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Background: Whole blood viscosity (WBV) is emerging as a biomarker to predict cardio-cerebrovascular and peripheral vascular diseases. This
study aimed to establish reference intervals (RIs) of WBV using a cone-plate viscometer, in a Korean population.

Methods: From September to October 2017, the WBV levels of 286 healthy individuals (160 men and 126 women) were assayed using a ZL6000P
blood viscosity analyzer (Beijing ZONCI Technology Development Co., China). The RIs of WBV were defined at 5 and 300 s* using a nonparametric

percentile method, according to the CLSI EP28-A3 guideline.

Results: At 5 s, the median WBV (interquartile range, IQR) was 9.34 (8.54-10.29) millipascal-second (mPa-s) in the total population, 10.12 (9.33-
10.54) mPa-s in men, and 8.53 (7.95-9.08) mPa-s in women. At 300 s?, the median WBV (IQR) was 3.72 (3.45-4.00) mPa-s in the total population,
3.94 (3.74-4.10) mPa-s in men, and 3.42 (3.23-3.62) mPa-s in women. The WBV levels at 5 and 300 s™ were significantly higher in men than in wom-
en (P<0.001). The 97.5th percentile upper reference limit (URL) for WBV at 5 s* was 11.32 mPa-s in the total population, 12.08 mPa-s in men, and
10.38 mPa-s in women. The 97.5th percentile URL for WBV at 300 s* was 4.47 mPa-s in the total population, 4.83 mPa-s in men, and 4.22 mPa-s in

women.

Conclusions: This is the first study on the RIs of WBV using a cone-plate viscometer (ZL600OP blood viscosity analyzer) in Korea. We suggest

that gender-specific RIs should be used for the Korean population.

