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INTRODUCTION

The incidence rate of pre�diabetic carbohydrate
metabolism disorders in the world nowadays amounts to
350 million people and continues to grow steadily [14].
About 5% of people with prediabetes develop diabetes
mellitus (DM) type 2 within a year, which significantly
increases the level of cardiovascular risk. The maximum
risk of progression to diabetes is observed under
impaired glucose tolerance (IGT) [11].

Insulin resistance (IR) is considered a key mecha�
nism in the development of prediabetic disorders and
is characterized by a reduced sensitivity of peripheral
tissues to insulin. At present, IR and hyperinsuline�
mia, overweight, decreased carbohydrate tolerance,
and dyslipidemia are regarded as major factors of car�
diovascular risks that commonly accompany the
development and clinical course of a cardiovascular
disease. Epidemiological studies have shown that IR
occurs long before the emergence of DM type 2,
ischemic heart disease, hypertensive disease (HD),
and their complications, Alzheimer’s disease, and
neoplastic diseases, which are the main causes of
increased disability and mortality [9, 16, 23]. Further�
more, since the incidence of IR also increases with
age, the study of this problem in gerontological prac�
tice is relevant.

Pathological changes in the hemostatic system play
an important role in the development of cardiovascu�
lar events in patients with IR. Hemostasis is provided
by three cooperating functional structural units: walls
of the blood vessels (endothelium), blood cells (mainly
platelets), and plasma enzyme systems.

Both age and IR influence the hemostatic system.
Age�related changes in the hemostatic system include
increased blood coagulation and decreased activity of
the fibrinolytic system, which contribute to hyperco�
agulable state of blood. Blood viscosity, aggregation,
and adhesive activity of platelets increase in the elderly
[3, 5]. In models of the effects of stress factors on the
organism (adrenaline injection), blood viscosity
increases and blood coagulation is intensified in
patients older than 60 in contrast to younger people
[3, 4]. With aging, the concentrations of factors VII
and VIII and fibrinogen increase; each of them
enhances the risk of venous thrombosis and cardiovas�
cular events [21]. On the other hand, there is no suffi�
cient increase in the concentration of protein C, pro�
tein S, and antithrombin III physiological anticoagu�
lants in the blood of the elderly [19]. An age�related
reduction in activity of the fibrinolytic system’s condi�
tion is evidenced by the increased blood concentration
of the plasminogen activator inhibitor type 1 (PAI�1)
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[24]. Meanwhile, the content of D�dimer in the blood
plasma increases with age in healthy subjects reflecting
lysis of fibrin, the level of which rises due to increased
blood coagulation [15].

IR has both a direct effect on the functional state of
platelets and an indirect effect, i.e., through athero�
genic dyslipidemia and endothelial dysfunction. The
surfaces of platelets carry insulin receptors to regulate
their function [22]. Platelet sensitivity to the inhibi�
tory influence of insulin on aggregation is reduced in
patients with type 2 diabetes; therefore, IR leads to
easier activation of platelet aggregation. Dyslipidemia
contributes significantly to the functional hyperactiv�
ity of platelets. The elevated total cholesterol, LDL,
and VLDL levels lead to pathological intensification
of thromboxane A2 release with increasing platelet
aggregation [5].

In the presence of IR, it was proven that the hemo�
stasis plasma unit changes in the direction of increased
thrombosis. Thus, P.A. Sakkinen and coauthors dem�
onstrated that the levels of vitamin K�dependent coag�
ulation factors (II, VII, IX, X) were elevated in sub�
jects with IR [20]. One study found that the concen�
trations of protein S and protein C physiological
anticoagulants increased in the blood under reduced
sensitivity to insulin [8]. Both proteins are elevated in
people with high activity of PAI�1 as a compensatory
mechanism to counteract hypofibrinolysis at IR. The
insulin resistance atherosclerosis study (IRAS) by
A. Festa and coauthors revealed elevated levels of
fibrinogen, factor VIII, and von Willebrand factor in
presence of IR, especially in people with IGT and dia�
betes type 2 [13]. Hyperinsulinemia leads to increased
synthesis of PAI�1 in hepatocytes, adipocytes, and
vascular endothelium, which impairs fibrinolysis and
elevates thrombus formation [12].

