-508
© 2013 Joumal of Gastrosnisroiogy srd Hepatolagy Foundstion and Wilsy Publahng Asa Py Lid
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Whole blood viscosity is negatively associated with bone mineral @__M
density in postmenopausal women with osteoporosis

Zong-yan Teng *, Li-chun Pei®, Ying Zhang *, Ying Li *®, Rui-tao Wang **
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Osteoporosis (OP) is associated with cardiovascular d|seose
Moreover, osteoporosis has been shown to be an independent
predictor of cardiovascular mortality.

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

mvlhmrm!,hmurm!ﬂmm‘d r-mmu arnlpt Materials and methods

impacton bone mass. The

atherosclerosis, peripheral anerial diseas, cmm. disase, and Study population

arole has been well documented |1-4) Furthermare, recent studies

show that osteoporosis is an independent predictor of cardiovascular The study enrolled 481 postmenopausal women with similar edu-

martality [5.6] cation background and income from the International Physical Exam-
Akered hemorheological parameters have alo been shown topliya  ination and Healthy Center of our hospital between Jan. 2000 1o

conxial le in atherogenesis. Many cardiovascular risk factors. including Dec. 2010 ]16) This is a case~control study and there are 318 patients
ageing. uhrﬁ!y carotid intima-media thickness, are awociated with  and 163 controk. They were marched for type 2 diabetes and hyper-
changesin ers| 7-0) M edvis-  tension Informed consent was obtained from every subject The
cosity is dia\ldnﬂ!ldnl qnh:ml hypenension, diabetes, is- study protocol was approved by the Ethics Committee of the Second
chemic heart disease, -ﬂmm[lmlilnm study confirmed Hospital of Harbin Medical University, China.

that whole blood viscosity (WBV) & a predictor of candiovascular

events. Sedentary lifestyle can easily result in slowing down of blood Clinical characterstics

flow and ingeasing plasma or whole blood viscosity. Recent tudies

Chinical data inc hading med ical history, lifestyle behaviors and medi -

—~ - " cation use were recorded for each paticopant. Regalar keisure time phys-

p Yala ST. N o et ical activity was defined as participation in moderate of vigorous activity

hax .-.“.‘:mn;‘m‘ " , - for 30 minutes ar more per day at leas 3 days a u&mw-m
sl addbwrss wangrum3a 2208 prad com (R Wang). underwent physcal which inchuded
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Rlood Viscositv in Subiects With Chacits beuy it Quraliy

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 hondiabetic 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.

overioaded 1o pump blood in the vascular bed, and the blood itself, more vBus, e hetp /freative commons arg/lcemse, /by
can damage the vessel wall. Furthermore, according to Poiseuille’s law (1), BV is nc-nd/3.0/ for detois
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Among 849 enrolled patients, 421 (49.6%) had gallstone d|secse
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
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.

nign sn wh
E | erythrocytes aggregability (Simmonds o al, 2013). Addition-
| B | Prwdustion s hasting by Eleovier | ally, blood rhcological parametcrs are affecied by biood

13190164 © 2014 King Saud Universty. Production and hosting by Flevier B.V. All rights reserva!
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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 Butkowski4

'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 demonstraled that oxidative stress can induce red blood cell rigidity and
haemolysis, which in turn can cause hyperviscosity and hyperilinubinaemia, respectively. However,
haemolysis may be associated with a low level of haemoglobin, which reduces whole blood viscosity
(WBV). Bilirubin can behave as antioxidant or oxidant, and one uncharted course for diagnostic pathology

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

Introduction
In clinical diagnodic practice, bilirubin measurement is
animportant component of the test panel for liver func-
tions. Total bilrubin is commonly used for monitoring
of patients with inwhoare susp d of disord
tated with h lysis. Hyperbilirub has
been associated with circadian rhythm and oxidative
stress.’ Circadian thythm has been linked to several
physiclogical processes including antioxidant activities
visd-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 is an antioxidant in neo-
natal jaundice,” but during haemolysis it is possible

Camsnrienceta £ U Nwosa hattule of Clrical Pahaogy & Medics
Rasarch, Nepamn Hosgits Patoiagy. Derty Stamt Mingewoad, NSW
2747 Amraia Emal nwosss @rotnal com

© WS Masey & Son Lid sein
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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 level
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 WBY is necessary to
establish oxidative damage” If bilirubinaemia is
associated with WBYV; it would be worth investigating
how or whether the two parameters are correlated,
given the antioxidant and pro-oxidant properties of

Redoxlepod 2012 a7 et



Clinical Hemorheology and Microcirculation 57 (2014) 315-323
DOL:10323VCH- 131706

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 tupinpu.int new arcas named as hemorheology for targeted

*Corresponding author e Meltem Ercan, Istanbul Univeruity, Cemrahpasa Medical Faculty, Biophysics Department, Fatih
Kocamustafa Paga-lstanbul/Tiarkiye. Tel: +90 212 4143069, Fax: 490 212 4143069; E-mails' melem@ istanbul edu tr,
melathS @ yahoo.cc m

1386-0291/14/527 .50 © 2014 - 108 Press and the authors. All rights reserved



Viscosity Calculation

Viscosity High shear rate: WBV (208 Sec- 16-18 (males)
[0.12 X h] +[0.17 X (p - 2.07)] 155-17.5
(females)

[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-
estfeem

+ Also associated with chronic pain



Why use blood chemistry calculations?