Key Words: Reference interval, Whole blood viscosity, Cone-plate viscometer, Korean, ZL6000P blood viscosity analyzer.
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A F-90TH4, 9]. Contraves LS-30+= 5 s ©]8}2] Atk-g-9)| 4], Brook- 4 tF&-
field F=Al= 50 s o/Fe] Aol EH Hes AHeks| A 4 ol & A
AL oA QleH4, 91 WAl HE A2 A7 A FE A N 4-
I=A|(scanning capillary tube viscometen)7} YAFol| A AFE-E] 3L Q) (A, 3uFEAE] 39-49% (
AT 557 0]519} 300 s'of| 4] 2kt o]9br] Pl A= Ul -5 150-400x 10°/L, AEFY7E= <15 mm/h (F4)/<20
7] DN M o) Zat7kE AlgskaL QleH, 6, 101, mm/h (01/3)
Z|ol 4] ArEA 9] S-S Bt & EFolE HEA (5) G384 2 (Hemoglobin Al., HbAL) <65%
ZL6000P = Z47](Beijing ZONCI Technology Development 6 th-2-0] dntslear} ghmofl A AR oA A4S Za-E1t
Co., Beijing, China)2} ZL6000i Fx= Z47](Beijing ZONCI Tech- ol & A
nology Development Co.)7} 7|E|o] 21oFx] 3|7}5 HES & 9] TEYEY <126 mg/dL, T 6.7-8.3 g/dL, 44l 3.8-53
Ao AFEETL Gk e A 2] BE A% 704 2y gL, 228 13-47 g/
(speed attenuation method)2- ©]-8-5}0] Gl =& SHHol| =74 (7) Modification of Diet in Renal Disease (MDRD) HH O & =
slar, A& I o] AFE3lE]o] ShHo Uw& AAE Agg 4= e st AFEA o -E-(estimated glomerular filtration rate
o, oy} Eo] Jrs FAlO| SAY 4= Qlok ZL6000P = eGFR) [19]
ZA7)= 7160001 A& ZA 70| &3 A =S Harkness O & >90 mL/min/1.73 m? (40A]] B9, >60 mL/min/1.73 m* (40
29 42 9= mAJo] 27k Auloleti) A ol
0 A 0] o A vl WM A 1 AP Tl W 17, o) Lol 9 ki
Contraves LS-302} Wells-Brookfield A& o] 88t Aot-&H & AR oL, 7F At Tl M B BAofA WA 277, o
J7ko] Bare v QIa[12, 13), Fjof| Al gh=el Aol Ak A grgo] o]Akx] B 7] (Dixon’s Q test for outlier identifica-
© &2 27 HAIE FE Y=, vAAYs = Al microflu- tion) & Blojuhz 42718 Hof Zandlof A A|J=3ieH17, 18] 2%
idic viscometen), ZL6000i H= 47| 52 o83t N = 2l AR == 286WH(EA 1601, oA 126%) 0.2 tjAke] e B9
F7to] HuEQIrH14-16]. SHARE AA7EA] Fh=Ql AJQleflAl = 18404 70MI%ITE 2 tdA} oA SRS B 4872
ZL000P A Z47)E ol43 Bo) A AnFe BT W 2 R ol
oIk whebH, GRS T BeolE HE ARl ZLE000P
=715 o]g-3}o] CLSI EP28-A3c [17]9]] wha} gh=o] 7733t A 2. 4
QloflA Folf Freof FaghS AAstal, AJdat Slofto] uf EDTA ZgAI@ o] A&t & t/dAte] zhof do HAlolA
& Aol RASHLA 319ick ZL6000P A= 274712 A-83to] el Mg Z4alc), Ho)
Kol 7oA Bl e 2 4], A & Aol W 2| 641
TS 2 upe ool 18] 2 ahichel
1. oy 3. B HE 5% w
B ol ARSI BRI SAS e AAke] el mEw 160000 A EA719] 5 7
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A 71E WIS Fsto] F3 T} 2 Tl ek et e 4ol e e, 2] S E Sorques 24511 A|
St 28] A8} B (et oo AAoz olat ol A8t EAC)
O &S, AEerdel G, HEF, thlaed 9 v AE ofsf| ol A5 ﬂ”% galof Al ol A uf def= Al
3+ w3ksl 7k HElo] 9IS A 23451 20, 21). N A7} B = A2 A £
@ FeaA B -5 Ao T2 AR E-88h= oFEo] ¢l €y, 9] & vﬂs}ﬂ g T BHIE(), 29 Z7HEE
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C
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5= QtH22]
& AfFola= AMEE 2] ZHe o} WX B2 ZH 352} 0.8 cm
Qrt £9] &= Arkgo] 3 5'Y ] 15 revolutions per minute

(RPM)©]R13L, 200 s' @] 100 RPMO|QIt) ZL6000P Hi: Z47]
RS 15" 3 300 s WO} HES 245k, Aekg
301 s* 5-E] 1,000 s 7H4] o] Dol e o] AL AlgRItH20] =
3t 7} Hekg oA Z47hsar Bl 4w e] Mol 070 millipas
cal-second (mPa-s)0|tH20). & Ao A= Atk 157, 25, 357,
10s",30 57,50 7,100 s, 150 s, 200 s7, 300 s'2] o} Hro] =
83 1,000 stofl A FoY o) AL AUTH21] S Al
ZLO000P F= Z7g71014 HAIE 37+0.1CE A5 -25t0] &
stz

B} o] I AL Slste] ZL6000P HE 273719

Table 1. Basic characteristics of total reference population®

A58 R U (precision & B3] $iato] CLst
EPIS-A30] W2} 7 7] o] AEpelR A AHgstol, st
855191300 70114 5240] 23 5120] 4 S gsteichos) 4
= gGrtof| ARgE A 52 silica} 3 g/L= ESHE AA|
%] ZLB non-Newtonian Fluid Control (Beijing ZONCI Technology
Development Co)o] AHE-EIIt. 77120 2 Bike] 2ol ol 7
A% AFg31o] Ao o] 2714 oA 2207) 2 2
s} 18] 49 SAskTE 11 Ak YRR E(repeatability)
¢} AAFAIY HIA Y = (within-laboratory imprecision) EHo| A4
(coefficient of variation, CV%) =S A|AFS}ITH23).

