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Abstract: The relationship between blood viscosity, hematocrit (Het), and mean arterial blood
pressure (MAP) was studied in a healthy population of 91 men and 66 women with an average
age of 30.6 = 8.0 years, from the city of Victoria de Durango (1800 m elevation). In women and
men, Hct values were 42.4% % 2.9% and 47.2% + 2.3%, blood viscosities were 4.5 = 0.7 and
6.1+£1.0cP,and MAP was 83.0 £ 6.8 and 88.0 £ 6.1 mmHg, respectively. The correlation between
blood viscosity and Hct was linear and positive (2= 0.48) and identical to that of previous studies
reported in the literature when men and women are taken as a single group. Separating the data
by gender yielded positive, linear correlations (+* = 0.18 and 0.10, respectively) with identical
slopes, however blood viscosity for men was 1.2 cP greater than in women (P =0.02). MAP and
blood viscosity (and Hct) were not statistically associated when men and women were analyzed
separately and were weakly positively correlated (7> = 0.08, P < 0.02) when treated as a group.
The present results suggest that studies that show a positive correlation between MAP and blood
viscosity (and Hct) do not differentiate data according to gender, or involve populations that do
not compensate for increased blood viscosity and potentially increased shear stress.
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Introduction

The perception that blood pressure is universally positively correlated with blood
viscosity is embodied in the statement: “In conclusion, our study provides good
evidence of a strong association between blood viscosity and arterial pressure,
independently of many possible confounding factors,” summarizing the findings of the
Edinburgh Artery Study, which evaluated the blood pressure/viscosity association in
1592 men and women aged 5574 years.' This same conclusion emerges from studies
on the relationship between hypertension and blood rheological changes.? However,
it is possible that in these studies the cardiovascular system presents some form of
regulatory impairment, due to either age or incipient disease, which hinders its blood
pressure regulatory ability vis-a-vis changes in blood viscosity.

Although it is not entirely satisfactory to compare animal and human physiology,
normal healthy awake hamsters respond paradoxically to acute changes in hematocrit
(Het) and therefore blood viscosity.® In these studies, small increases in Hct lower
blood pressure and vice versa due to the effect of blood viscosity and shear stress on
the management of nitric oxide (NO) production by the endothelium.* Although it is
commonly accepted that sustained hyperviscosity can decrease perfusion and increase
blood pressure, it should be noted that increased blood viscosity has two effects in
the cardiovascular system: it may act to increase shear stress on the endothelium and
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increase NO release, promoting vasodilation as well as an
increase in the viscous component of vascular resistance.
Thus increased blood viscosity can cause vasodilation, which
has a large non-linear effect in lowering peripheral vascular
resistance that counteracts the increase due to viscosity.’

The relationship between blood pressure and blood
viscosity can be explored by performing transversal
population studies in healthy subjects, taking advantage of
the naturally occurring variability in Het and therefore blood
viscosity. The variability in Hct arises from genetic factors,
gender, diet, environmental conditions, exercise, season, time
of the year, and age and leads to corresponding variability
in blood viscosity, as reported by Kameneva et al,® who also
measured the dependence of blood viscosity on Hct for a
population at sea level.

The present study was undertaken to test the hypothesis
that blood pressure is independent of blood viscosity and
Hct in a population presumed healthy according to medical
history, anthropometric measurements, and blood parameters.
Blood viscosity is a parameter which is technically difficult
to measure: however it is a direct and strong function of
Hct, which is relatively easy to determine, therefore we also
analyzed the association between blood viscosity and Hct,
to relate our findings to studies that investigated the blood
pressure/Hct association. The study was conducted in the
population of the city Victoria de Durango, in Durango,
Mexico, which has fairly uniform ethnic characteristics,
eating habits, and lifestyle. The city is at 1800 m elevation.

Materials and methods

A transversal study was carried out to determine the
distribution of Hct levels in healthy females and males in
the city of Victoria de Durango.

The protocol was approved by the Local Ethics and
Investigation Committee of the Medical Faculty (UJED).
Inclusion of individuals required their agreement to
participate in the study and completion of a signed consent
form. Individuals were excluded from the study by the
following criteria: having been previously diagnosed with a
blood disorder ischemic cardiovascular disease, respiratory
diseases, neoplasia, renal or hepatic disease, or rheumatic
diseases; alcohol consumption (defined as =30 g per week);
pregnancy; lactation; smoking; or having had major surgery
or a blood transfusion within the past 6 months.

