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Abstract—We have studied rheological properties of blood (viscosity, concentration of erythrocytes, erythro-
cyte sedimentation rate, prothrombin index, and fibrinogen and lipid concentration) in healthy men and
women at the age of 1 to 75 years. We have found an increase in blood viscosity from childhood to adult age.
Blood viscosity decreased in elderly men; but it progressively increased with age in women. Three age groups
have been distinguished: (1) from infancy to childhood (3.6 = 0.07 mPa s regardless of age); (2) from adoles-
cence to the adult age (5.1 £ 0.06 mPa s in men and 4.3 £ 0.05 mPa s in women); (3) elderly and old
age (4.7 £ 0.13 mPa s in men and 4.4 & 0.09 mPa s in women). In adult subjects, blood viscosity values were
significantly different in men and women (p < 0.001). There were also sex-related differences in determina-

tion coefficients of the relationship between blood viscosity and the concentration of erythrocytes (R2M =

0.41,p<0.001; Rf. =0.35, p<0.001) and viscosity and cholesterol level ( Ry, = 0.47, p <0.001; R;. = 0.68,
p <0.001). The factor analysis has shown that blood viscosity depends on the concentration of erythrocytes

by 28%, fibrinogen level by 23%, and cholesterol level by 20%.
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Rheological properties of blood undergo certain
changes during ontogenesis in humans due to the age-
related involution [1]. Age-related changes of rheolog-
ical properties of blood, together with factors on which
they depend, are still studied insufficiently despite
their importance for understanding the mechanisms of
aging and associated vascular pathology. The results of
the studies of the change in blood viscosity depending
on age are controversial [2, 3]. Moreover, subjects
under 18 years of age have not been previously studied.
Therefore, the investigation of blood rheological
parameters at different stages of human ontogenesis is
important [2].

The aim of our study was to investigate blood vis-
cosity in different age periods in men and women. Our
results revealed the blood viscosity values in children,
showed sex-related difference, and provided more
details of age-related changes in this parameter.

METHODS

We have studied blood samples from 536 patients
(245 men and 291 women) at the Altai Children Clin-
ical Hospital and Altai Clinical Hospital (Barnaul,
Russia). The subjects did not have any acute or
chronic diseases, and their parameters of the complete
blood count were within the normal range. The sub-
jects included in the study met the following criteria:
their age was in the range from 1 to 75 years; adult sub-

jects or legal representatives of underage subjects gave
an informed consent. We excluded subjects with con-
ditions that could affect the results of the study. The
number of subjects of each age group and the total
number of subjects is shown in the Table 1. The age
groups were formed according to the Table of Age
Periods in Human Ontogenesis approved at the VII
All-Union Conference on challenges in age-related
morphology, physiology, and biochemistry of the
Academy of Pedagogic Sciences of the Soviet Union
(Moscow, 1965). This table is based on morphological,
functional, and psychological criteria and includes the
whole postnatal ontogenesis of a human: the newborn
period, from 1 to 10 postnatal days; infancy, from
10 days to 1 year; early childhood, 1—3 years; the first
childhood, 4—7 vyears; the second childhood, 8—
12 years in boys and 8—11 years in girls; adolescence,
13—16 years in boys and 12—15 years in girls; youth,
17—21 years in men and 16—20 years in women; adult
age, the first period, 22—35 years in men and 21—
35 years in women; adult age, the second period, 36—
60 years in men and 35-—55 years in women; middle
age, 61—74 years in men and 56—74 years in women,;
old age, 75—90 years in men and women; long-livers,
over 90 years.

The comprehensive study of rheological properties
of blood included measurements of blood viscosity,
erythrocyte concentration, and total blood cholesterol
concentration. Blood samples were taken from the
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Table 1. Age- and sex-related grouping of subjects

Number of subjects
Age period
men women
Early childhood 15 15
First childhood 15 15
Second childhood 20 25
Adolescence 25 25
Youth 25 25
First period 35 65
Adulthood
Second period 65 68
Middle age 30 31
Old age 15 22
Total number of men and women 245 291
Total number of subjects 536

cubital veins; in some cases blood was retrieved from
smaller veins of hands or forearms. The volume of
blood samples used for the analysis was 1 mL. Blood
viscosity was evaluated using a VK-4 medical capillary
viscometer by Hess’s method under standard condi-
tions. This method is the most precise for measuring
blood viscosity [4]. Considering that the erythrocyte
sedimentation rate (ESR) correlates with their mobil-
ity in the electric field [5] and reflects the rate of cell
aggregation [6], we also took ESR values into account.
Coagulogram of the venous blood was analyzed: the
prothrombin index (PTI) and fibrinogen concentra-
tion were measured.