2 (carry-oven S ZA3517] 98] ] Zho] ol HAE o]
Lolo] el (HD), IExE2 (H2), 5% 3 (H3), 54 (H4), A
] (L), A2 (12), AEE3 (13) W A4 (14) 220 2 CLSI
EPO79] whet AARHATH24L A 7F FHE 0= (L1-(L3+14)/2)/
{(H3+H2)/2-(L3+14)/2} X 1002] 52415 AF-g-5ko] Alstiet b
O] A7 2% oW = SHITH23).

Holl A= 0] Z314L7HS- CLSI EP28-A3co]| wlef A& THIT.
%ﬂ‘:&g 5579} 300 s'of| 4] 22} 019}7] e g e57] A=

S AAEYC) Btk olue} 15! 351551107, 30 87,
s',100 s7, 150 s*, 200 s, 1,000 S’loﬂ/\‘]-o—] @91,4 A o] 2tk
Argsteint Jartrhs A 7 kg0l 4] Dixon-Reed 7]

m[og-u

Total (N=286) M (N=160) F(N=126) P!
Age (yr) 44,00 (38.00-49.00) 4500 (37.00-50.50) 43.00 (38.00-48.00) 0.244
Smoker/nonsmoker, N (%) 48/238 (16.78/83.21) 48/112 (30.00/70.00) 0/126 (0.00/100.00) <0001*
Obesity, N (%) 63 (22.0) 51(31.9) 12(9.5) <0.001°
Dyslipidemia, N (%) 58 (203) 31(19.4) 27 (21.4) 0.025°
WBC (x10°/L) 551 (4.80-6.43) 5.69 (5.0-6.56) 537 (4.70-6.33) 0019
Hb (g/dL) 14.70 (13.50-15.60) 15.50 (14.90-15.90) 13.40 (13.00-13.90) <0001
Het (%) 43,00 (40.00-46.00) 46.00 (44.00-47.00) 40.00 (39.00-42.00) <0001
PLT (x10°/L) 256.50 (22.00-294.00) 246,00 (217.50-286.00) 269.50 (226.00-302.00) 0.005
ESR (mm/hr) 5.00 (2.00-9.00) 4,00 (2.00-7.00) 750 (3.00-12.00) <0001
HbA1. (%) 5,50 (5.30-5.70) 5,50 (5.30-5.70) 5.40 (5.30-5.60) 0018
FBS (mg/dL) 91.0 (86.1-94.8) 92.3(87.6-96.9) 89.5 (84.8-93.2) 0.004
Protein (g/dL) 739 (7.13-7.61) 7.38(7.17-7.59) 7.40 (7.07-7.64) 0.685
Albumin (g/dL) 4.35 (4.22-4.48) 4.38 (4.26-4.51) 4.33 (4.17-4.46) 0.006
Globulin (g/dL) 3.03 (2.85-3.21) 3.00 (2.84-3.18) 3.06 (2.85-3.22) 0.122
eGFR (mL/min/1.73 m?) 85.00 (77.00-93.00) 82.00 (75.50-90.00) 88.00 (80.00-97.00) <0001

Data are presented as number (percent) and median (IQR). *The total healthy reference population was enrolled using the following criteria: 1) no past and current history of
HTN, CVD, DM, stroke, multiple myeloma, and CKD; 2) no current medication such as antiplatelet or anticoagulant drugs; 3) all negative for HBs Ag, anti-HCV Ab, anti-HIV Ab,
and VDRL; 4) all values within Rls of WBC (4-10x10%/L), Hb (13-16.5 g/dL [M], 12-16 g/dL [F]), Hct (39-49% [M], 36-48% [F]), PLT (150-400x10°/L), ESR (< 15 mm/h [M], <
20 mm/h [F]), HbA1. <6.5%, FBS <126 mg/dL, protein (6.7-8.3 g/dL), albumin (3.8-5.3 g/dL), globulin (1.3-4.7 g/dL), and €GFR = 60 mL/min/1.73m?[19]. *P-value was calcu-
lated using the Mann-Whitney test between males and females except for smoker/non-smoker. *P-value was calculated using Fisher's exact test between males and females.