The health status of each individual was determined follow-
ing evaluation of his or her medical history. Anthropometric
measurements taken were: weight (participant in light clothing);

height; waist circumference (tape placed at level of the navel
and at the level of iliac crests); and blood pressure (according
to the standards and recommendations of the Joint National
Committee 1997). Mean arterial pressure (MAP) was deter-
mined using the relation:

MAP =P

diastolic

+1/3 (Psystolic = P asoric)

Blood samples (12 mL) were obtained from the ante-
cubital vein, after 810 hours of fasting, and collected in
3 mL EDTA anticoagulated tubes. Hematocrit was measured
by microhematocrit centrifuge (3000 rpm, 20°C, Sun-Bat
Centrifuge M-600, Readacrit L-10; BD Clay Adams, Franklin
Lakes, NJ).

Five milliliter blood samples were taken in tubes without
anticoagulants for glucose, cholesterol, triglycerides, high
density lipoprotein (HDL), and low density lipoprotein
(LDL) measurements.

Blood and plasma viscosities were determined with
a cone and plate Brookfield viscometer (Model Dv-II;
Brookfield Engineering Laboratories, Middleboro, MA) at
a shear rate of 160 s at 37°C.

Statistical analysis

Results are presented as mean £ SD unless otherwise noted.
Data within each group were analyzed using ANOVA.
Changes were considered statistically significant if P << 0.05.
The data was fitted to a straight line. Results were compared
by means of the F-test, and considered to be different if the
F-test indicated a significantly smaller sum of squares for the
deviations in each individual fit compared to the deviation in
the fit to the pooled data.” Analysis was made using Prism
(GraphPad Software Inc, La Jolla, CA).

Results
A total of 157 individuals (66 women and 91 men) completed
the study. Anthropometric data and blood biochemistry are
shown in Tables 1 and 2. The data on blood viscosity was
linearly correlated with Het (2 = 0.50, P < 0.0001) when
men and women were treated as a single group. The trend
found in the present study had a slope of 0.199 £ 0.014 and
was practically identical to that found by Kameneva et al®
(slope 0.166 £ 0.010), but our results were consistently lower
by approximately 1 cP as shown in Figure 1A.

Analyzing men and women separately also showed a
strong correlation between blood pressure and blood viscos-
ity with both groups exhibiting essentially identical trends
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Table | Anthropometric data

Women Men
N 66 91
Age (years) 30677 30376
Weight (kg)* 61.2+83 83.1 £6.8
Height (m)* 1.50 £ 0.60 1.75 +0.05
BMI* 240+28 27.0 £ 2.1
MAP (mmHg)* 83.0+6.8 88.0 £ 6.1

Note: *Statistically significantly different, P < 0.05.
Abbreviations: BMI, body mass index; MAP, mean arterial pressure.

(slopes 0.091£0.029, P < 0.002 vs 0.095+£0.025, P < 0.0004
respectively), which were statistically significantly different
from the slope of the trend for both men and women treated
as a group as shown in Figure 1B.

MAP was uncorrelated to blood viscosity for both men
and women studied separately, as shown in Figure 2. In all
groupings the trends were negative (lowering blood pressure
with increasing blood viscosity). MAP and blood viscosity
were weakly correlated (72 = 0.06, P < 0.02) when men and
women were treated as a group.

Blood viscosity in women was uncorrelated to plasma
viscosity (P = 0.75), while these two parameters were
positively and weakly correlated for men (#* = 0.19,
P < 0.0001).

None of the blood biochemistry parameters were
statistically correlated to MAP.

Discussion

The principal finding of this study is that MAP is independent
of blood viscosity in a population of healthy individuals
segregated by gender, the data showing a non-statistically
significant negative trend. When both sets of data are pooled,
the trend becomes positive since women have a statistically
lower Hct (blood viscosity) and MAP than men. This result
is consistent with the findings of de Simone et al® who

Table 2 Blood parameters

Women Men

Hematocrit (%)* 424+29 49.0+3.0
Glucose (mg/dL) 85075 89.7 £ 9.1
Cholesterol (mg/dL) 171 £33 181 + 39
Triglycerides (mg/dL) 118+ 58 167 £ 102
HDL (mg/dL) 52+ 16 45+ 11
LDL (mg/dL) 101 +27 109 + 32
Blood viscosity (cP)* 4.50 + 0.65 6.11 £0.95
Plasma viscosity (cP) 1.70 £ 0.36 1.67 +£0.29

Note: *Statistically significantly different, P < 0.05.
Abbreviations: HDL, high density lipoprotein; LDL, low density lipoprotein.

found a negative correlation between the Hect and blood
viscosity and pulse pressure in a population of American
Indians 62 + 7 years of age without prevalent cardiovascular
disease or use of antihypertensive medications, digoxin, or
aspirin. In a study of 128 normotensive members of a large
employed population in New York City (51 £ 10 years)
there was a significant independent relation between MAP
and blood viscosity,” and a study of 628 individuals in the
population of Victoria de Durango with men and women
pooled data showed a weak positive correlation between
MAP and Het.'? Our findings and some!"'? but not all results
in the literature'>!* support the contention that Het and blood
viscosity are not a factor in regulating blood pressure in the
healthy normal population within limits that include the
systematic elevation of Hct due to adaptation to moderate
altitude.

