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ABSTRACT

The aim: To determine the peculiarities of the response of pulmonary ventilation to hypoxia in elderly people with impaired glucose tolerance

Materials and methods: Forty-three elderly people were examined, including 20 patients with impaired glucose tolerance and 23 healthy individuals with
preserved glucose tolerance. Fasting plasma glucose and insulin concentrations were determined, and the HOMA-IR insulin resistance index was calculated.
Under conditions of normoxia and during a dosed hypoxic test (12% oxygen, duration 20 min), blood saturation and lung ventilation parameters were monitored.
Results: Under conditions of normoxia, the indicators of lung ventilation function did not differ between the groups of elderly people with impaired and
preserved glucose tolerance. Under conditions of hypoxia, elderly people with impaired glucose tolerance had a less significant increase in ventilation, despite
the development of more severe arterial hypoxemia. This leads to a decrease in the ventilatory response to hypoxia in case of impaired carbohydrate metabolism.
Conclusions: In people with impaired glucose tolerance, a less significant ventilatory response to hypoxia is combined with more pronounced insulin resistance.

KEY WORDS: impaired glucose tolerance, aging, hypoxia, ventilation, insulin resistance

INTRODUCTION

Disorders of glucose homeostasis are an important
medical and social problem in the world. This is pri-
marily due to their high prevalence, development of
complications and economic losses. Thus, in 2015,
there were about 415 million people in the world with
disorders of glucose homeostasis (elevated fasting
blood glucose level, impaired glucose tolerance), and
according to the forecast, their number will increase
to 642 million in 2040 [1]. Today, disorders of glucose
homeostasis are considered an important risk factor for
the development of cardiovascular disease and type 2
diabetes mellitus [2]. Epidemiological studies show that
within a year, 3.6% to 8.7% of people with dysglycemia
become patients with type 2 diabetes mellitus [3]. This
gives grounds to consider impaired glucose homeosta-
sis as anintermediate stage before the development of
diabetes, i.e., as prediabetes [4].

Previous studies have shown a significant increase
in the prevalence of glucose homeostasis disorders in
older age: from 8.8% in men and 11% in middle-aged
women to 24.3% in men and 34.7% in women over 85
years of age [5]. This indicates a link between age and
carbohydrate metabolism disorders.
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The causes of carbohydrate metabolism disorders
in aging may include poor nutrition, reduced physical
activity, decreased muscle mass, decreased insulin
secretion, and the development of insulin resistance
[6]. According to researchers, insulin resistance (IR) is
the most important cause of impaired carbohydrate
tolerance in the elderly [6].

Hypoxia plays an important role in glucose homeosta-
sis disorders and in the development of diabetes com-
plications [7]. Hypoxia controls the activation of HIF-1q,
a hypoxia-inducible transcription factor, and through it
VEGF, a vascular endothelial growth factor [8]. In the pres-
ence of elevated glucose concentrations, cells and tissues
are exposed to elevated levels of glycation end products
that inhibit HIF-1a function [7]. This leads to increased
degradation of HIF-1a under conditions of hypoxia and
hyperglycemia [7]. The consequence is a decrease in the
adaptive capacity of cells and their survival [7, 8]. Tissue
hypoxia also promotes the activation of proinflammatory
cytokines, which can cause the onset and progression of
carbohydrate tolerance disorders [9].

On the other hand, hypoxia and hypoxic shifts are the
cause or characteristic feature of age-related decline in
the body’s functional capacity and adaptive capacity [10].
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With aging, oxygen supply to tissues and oxygen tension
in tissues decrease [11]. Studies have also shown that the
body’s resistance to hypoxia decreases with aging [11, 12].

Among the mechanisms of adaptation to hypoxia,
the respiratory system plays a key role, as it responds
most quickly to the development of arterial hypoxemia.
Under conditions of oxygen deficiency, lung ventilation
increases and bronchial patency increases [12].

At the same time, changes in pulmonary ventilation
under hypoxia in elderly people with impaired glucose
tolerance (IGT) remain unclear.

THE AIM

The aim of our study was to determine the peculiarities
of the response of pulmonary ventilation to hypoxia in
elderly people with impaired glucose tolerance (IGT).

MATERIALS AND METHODS

The study was conducted in accordance with ethical
guidelines. Participation in the study was voluntary, all
subjects received detailed information about the study
and signed an informed consent. The study procedures,
patient information, and the informed consent form
were approved by the Ethics Committee of the Clinical
Sector of the Dmitry F. Chebotarev Institute of Geron-
tology of the National Academy of Medical Sciences of
Ukraine (Protocol 9 of June 11, 2013).

We examined 20 people aged 60-74 years with IGT,
which was diagnosed on the basis of the results of an
oral standard glucose tolerance test (OGTT) [2]. The
criterion for IGT was a glycemic level of 7,8 to 11,1
mmol*I" after 2 hours of OGTT. As a control group,
23 practically healthy people aged 60-74 years with
preserved glucose tolerance (PGT) were examined, in
whom the plasma glucose level after 2 hours of OGTT
was less than 7.8 mmol*|".