SP-value was calculated using chi-squared test between males and females.

Abbreviations: M, males; F, females; IQR, interquartile range; WBC, white blood cell; Hb, hemoglobin; Het; hematocrit; PLT, platelet; ESR, erythrocyte sedimentation rate;
HbA1., hemoglobin A1.; FBS, fasting blood glucose; eGFR, estimated glomerular filtration rate; IQR, interquartile range; HTN, hypertension; DM, diatetes milletus; CVD, car-
diovascular disease; CKD, chronic kidney disease; HBsAg, hepatitis B virus surface antigen, anti-HCV Ab, anti-hepatitis C antibody; anti-HIV Ab, anti-human immunodeficien-
cy virus antibody; VDRL, Venereal Disease Research Laboratory.
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Table 2. Precision results of WBV of QC material and WB using a
ZL6000P blood viscosity analyzer

Mean viscosity Repeatability Within-laboratory

Shear rate (') Material

(mPa-s) (o0 CV) (@0 CV)
5 Qcx 7.7 3.8 6.5
WB-low? 9.0 4.6 4.6
WB-high' 127 22 22
300 Qc 2.5 39 39
WB-low"* 35 4.7 47
WB-high 49 27 27

*Precision was tested for five days with one run (five replicates/run) per day (n=
5x5=25) using one level of QC material according to CLSI EP15-A3 [23]. *Preci-
sion was tested for two days with two runs (four replicates/run) per day (n=2x2x
4=16) using two levels of WB.

Abbreviations: WBV, whole blood viscosity; QC, quality control; WB, whole blood;
mPa-s, millipascal-second.

FAAE BBACKNO R BE dHolglrh AY FUGCHEN
9D % AR 44.0M(38.0-00 3L, Bk ol ol ¢

ATHP=0.244). ‘FAJo] oJAd Kt vvky} TP Fo] &
YL, B, A, b 215, EFE A, 3R, ARlol
oY ET} B 05 £HTHP<005). EiAe] TS B
Ak W B AT FoEH ETHP<0.05)

drethe] A 2t Zho] Aol A o) kg 55T 9F 300 o]
Aje] gl of AL o) sIAREE 7k} 79 o], %0l s
Ch(Table 2). 7H= T 5572} 300 5701 A] 2% oAt

AT 5 5'91 3008 R BE AR o] Bl 4
O] FURkol AAHEL FofstAl FotHMann-Whitney test,
P<0.00D (Table 3, Table 4).

AehE 5 5ol N He a7k & tidA}f 7.37-11.32
mPas, B4 8.23-12.08 mPa-s, ©JA] 7.18-10.38 mPa-stH Table 3,
Fig. 1. ZeH& 300 s 412] FH &= Zat7h 5 o=} 3.09-
447 mPa-s, ‘34 3.34-4.83 mPa-s, ©]A] 3.01-4.22 mPa-sth 7+ Al
w0l w2 Bol = Am7he] 975 HAE G 2T oy
A e 5 sl A e 4t o4 39ol AL, AE-E 300 579
A g 3} o) 3olgick. o] % o}5718 4 ugt TS

2 AR ATk 5 519} 300 stoflA] ZH2E 1504, 2 (EAl

8, 9 1)olele 7= AAES B
ke 5 579} 300 s'oll A 247} 3%(ad 11, 014 27
olgick T2l TABE WHL WA e 599 WE AL 5
7F UG EALEHE 2240 mg/dL, AL AT EH AH S
=160 mg/dL = A AW =200 mg/dL) [26].