All results were statistically analyzed; mean values
(M), standard deviation (SD), standard error of the
mean (m), and 95% confidence interval (95% CI) were
calculated. Data are shown as M = m. The normal dis-
tribution of the data samples was verified using the
Kolmogorov—Smirnov test, p < 0.05. Mean values of
blood parameters with normal distribution were
obtained in the study. The differences between inde-
pendent samples were evaluated using Student’s 7-test.
The difference was considered statistically significant
at p <0.05. 95% CI was set as M £ 2m [7]. Pearson’s
correlation analysis was carried out. The integrated
effect of plasma and cell factors on blood viscosity was
studied using the factor analysis: strongly correlated
variables were united in a single factor. Variables from
different factors were not correlated. The aim of the
factor analysis was to find integrative characteristics
that would fully explain the observed relationships
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between the studied variables. Only the parameters
included into a factor with positive values were consid-
ered; negative values indicated that the parameter had
the weakest effect [8]. For better and more detailed
understanding of the relationships between rheologi-
cal, cellular, and plasma parameters of the blood, the
regression analysis was run on the significant correla-
tions with a dominating factor. The data was analyzed
considering the subjects’ sex. The statistical analysis
was carried out using the SPSS 20.0 software.

RESULTS AND DISCUSSION

Investigation of blood viscosity in subjects aged
from 1 to 75 years showed that this parameter depends
on sex and age. Blood viscosity was low during the
period from the early childhood to the second child-
hood; it significantly increased in adolescence (p <
0.001) and remained at the same level till the second
adulthood. In men, blood viscosity decreased by the
elderly age (p < 0.001) (Fig. 1). In women, blood vis-
cosity increased at the elderly age (Fig. 1). During the
period from the adolescence to the second adulthood,
the values of blood viscosity were significantly differ-
ent in men and women (Fig. 1).

Three periods of stable blood viscosity were found:
(1) from the early childhood to the second childhood
(we further refer to this period as the childhood);
(2) from adolescence to the second adulthood (the
adult age); (3) middle and old ages (elderly age).
Blood viscosity, erythrocyte, fibrinogen, and choles-
terol concentrations in these three periods are shown
on Fig. 2. The trend of blood viscosity change (Fig. 2a)
was the same as the trend of erythrocytes (Fig. 2b) and
fibrinogen (Fig. 2¢) in men and women. Cholesterol
concentration tended to increase with age (Fig. 2d).

Apparently, adolescence is a specific period in the
dynamics of the studied rheological parameters of
blood. During this period, the processes of an intense
increase in the somatic growth parameters take place,
including abrupt changes in blood viscosity (Fig. 1).
This age was also characterized by the changes of shear
stress, a parameter of the blood flow near arterial walls
depending on blood viscosity, as well as the vascular
resistance index in the internal carotid artery [9].
Therefore, this fact emphasizes the specificity of ado-
lescence as the period of physiologic changes in blood
and hemodynamics, which could explain the manifes-
tation of many functional deficits and disorders known
to pediatricians during this period.

We found highly significant differences in blood
viscosity between adults, children, and elderly people
(Fig. 2a). Blood viscosity increased in adult age in
comparison with childhood; then it decreased in eld-
erly men (Fig. 2a). In women, blood viscosity progres-
sively increased with age (Fig. 2a). The data on blood
viscosity change in elderly people are controversial.
No dependence of blood and plasma viscosity on the
age was found in [3]. At the same time, other authors
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showed an increased blood viscosity in elderly people
[2]. However, the authors of [2] studied blood vis-
cosity in a wide age range and did not consider the
subjects’ sex.

Blood viscosity is the most important rheological
parameter, which depends on hematocrit, plasma fac-
tors (lipid and fibrinogen concentrations), erythrocyte
aggregation and deformation capacity, and changes in
adhesive and aggregation properties of thrombocytes
[10—14]. Therefore, for further discussion of mecha-
nisms underlying the blood viscosity changes, we
should note that significant differences in the number
of erythrocytes were found between 7 age groups
(Fig. 2b). Our results on erythrocyte concentration are
in agreement with other authors [15]. Authors of [15]
showed that erythrocyte and hemoglobin concentra-
tions changed with age. These parameters increased
from infancy to the age of 13—14 years independently
of the sex. The number of erythrocytes in children was
3.8—4.9 x 10'2 cells/L [15]. In our study, the numbers
of erythrocytes were similar in boys and girls from the
early childhood to the second childhood (4.0 = 0.05;
Min, 3.6; Max, 4.8 in boys; 3.8 = 0.04; Min, 3.5; Max,
4.3 x 10" cells/L in girls). In men, the concentration
of erythrocytes was 4—5.6 x 10'? cells/L; in women,
3.5-5.1 x 10" cell/L [15]. We obtained the similar
results: during the period from adolescence to the sec-
ond adulthood the concentration of erythrocytes was
5.0 £ 0.04 x 10'? cells/L (Min, 3.8; Max, 5.8 x
10'2 cells/L in male subjects; this parameter was 4.3 *
0.05 x 10" cells/L (Min, 3.5; Max, 5.1 x 10'? cells/L)
in female subjects. According to the same authors
[15], the erythrocyte concentration decreased from
4.51 x 102 cells/L to 4.39 x 10'2 cells/L in 65—70 year
old men (p < 0.001) [15]. In our study, the erythrocyte
concentration in men decreased to 4.8 = 0.08 x
102 cells/L (p < 0.1); at the same time, it increased to
4.6 + 0.08 x 10'? cells/L (p < 0.01) in women. The
authors of [2] did not find significant differences in
hematocrit values among the subjects of both sexes
aged from 20 to 70 years.