Despite the large amount of research concerning
this issue, the age�related influence of IR on the for�
mation of hemostatic disorders has not been studied
well. First, it is not known whether IR enhances age�
related changes in hemostasis. Second, it is not clear
whether the priorities of medical tactics should be
changed in people with IR at different ages. Because of
the high risk of transformation from prediabetic disor�
ders to type 2 diabetes, the study of age�related aspects
of the hemostatic system state at IR, especially when it
is combined with IGT, is urgent.

The purpose of this work is to give an age�related
characterization of the hemostatic system changes in
healthy subjects and in people with IR and IGT.

MATERIALS AND METHODS

The study was conducted at a clinic of the Chebotarev
State Institute of Gerontology, National Academy of
Medical Sciences of Ukraine, in accordance with
Ukrainian law and the Declaration of Helsinki of
Human Rights. A written informed consent to partic�
ipate in the study was obtained from each patient. The

study included subjects without chronic diseases of the
cardiovascular system (patients with hypertension
stage I were allowed to participate), central nervous
system, respiratory system, without diseases of kidney,
liver, blood system, connective tissue diseases, cancer,
diabetes types 1 and 2 and other endocrine diseases,
acute infectious diseases, varix dilatation, and chronic
thrombophlebitis.

Anthropometric measurements included measure�
ment of the body weight (kg), height (cm), and waist
circumference (WC, cm). Blood pressure was mea�
sured with an Erkameter 3000 mercury sphygmoma�
nometer (Germany) in the brachial artery in accor�
dance with the recommendations of the Ukrainian
Association of Cardiology [7].

The glucose level in the blood plasma was analyzed
by multiplying the glucose level in the serum by a fac�
tor of 1.1. Glucose in the blood serum was analyzed by
the glucose oxidase method with a BTS�330 semiauto�
mated biochemical analyzer with a Bio LATEST Glu�
cose kit (Lachema Diagnostica). To reveal hidden car�
bohydrate metabolism disorders, the surveyed individ�
uals were subjected to a standard glucose tolerance test
(GTT). IGT was diagnosed at blood glucose of 7.8–
11.1 mmol/L at 120 min of GTT [18].

To assess the lipid metabolism state, the total cho�
lesterol, HDL cholesterol, and triglyceride (TG) levels
were measured in the serum by standard biochemical
methods with a BM Autolab PM 4000/3 automated
biochemical analyzer manufactured by Boehringer
Mannheim. The LDL cholesterol level was calculated
according to a standard formula.

Insulin level in blood plasma was determined by
enzyme immunoassay with DRG Insulin ELISA kits
(DRG Instruments GmbH, Germany). The sensitiv�
ity of tissues to insulin was assessed based on HOMA�IR
(Homeostasis Model Assessment for Insulin Resis�
tance) index calculation. The value of the HOMA�IR
index greater than 2.77 arbitrary units was regarded as
a marker of IR [17].

As a result of comprehensive clinical examination,
108 people were selected and assigned to groups: the
first group included almost healthy people of middle
(20 subjects) and elder (21 subjects) ages, nonobese
(BMI of <30 kg/m2), without carbohydrate metabo�
lism disorders and with no laboratory�confirmed IR
(HOMA�IR of ≤2.77 arbitrary units); the second
group composed of middle�aged (29 people) and eld�
erly (38 people) subjects manifesting IDF clinical cri�
teria for diagnosing the metabolic syndrome (2005)
and IR confirmed by laboratory tests (HOMA�IR of
> 2.77 arbitrary units). Subjects with metabolic syn�
drome and confirmed IR formed two sub�groups—
with IGT and without.

Venous blood was sampled according to the stan�
dard procedure into polyethylene test tubes with 3.8%
sodium citrate in a ratio of 9 : 1 for assay of hemostasis
system parameters. The blood viscosity was deter�
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mined with an AKR�2 rotational viscometer (Russia)
at a shear rate of 10–200 s–1.