3 qlo] o] Bl A aprie] Aabilel sl A
Afe] T7H] grol wla) ATHE 5 5° olstol] B ol

rSl

Table 3. RIs of WBV in total population, males, and females, determined using a ZL6000P blood viscosity analyzer*

Total (N=286)

M (N=160)

F(N=126)

Shear rate (s) : : : P!
Median (IQR) (mPa-s) Rl (mPa-s) Median (IQR) (mPa-s) Rl (mPa-s) Median (IQR) (mPa-s) Rl (mPa-s)

1 21.71(19.78-24.02) 16.02-28.16 23.51(21.45-25.02) 17.99-28.49 19.98 (18.04-21.41) 15.56-25.02 <0.001
2 14.53 (13.33-16.06) 11.4-18.25 15.76 (14.43-16.60) 12.49-18.92 13.36 (12.29-14.17) 10.63-16.47 <0.001
3 11.79 (10.80-3.00) 9.11-14.56 12.79 (11.74-13.42) 10.31-15.39 10.81 (9.98-11.51) 8.85-13.23 <0.001
5 9.34 (8.54-10.29) 7.37-11.32 10.12 (9.33-10.54) 8.23-12.08 8.53 (7.95-9.08) 7.18-10.38 <0.001
10 7.18 (6.61-7.84) 5.76-8.78 7.74(7.21-8.02) 5.34-9.05 6.59 (6.16-6.96) 5.68-7.98 <0.001
30 5.26 (4.83-5.68) 4.33-6.39 5.61 (5.34-5.82) 4.66-6.63 4.82 (4.56-5.09) 4.27-5.82 <0.001
50 4.72 (4.36-5.09) 3.89-5.70 502 (4.76-5.21) 4.19-6.01 4.33 (4.10-4.56) 3.87-5.24 <0.001
100 4.20 (3.90-4.54) 3.49-5.13 4.47 (4.24-4.63) 3.75-5.43 3.88 (3.66-4.07) 3.43-4.69 <0.001
150 3.99 (3.68-4.30) 3.32-4.87 4.24 (4.02-4.40) 3.56-5.17 3.67 (3.47-3.87) 3.24-4.49 <0.001
200 3.86 (3.58-4.16) 3.21-4.73 4.10 (3.88-4.25) 3.46-5.01 3.56 (3.37-3.76) 3.13-4.37 <0.001
300 3.72 (3.45-4.00) 3.09-4.47 3.94 (3.74-4.10) 3.34-4.83 3.42(3.23-3.62) 3.01-4.22 <0.001
1,000 3.44 (3.18-3.69) 2.83-4.23 3.64 (3.45-3.78) 3.09-4.48 3.17 (2.98-3.36) 2.76-391 <0.001

*Rls were calculated using a nonparametric method (95%, double-sided) according to CLSI guideline EP28-A3c [17]. *P-value was calculated using the Mann-Whitney test

to compare median WBV values of males and females.

Abbreviations: Rls, reference intervals; WBV, whole blood viscosity; M, males; F, females; IOR, interquartile range; mPa-s, millipascal-second.
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Table 4. Comparison of Rls of WBV from previous studies and present study

Cone-plate viscometer (mPa-s)