Men and women showed a different BMI (P < 0.05), with
a tendency for men to be overweight. This could explain the
differences in trends in the MAP/Hct association, although
notably this trend is never positive.

The present study shows that the relationship between
blood viscosity and Hct of men and women taken as a group
is virtually identical to that found in a previous study® in
a population of similar age but different ethnic makeup
and environmental conditions, measured with different
methodology. This result confirms the strong association
between blood viscosity and Hct for the population as a
whole. The consistent shift between the two sets of data
amounting to about 1 c¢P suggests a difference due to
instrumentation and calibration procedures. The study of
Kameneva et al® was performed with a capillary viscometer
(Cannon Instruments Co, State College, PA) at a shear rate
of approximately 500 s™' while our study was performed
using the Brookfield cone and plate viscometer, at a shear
rate of 167 s7'.

The finding that the relationship between blood viscosity
and Hct for men is shifted by a constant increment of blood
viscosity relative to women has not been previously reported
and suggests a consistent difference inherent in the red blood
cells rather than the plasma composition.

The effect of altitude was evident in the increased Hct
in men (47.2% =* 2.3% vs 45.8% =+ 2.3% reported for sea
level).® This effect was also present in women whose Hct was
42.4% +2.9% versus 40.8% * 2.4% for sea level individuals.
All changes were statistically significant (P < 0.05). This
environmental bias increases Hct by approximately 5%
relative to conditions at sea level and may be a limiting factor
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Figure | (A) Blood viscosity versus Hct for men and women in the tested population. Comparison with the data of Kameneva et al.* The two data sets are statistically
significantly correlated and the slopes of the regression lines are statistically identical. (B) Blood viscosity versus Hct for the population of this study according to gender.
Comparison with (A). Upper line corresponds to men, and the lower line to women. The regression lines for men and women have statistically identical slopes.

Abbreviation: Hct, hematocrit.
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Figure 2 Trends in the relationship between mean arterial blood pressure and blood viscosity and Hct.

Note: All trends are negative, however none are statistically significant, with the exception of the trend of MAP versus Hct for men, which shows a weak negative linear
correlation (r* = 0.06, P = 0.03).

Abbreviations: Hct, hematocrit; MAP, mean arterial pressure.
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in this study. However, consistent physiological changes due
to adaptation to altitude resulting in pathological conditions
such as Monge’s disease are reported for adaptation to eleva-
tion that increase Het >20%."

The results of this study, those from experimental
studies!'® and results in children'? and premenopausal
women'! indicate that blood pressure is not correlated with
blood viscosity. Therefore a population presenting a positive
correlation between blood pressure and blood viscosity
(or Hct) is probably affected by endothelial dysfunction
and/or pathologies that reduce or abolish the endothelial
response to shear stress.!” In this context, the finding that
Hct is increased in a population that subsequently develops
hypertension'® may be in part explained by the presence of
incipient, subclinical endothelial dysfunction.

The finding that blood pressure is independent of blood
viscosity in healthy individuals could be of clinical interest
since the population shows variability in these parameters.
In particular, individuals with subclinical elevations of Het
and blood pressure could be signaling a state of endothelial
dysfunction that may progress to the clinical condition of
hypertension. In a different context these studies suggest
that moderate elevation of blood viscosity is not necessarily
a health hazard, and in some circumstances may be beneficial,
an effect shown experimentally for the elevation of plasma
viscosity in hemorrhage resuscitation' and cardiovascular
effects due to the small acute elevation of Hct.

In conclusion, blood pressure and blood viscosity are
not related in healthy individuals, an effect probably due to
shear stress regulation of blood flow.* This conclusion is
derived solely on the basis of the analysis of effects due to
the normal variability of blood viscosity and Hct on blood
pressure in the population. This variability is small, and its
acute consequences have only been recently tested.>* The
long-term effects of this variability are not well known.
In view of the close relationship between blood viscosity
and Hct, the latter can in general be used as a substitute for
measurements of blood viscosity. Given these findings it
could be of clinical importance to investigate individuals
with subclinical increases in both blood pressure and Hct.
This association could be of interest because it is related to
parameters that, analyzed independently, do not constitute
signals for clinical attention.
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