The age range studied in our work provided a wide
variability of cells and plasma parameters. The number
of erythrocytes varied from 3.5to 5.8 x 102 cells/L. An
increase in blood viscosity in men was described by the
following equation: y = 0.867x + 0.836 at a 41% signif-
icance of data approximation (Fig. 3a). In women, an
increase in blood viscosity depending on erythrocyte
concentration was described by the regression equa-
tion: y = 0.777x +0.811 at a 35% significance of data
approximation (Fig. 3a). Blood viscosity depended on

the erythrocyte concentration by 41% in men (Rlzvl =

0.41, p < 0.001) and 35% in women (Rlz_- =0.35,p<

0.001). R? value indicates a moderate power of rela-
tionship between these parameters [16]. Blood viscos-
ity is affected by other factors besides erythrocyte con-
centration. The factor analysis showed that concentra-
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Fig. 1. Age dynamics of blood viscosity in men and women
(M, 95% confidence interval). Statistically significant dif-
ferences are indicated with * (p < 0.05) and ** (p < 0.01).

tions of erythrocytes and hemoglobin and ESD
characterizing cell aggregation [5] were included in
the first factor with the highest factor loading, which
determined blood viscosity by 28% (Table 2). So, we
confirmed that the erythrocyte concentration had the
most significant impact on blood viscosity, especially
in large blood vessels [17].

Erythrocyte deformability and aggregation capac-
ity are among the mechanisms of the influence of
erythrocytes on blood viscosity [2]. Several studies
showed that the increased erythrocyte aggregation and
blood viscosity were closely related in patients with
cardiovascular pathology [18—21]. The authors of [2]
found that aggregation capacity and rigidity of eryth-
rocytes increased and erythrocyte deformability index
decreased with age. These factors determined the
increase of blood viscosity with age [2].

Other parameters affecting blood viscosity include
plasma parameters. In older subjects, changes in lipid
and fibrinogen levels were found. Concentration of
fibrinogen in boys and girls (Fig. 2¢) corresponded to
the mean values of this parameter (3.0 £ 0.1 g/L) in
children in the Altai region [22]. We found a tendency
to an increase in the fibrinogen level (p < 0.1) in
women (Fig. 2¢) of elderly age in comparison with the
adult women. In men, on the contrary, the fibrinogen
concentration tended to decrease at the elderly age
(p <0.1) (Fig. 2c). Factor analysis showed that the sec-
ond factor with the highest factor loading, which was
23% of the total variance, included PTI and fibrinogen
concentration (Table 2). The relationship between
fibrinogen and viscosity can be described by a power-
mode model: y = 1.658x%%7 in men and y = 2.217x%3!1
in women with the similar R?> ~ 0.44 (py; < 0.001, pp <
0.001, Fig. 3b).

The authors of [2] previously found an increase in
the fibrinogen concentration in blood plasma at the
age of 60—69 years (3.76 £ 0.04 g/L) in the subjects of
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Fig. 2. Age-related changes in blood viscosity and cellular and plasma components of blood (M, 95% confidence interval). Age
groups are shown on the X axis: (1) from the early childhood to the second childhood; (2) from adolescence to the second period
of the adult age; (3) middle and old age. In Fig. 2b, the number of erythrocytes is on the Yaxis (1012 cells/L). Statistically signif-
icant sex-related differences are indicated with * (p <0.05), ** (p <0.01), and *** (p < 0.001). Statistically significant age-related
differences (in comparison with the second group) are indicated with # (p <0.05), ## (p<0.01), and ### (p <0.001). Age-related

tendencies are indicated with & (p <0.2) and && (p <0.1).

both sexes. A possible mechanism of the effect of
fibrinogen concentration on blood viscosity could be
an activation of erythrocyte aggregation in response to
increased fibrinogen concentration leading to the vis-
cosity increase [23]. Higher fibrinogen concentrations
led to an increase in plasma viscosity [10].