Shear rate (s™) Manufacturer [20]* Z16000i [16]" ZL6000P (Present study)*

M F T(N=287) M (N=162) F(N=125) T(N=286) M (N=160) F(N=126)
1 17.76-24.47 13.82-20.13 N/A 16.554-36.248 12.168-37.303 16.02-28.16 17.99-28.49 15.56-25.02
2 12.24-16.78 9.77-14.06 N/A N/A N/A 11.4-18.25 12.49-18.92 10.63-16.47
3 10.12-13.83 8.20-11.72 N/A N/A N/A 9.11-14.56 10.31-15.39 8.85-13.23
5 8.20-11.16 6.77-9.59 N/A 7.561-12.847 6.058-13.172 7.37-11.32 8.23-12.08 7.18-10.38
10 6.47-8.77 5.46-7.66 NJA N/A N/A 5.76-8.78 5.34-9.05 5.68-7.98
30 4.91-6.62 4.27-591 N/A 4.311-6.369 3.5682-5915 4.33-6.39 4.66-6.63 4.27-5.82
50 4.48-6.02 3.94-542 N/A N/A N/A 3.89-5.70 4.19-6.01 3.87-5.24
100 4.06-5.44 3.61-4.94 N/A N/A N/A 3.49-5.13 3.75-5.43 3.43-4.69
150 3.88-5.19 3.47-4.74 N/A N/A N/A 3.32-4.87 3.56-5.17 3.24-4.49
200 3.78-5.05 3.39-4.62 N/A 3.261-4.643 2.816-3.960 3.21-4.73 3.46-5.01 3.13-4.37
300 3.65-4.88 3.30-4.48 N/A NJA N/A 3.09-4.47 3.34-4.83 3.01-4.22
1,000 3.41-4.55 3.11-4.21 N/A N/A N/A 2.83-4.23 3.09-4.48 2.76-3.91

*The information on reference population is not unknown. *RIs were calculated using a nonparametric method (95%, double-sided) according to CLSI EP28-A3c [17].
Abbreviations: Rl, reference interval; WBV, whole blood viscosity; mPa-s, millipascal-second; T, total population; M, males, F, females; NJA, not available.
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Median (IQR): 10.12 mPa-s (9.33—10.54) Median (IQR): 3.94 mPa-s (3.74—4.10)
9 | 2.5th percentile (90% Cl): 8.23 mPa-s (7.75—8.52) 9 - 2.5th percentile (90% Cl): 3.34 mPa-s (3.12—3.50)

97.5th percentile (90% Cl): 12.08 mPa-s (11.31—13.20) 97.5th percentile (90% Cl): 4.83 mPa-s (4.83—5.31)
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Distribution of WBV of females at shear rate 55" (N=126) Distribution of WBV of females at shear rate 300 s (N=126)
Median (IQR): 8.53 mPa-s (7.95—9.08) Median (IQR): 3.42 mPa-s (3.23—3.62)
9 | 2.5th percentile (90% Cl): 7.18 mPa-s (6.96—7.34) 9 k- 2.5th percentile (90% Cl): 3.01 mPa-s (2.90—3.09)
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Fig. 1. Distribution curves of WBV of males and females at shear rates 5 s and 300 s™'. The thick dotted vertical lines indicate the 2.5th and 97.5th
percentile reference limits. Each number above the black bar indicates the number of males (or females) out of the 2.5th and 97.5th percentile
reference limits. (A) Distribution of WBV of males at shear rate 5 5. (B) Distribution of WBV of males at shear rate 300 s. (C) Distribution of WBV
of females at shear rate 5s™. (D) Distribution of WBV in females at shear rate 300 ™.

Abbreviations: WBV, whole blood viscosity; IQR, interquartile range; mPa-s, millipascal-second; Cl, confidence interval.
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Table 5. Distribution of WBV in non-smokers and smokers in males, determined using a ZL600OP blood viscosity analyzer

Smoker (N=48) Non-smoker (N=112)

Shear rate (s) P
Median (IQR) (mPa-s) Rl (mPa-s) Median (IQR) (mPa-s) Rl (mPa-s)