The hemostasis indicators (soluble fibrin, protein C,
antithrombin III, plasminogen, and D�dimer) were
determined in collaboration with the Palladin Insti�
tute of Biochemistry, National Academy of Sciences
of Ukraine. The APTT test was performed as
described in [2]. The concentrations of fibrinogen,
soluble fibrin, and D�dimer were determined by the
method of E. Lugovskoi et al. (2006) [6]. The activity
of protein C was measured with protein C activator
purified from the venom of Pallas’ viper (Agkistrodon
halys halys) by S2366 chromogenic substrate cleavage.
para�Nitroaniline release was detected at 405 nm on a
Thermo Multiskan EX spectrophotometer microplate
[1]. The activities of antithrombin III and plasmino�
gen were measured in accordance with the instruc�
tions of the Renam Company (Russia) [2]. The PAI�1
level was measured by immunoenzyme assay from cit�
rate plasma with a standard kit manufactured by Tech�
noclone (TECHNOZYM PAI�1 Antigen ELISA).

Since most indicators had distributions close to
normal, the data were presented as M ± m. Statistical
analysis of the data was performed with the Statistica
6.0 software for Windows (StatSoft, United States).
The difference probability between the groups was
evaluated by Student’s t�test. The differences were
considered significant at p < 0.05. Pearson’s correla�
tion was performed (the results were considered signif�
icant at p < 0.05).

RESULTS AND DISCUSSION

Elderly people of group 1 were similar in anthropo�
metric parameters, blood pressure, and carbohydrate
metabolism on an empty stomach to the group of mid�
dle�age subjects (Table 1). The glucose level reduced
insufficiently in elderly subjects without IR at 120 min
of GTT in venous blood plasma, which can be attrib�
uted to insufficient compensatory increase in insulin
levels or decreased sensitivity to insulin.

In IR development but with retained glucose toler�
ance, there was an increase in body weight, BMI, WC,
and BP values in middle�aged and elderly people. This
shows that IR was associated with the presence of both
general and abdominal obesity in people of both ages.
Moreover, in both groups of people with IR, the levels
of insulin and glucose after 2 hours of GTT were sig�
nificantly higher, reflecting decreased insulin sensitiv�
ity. The progression of carbohydrate metabolism dis�
orders and the appearance of IGT in middle�aged sub�
jects was accompanied by an increased tendency of
general and visceral obesity manifestations, whereas in
elderly they tended to reduce.

An age�related feature is the absence of hyperin�
sulinemia on an empty stomach in elderly people with
IGT. However, 2 hours after the administration of glu�
cose, s high level of insulin in combination with hyper�

glycemia in both age groups was observed, indicating
decreased insulin sensitivity.

Age�related differences were absent in the analysis
of lipid spectrum indicators of the blood serum of
healthy people (Table 1). A significant increase in trig�
lyceride levels occurred in people with IR, especially
in middle�aged people. In addition, elderly people
with IR showed a significant increase in LDL choles�
terol levels. Meanwhile, the formation of IGT had no
extra effect on indicators of lipid composition of the
blood in both age groups.

Dyslipidemia is known to contribute to the dys�
function of blood cell membranes and to increase their
adhesion and blood viscosity. As the results of the
study show, blood viscosity elevated in the presence of
IR only in middle�aged subjects (Table 1). Blood vis�
cosity was observed to further increase under progres�
sion of IGT.

With regard to indicators of coagulation hemosta�
sis, elevated levels of fibrinogen in middle�aged and
elderly people with IR were shown as compared to
healthy subjects. The concentration of fibrin grew only
in elderly subjects with IR and IGT. The clotting time
of blood plasma in the APTT assay was reduced in eld�
erly people with IR in contrast to patients without IR
in the same age group (Table 2), which indirectly indi�
cates the tendency of blood coagulation system activa�
tion.

Indicators of physiological anticoagulant activity
in all groups were within normal limits, although there
were some differences. The activity of antithrombin III in
the elderly without IR was higher than in the same
group of middle�aged people (Table 2). Along with
this, the variation of activity of another physiological
anticoagulant, protein C, was detected in all groups
within the normal range. Protein C activity was lower
in the surveyed middle�aged people with IR than in
subjects without IR. However, the protein C concen�
tration in the elderly did not differ from that in patients
with and without IR. These findings contradict slightly
the results of S. Agewall and coauthors, which state
that IR is accompanied by increased protein C activity
[8]. These differences can be explained by that the
patients surveyed by S. Agewall were clinically healthy
people, but IR patients with hypertension stage I,
when the activity of the anticoagulant system is
reduced, were allowed to participate in our study.