+ 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 tfime

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



Steatosis
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Fatty Liver Index

+ Uses triglycerides, BMI, GGT and waist circumference



BMC Gastroenterology WloMed Cerea
Research artide

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*!

Adidress: 'Centro Seudi Fegato (Liver Research Cenaer), ARFA Scie -.-i Rasowizza, Trieste. and Depanment o n.‘.r. lu»ph and
acre $« hr mustry, Lniversty ¢ llnr-u Trieste. luly m] Ation and Liver Center, AUSL Modena, Carpi | -.p-u anmp. U«»er

216 subjects with Ond 280 without suspected liver dlsease 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.

epidemaciopic studies. Vahdaoon of FLI in external populations is needed before t can be employed
for these purposes.

Page 17
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Fatty Liver Index

FL| = (eO.953~hoge (triglycerides +0.139%BMI+0.718*loge (GGT)+0.053*waist circumference-
15.745) /(1+e0.953*loge (triglycerides)+0.139x%BMI +0.718%loge(GGT +0.053*waist
circumference—15.745)~k100

+ <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 El €& Q Search

Fatty Liver Index (FLI) For Hepatic Steatosis Calculator Searc

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):* kg/m?

Waist Circumference:* cm
Serum Triglycerides:” mg/dL

Serum GGT:* Iu/L

CALCULATE J§ RESET

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



Table 1 Clinical and bolic ch 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) <001
HEF-5, median (IQR) 19.00 (10.00-23.00) 18.00 (8.50-23.00) 16.00 (11.00-21.00) <0.01
ED (1IEF-5 <22), n (%) 334 (76.8) 144 (69.2) 200 (83.3) <001
PSA (ng/ml), median (IQR) 2.03(0.74-4.75) 3.31 (0.88.7.20) 3.10(1.38-4.70) 056
Total prostate volume (cc), median (IQR) 36.25 (30.00-58.50) 34.00 (25.00-50.00) 50.00 (30.00-68.00) <001
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 ci fi (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
Chol | (mg/dl), median (IQR) 193.50 (169.25-221.50) 203.00 (174.00 (242.75) 190.00 (169.00-215.00) 022
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) 031
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) £0.00 (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) <001
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 %) £(3.8) 48 (20.0) 0.03
Total (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 (UN), median (IQR) 21.00 (18.00-28.00) 21.00 (18.00-27.00) 24.00 (18.00-28.00) <0.01
ALT(UN), 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 = 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
Fatty Liver Disease

Example

1.
1.13 X IFG or diabetes (yes =1, no =0) +
0.99 x (AST/ALT) ratio — 0.013 x platelet -
0.66 x albumin

—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)

Low risk of fibrosis:
< —1.455
Infermediate risk
of fibrosis:
—1.455-0.676
High risk of fibrosis:
>0.676




Fibrosis-4 (FIB-4)

« 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

hought to distinguish NASH from simple steatosis

— % % % % %

%k



Fibrosis-4 (FIB-4)

« (Age[years] x AST[U/L])/(platelet XNALT[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}t

Low cutoff point | Indeterminate | High cutoff point
(<1.30) (1.30-2.67) 2.67)
Total 51
No advanced fibrosis 294 112 10 416
Advanced fibrosis 33 51 41 125
Sensitivity T4% 33%
Specificity 71% 98%
Positive 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/j.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 > 2.67
= F3-F4

SEIE (45 x 36)/(250 XV36) =1.08




B ciiginal articie

A novel model using mean platelet volume and
neutrophil to lymphocyte ratio as a marker of
nonalcoholic steatohepatitis in NAFLD patients:

multinantria ctidy

NASH patients had an increased N/L ratio compared with non-
NASH cases (2.6x1.1 and 1.910.7 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 Lymphocy’res of 27 (65/27 2.4)
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Facuity of Medicne, Mersaus Urivesity, Nanu.lm a5516 5;\‘. panmrs [‘10] Th nn incorpor: tt's d.a on

ifferent immune paﬂlwxys — the lymphocytes
md the regulatory pathway and the neurophils
responsible for continuous inflammaton [11].
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Calculating RBC Lifespan

* 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 HbATC (false positive)

+ Shorter-lived RBC, leads to less hemoglobin, and thus a falsely
decreased HbA1C (false negative)



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

Additional Inquiry

lalelaile = EE 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

Additional Inguiry

Untreated Nutrient deficiency leads to poor RBC Evaluate nutrient-related markers.
G itd e s production, despite attempts by the body
Sl En e sE P2 B to increase production

Anemia of Inflammation suppresses the ability to Evaluate other inflammatory markers.
inflammation make more red blood cells.
m Causes nutrient deficiency History




Calculating RBC Lifespan

Reticulocyte count: 0.8%
Hematocrit: 45

Correction of Reticulocyte Count Thus your equation would

alEInEilel(AC)M Reticulocyte Life Span ) .
- (RLS) look like this:

36-45 1.0
100/[0.8/1] = 125 days

26-35 1.5

16-25 2.0

EER 5

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




Summary

+ Osmolarity (dehydration)
+ Viscosity
« Liver dysfunction
« Fatty liver
*+ Fibrosis
+ RBC Lifespan
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