1 23.81(21.71-25.00) 17.58-33.49 23.29 (21.45-25.02) 18.65-28.73 0.697
2 15.89 (14.67-16.60) 11.92-21.43 15.68 (14.39-16.60) 12.57-18.71 0.659
3 12.89 (11.92-13.51) 9.76-16.95 12.68 (11.69-13.39) 10.33-15.07 0.517
5 10.25 (9.49-10.58) 7.77-12.98 10.08 (9.31-10.53) 8.31-11.81 0.494
10 7.80 (7.44-8.01) 599-9.53 7.69 (7.13-8.02) 6.51-8.99 0.454
30 5.64 (5.49-5.83) 4.43-6.81 5.56 (5.26-5.81) 4.87-6.64 0318
50 5.06 (4.94-5.24) 3.98-6.11 499 (4.72-5.21) 4.36-6.03 0.222
100 453 (4.38-4.66) 357-5.47 444 (4.20-4.63) 3.87-5.43 0246
150 4.30 (4.14-4.41) 3.39-5.20 4.22 (3.98-4.39) 3.66-5.17 0.284
200 4.16 (4.00-4.26) 3.29-5.04 4.08 (3.85-4.25) 3.54-5.02 0.223
300 4,00 (3.86-4.11) 3.17-4.85 3.92 (3.70-4.09) 3.40-4.84 0.239
1,000 3.68 (3.53-3.79) 2.94-4.49 3.63 (3.42-3.77) 3.13-4.49 0.249

Abbreviations: Rls, reference intervals; WBV, whole blood viscosity; IQR, interquartile range; mPa-s, millipascal-second.

Table 6. RIs of WBV in the total population and population without smokers, obesity, and dyslipidemia, determined using a ZL6000P blood viscosity
analyzer

Total (mPa-s) Without smokers, obesity, and dyslipidemia (mPa-s)
Shear rate (s) P
Median (IQR) RI (N=286) Median (IQR) RI (N=161) RI (M, N=70) RI(F, N=91)

1 21.71(19.78-24.02) 16.02-28.16 21.31(19.18-23.40 15.86-27.06 18.42-27.99 15.69-25.16 0.229
2 14.53 (13.33-16.06) 11.40-18.25 14.20 (12.93-15.61) 10.88-17.81 12.67-18.37 10.80-16.29 0.175
3 11.79 (10.80-3.00) 9.11-14.56 11.45 (10.57-12.65) 8.95-14.32 10.39-14.78 8.93-13.03 0.133
5 9.34 (8.54-10.29) 7.37-11.32 9.11 (8.41-10.00) 7.18-11.24 8.33-11.59 7.23-10.23 0.102
10 7.18 (6.61-7.84) 5.76-8.78 7.03 (6.47-7.68) 5.75-8.63 6.46-8.80 5.71-7.84 0.066
30 5.26 (4.83-5.68) 4.33-6.39 5.11 (4.73-5.60) 4.33-6.26 4.74-6.43 4.32-571 0.045
50 472 (4.36-5.09) 3.89-5.70 457 (4.24-4.99) 3.89-5.68 4.24-5.78 3.88-5.18 0.034
100 4.20 (3.90-4.54) 3.49-5.13 4.09 (3.77-4.45) 3.46-5.07 3.74-5.51 3.43-4.67 0.031
150 3.99 (3.68-4.30) 3.32-4.87 3.88 (3.59-4.22) 3.27-4.80 3.55-5.28 3.25-4.44 0.033
200 3.86 (3.58-4.16) 3.21-4.73 3.76 (3.47-4.08) 3.17-4.64 3.44-5.14 3.14-4.30 0.028
300 3.72 (3.45-4.00) 3.09-4.47 3.62 (3.34-3.92) 3.04-4.45 3.31-4.98 3.01-4.15 0.025
1,000 3.44 (3.18-3.69) 2.83-4.23 3.33(3.07-3.63) 2.80-4.08 3.06-4.65 2.76-3.84 0.023

Rls were calculated using a nonparametric method (95%, double-sided) according to CLSI EP28-A3c [17].
*P-value was estimated using the Mann-Whitney test between total population (N =286) and population without smokers, obesity, and dyslipidemia (N=161).
Abbreviations: Rls, reference intervals; WBV, whole blood viscosity; mPa-s, millipascal-second; IQR, interquartile range; M, males; F, females.
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