We found an increase in cholesterol (ChS) levels in
subjects of both sexes (Fig. 2d). The cholesterol level
was included into the third factor, which had a 20%
effect on blood viscosity (Table 2). Dynamics of blood
viscosity in men can be described by a regression equa-
tion: y = 0.672x + 2.102 at a 47% significance of data
approximation (p < 0.001, Fig. 3c). In women,
dynamics of blood viscosity can be described by the
regression equation: y = 0.793x + 1.102 at a 68% sig-
nificance of data approximation (p < 0.001, Fig. 3c).

Our results on the ChS levels in different age groups
(Fig. 2d) are within the normal range for children
(3.11-5.18 mmol/L) and adults (3.63—6.48 mmol/L)
in the Altai region [22]. Subjects with increased cho-
lesterol levels were absent in our study. An increase in

cholesterol and cholesterol of low density lipoproteins
levels and a decrease in cholesterol of high density
lipoproteins at the age of 60—69 years have been previ-
ously reported [2]. Some authors found that the
change in blood lipid concentrations, particularly
cholesterol, can affect blood viscosity, change the lam-
inar blood flow to the turbulent flow, and increase
plasma viscosity [12, 24].

The shifts in blood lipid levels can have an effect on
the age-related increase in blood viscosity [2]. Our
study confirmed these findings for female subjects
(Figs. 1, 2a). The decrease in blood viscosity in male
subjects of elderly age (Fig. 2a) could be caused by a
decrease in the number if erythrocytes (Fig. 2b) and
the fibrinogen level in this age range (Fig. 2¢) as factors
defining blood viscosity by 51% (Table 2). The results
of the correlation analysis in the three age groups
(Table 3) also support this hypothesis. In adult men,
the strongest correlation was found between blood vis-
cosity and cholesterol level (Table 3). It became
slightly stronger with age, while the role of erythro-
cytes and fibrinogen concentrations increased almost

HUMAN PHYSIOLOGY Vol. 41  No. 4 2015
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two times (Table 3). In women, the role of erythrocytes
and fibrinogen also slightly increased, while the effect
of cholesterol became weaker (Table 3).

Factor analysis showed that the total variance of the
studied parameters together with age and sex was 71%
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(Table 2); i.e., blood viscosity was 71% determined by
these parameters. Other factors including aggregation
and deformability of erythrocytes and changes in
adhesive and aggregation properties of thrombocytes
could be responsible for the rest 29% of blood viscosity [2].
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Table 2. The factor structure of blood rheological parameters

FILATOVA et al.

Factors
Parameters
1 2 3

Age 0.894
Concentration of erythrocytes, x10'2 cells/L 0.741
Mean concentration of hemoglobin in an erythrocyte, g/L 0.587
Erythrocyte sedimentation rate 0.577
Prothrombin index 0.865
Plasma fibrinogen level, g/L 0.764
Sex —0.711
Plasma cholesterol level, mmol/L 0.904
Variance, % 28 23 20

Table 3. Correlation coefficients between blood viscosity and the parameters that can affect it in healthy people of various ages

Correlation Parameters
Age groups Sex N coefficient
fibrinogen cholesterol erythrocytes
r 0.983 0.942 0.536
M 50
p <0.001 0.001 0.073
1
r 0.828 0.967 0.725
F 55
p 0.002 <0.001 0.012
r 0.386 0.722 0.388
M 150
D 0.012 <0.001 0.002
2
r 0.667 0.837 0.543
F 183
p <0.001 <0.001 <0.001
r 0.863 0.783 0.632
M 45
p <0.001 0.001 0.009
3
r 0.761 0.623 0.630
F 53
D 0.004 0.030 0.016

Age groups: (1) from the early childhood to the second childhood; (2) from adolescence to the second period of the adult age; (3) middle

and old ages.

CONCLUSIONS

The study conducted on subjects of a wide age
range clarified age- and sex-related specificity of
blood viscosity. An increase in blood viscosity in the
period from childhood to adolescence and later
decrease at the elderly age in men was found. In
women, blood viscosity progressively increased with

age. Three age periods with stable blood viscosity were
found: (1) from the early childhood to the second
childhood; (2) from adolescence to the adult age;
(3) the middle and old age. Blood viscosity values were
different in adult men and women. Sex-related differ-
ences also appeared between determination coeffi-
cients (R?) of the relationship between blood viscosity
and erythrocyte concentrations in men and women.

HUMAN PHYSIOLOGY Vol. 41 No. 4 2015
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Analysis of blood rheological parameters showed that
blood viscosity depended on the concentration of
erythrocytes by 28%, on the fibrinogen level by 23%,
and on the cholesterol concentration by 20%.
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