Analysis of the content of fibrinolysis components
revealed that plasminogen levels tended to increase in
the blood plasma of middle�aged people with IR.
However, we found that the level of fibrinogen in eld�
erly patients with IR did not rise when subsequently
compared with a group of the same age without IR. In
the presence of IR, there was a statistically significant
elevation of PAI�1 in plasma in middle�aged subjects,
which can lead to reduced fibrinolytic capacity (Table 2).
Perhaps, the absence of PAI�1 rise in elderly patients
with IR is associated with the fact that this group man�
ifested abdominal obesity to a lesser extent [19].
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D�dimer levels increased with age even in healthy peo�
ple without IR. In the presence of IR, an additional
increase in the D�dimer level was observed in both age
groups, which is consistent with the results of other
authors [15].

In the next step, we analyzed indicators of the
hemostatic system in people of different ages with IR
in the absence or presence of IGT. In middle�aged
persons with IGT, the fibrinogen level was greater than
that in the examined individuals without IGT; how�
ever, in the presence of IGT, there was a compensatory
increase in the activities of protein C and antithrom�
bin III anticoagulants. At the elderly age, the level of
natural anticoagulants did not increase in people with
IGT. Hyperfibrination developed and higher levels of
D�dimer were shown in elderly people with IR and
IGT as compared to middle�aged people with IR and
IGT. Decreased APTT was noticeable in both age
groups of people with IR and IGT, which indicates an
increased tendency of thrombosis. A more significant
reduction of this indicator was observed in elderly peo�
ple (Table 2).

Our data on the age�related differences in the coag�
ulation/anticoagulation system, as well as changes in
this system upon IR, on the whole agree with data of
previous studies. Thus, the most frequent changes in
both aging and in the presence of IR (age�related
changes were not studied in the reference papers) is
the increase in the concentration of fibrinogen, while
other routine clinical indicators of coagulation/anti�
coagulation assessed at rest were within the normal
range [10].

As the correlation analysis data show, PAI�1 (r =
0.32, p < 0.05) is the most sensitive indicator of the
hemostatic system; it is associated with IR in middle
age. APTT (r = 0.38, p < 0.05) is the indicator of this
at the elderly age. The positive correlation of IR with
PAI�1 in middle age can be attributed to the fact that
visceral fat tissue is one of the main sites of the synthe�
sis of the plasminogen activator inhibitor and that vis�
ceral obesity was greater in the middle�aged people
group with IR.

APTT is a comprehensive indicator, and its reduc�
tion indicates an imbalance in the hemostatic system
towards thrombosis. The mechanisms of hemostasis
are likely better compensated in middle�age subjects
with IR; therefore, APTT has no evident changes in
these people. In elderly age, APTT is reduced in the
presence of IR, confirming the progression of pro�
thrombotic changes.

CONCLUSIONS

In healthy people age�related signs of dyslipidemia
appear due to increased triglyceride levels, which is
one of the reasons for increased blood viscosity. Insu�
lin resistance contributed to blood viscosity to a
greater extent in the examined middle�aged individu�

als, which may be associated with more severe hyper�
triglyceridemia.

An increasing D�dimer level is a feature of age�
related changes of the hemostatic system in healthy
elderly people. In healthy elderly people, decreased
activity of protein C natural anticoagulant is one of the
causes of an increased tendency of thrombosis.

PAI�1 levels increased in the plasma in both age
groups of patients with insulin resistance, which can
lead to a reduction of the capacity of fibrinolysis sys�
tem. However, in the middle�aged people with insulin
resistance, this reduction can be compensated for by
an elevated plasminogen content.

Greater prothrombotic changes under insulin
resistance in elderly subjects are evidenced by reduced
clotting time of blood plasma in the APTT test and
elevated levels of soluble fibrin and D�dimer.

The results substantiate a new approach to the cor�
rection of hemostasis disorders that consists in the
reduction of insulin resistance and normalization of
the glucose metabolism.
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