The index of insulin resistance (HOMA-IR - Homeo-
stasis Model Assessment for Insulin Resistance) was
calculated by the formula:

HOMA-IR = fasting plasma glucose * fasting plasma
insulin / 22,5.

The glucose concentration was determined by the
glucose oxidase method on a BTS-330 analyzer using
Glucose reagents (Bio LATEST Lachema Diagnostica,
Germany), and the plasma insulin concentration was
determined by an enzyme-linked immunosorbent
assay using a DRG Insulin ELISA kit (DRG Instruments
GmbH, Germany).

A dosed hypoxic test was performed in a sitting
position no earlier than 2 hours after breakfast using
a standard certified gas mixture containing 12 % ox-

ygen and 88 % nitrogen. The duration of the test was
20 minutes. During the hypoxic test, blood saturation
(SpO,) was recorded using the “UM-300" monitor (UTAS,
Ukraine), respiratory volume (VT) and respiratory rate
(F) using the “Hypotron”apparatus (Scientific Research
Institute “APRODOS” of National technical university
of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute’,
Ukraine). SpO, and pulmonary ventilation were record-
ed under normoxia conditions (before the hypoxic test
for 5 minutes), then during the hypoxic test and for
5 minutes after the hypoxic test. The degree of SpO,
decrease during the hypoxic test reflects the body’s
ability to withstand hypoxic exposure, i.e., character-
izes resistance to hypoxia [13]. It is worth noting that
inhalation of a hypoxic gas mixture containing 12 %
oxygen for 20 minutes is completely safe for humans,
as evidenced by the widespread use of hypoxic tests in
both healthy and sick people [14].

The obtained data were processed by the methods
of variational statistics using the computer program
“Statistica 7.0 for Windows". The studied indicators had
adistribution close to normal. Average values of indica-
tors (M), their errors (m) were calculated. Differences in
the average values of the indicators in the groups were
evaluated according to the Student’s test. Pearson'’s
correlation analysis was performed. The critical level
of statistical significance was 0.05.

RESULTS

Under conditions of normoxia, the indicators of lung
ventilatory function did not differ between groups of
elderly people with IGT and PGT (table I).

In response to dosed hypoxia, ventilation rates in-
creased in both patients with PGT and patients with
IGT (table ).

At the same time, certain differences in the response
of pulmonary ventilation to dosed hypoxia in elderly
people with PGT and those with IGT were found. In
subjects with IGT under hypoxia, the increase in VT
and, accordingly, VE was less than in subjects with
PGT, despite the development of more severe arterial
hypoxemia. As a result, under hypoxia, the ratio AVE/
ASpO2, which characterizes the ventilatory response to
hypoxia, decreased to a lesser extent in patients with
IGT than in patients with PGT (table I).

The insufficient ventilatory response to hypoxia in
elderly people with IGT is likely to be one of the factors
in reducing their resistance to hypoxia.

In the study of the relationship between ventilation
response to hypoxia and the insulin resistance index,
the following was found. In patients with IGT, changes
in minute ventilatory volume (AVE) during hypoxia
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Table . Indicators of ventilation function of lungs in elderly people with IGT and PGT, M £ m

Indicator Group with PGT Group with IGT
VT in normoxia, | 0,61+0,02 0,59+0,03
VT in hypoxia, | 0,69 £ 0,03 0,63+0,03
AVT, | 0,08 £ 0,007 0,04 £0,007*
F in normoxia, min-1 13,10+0,23 13,01 £0,25
F in hypoxia, min-1 14,32+0,15 14,71 £0,15
AF, min-1 1,22 +0,09 1,70 £ 0,07
VE in normoxia, I*min-1 7,99 +0,26 7,68 +0,22
VE in hypoxia, I*min-1 9,88 +0,28 9,27 £0,30
AVE, [*min-1 1,89+ 0,08 1,59 £ 0,06*
SpO2 in normoxia, % 95,74%0,15 95,50+0,17
Sp02 in hypoxia, % 80,74+ 0,16 78,13 £0,14*
ASpO2, % -15,00 £ 0,14 -17,37£0,11*
AVE/ASpO2 -0,126 £ 0,003 -0,092 + 0,005*

Notes: all shifts are significant, p < 0.05; * - differences are significant compared with the indicators of elderly people with VT, p < 0.05; VT - respiratory
volume, F - respiratory rate, VE - minute respiratory volume, A - shift in hypoxia

correlated with the HOMA-IR index of insulin resistance
(r=-0,37, p=0,0012). The regression analysis showed
aninverse linear relationship between these parameters.

The analysis also revealed an inverse correlation
(r=-0.36, p=0,0019) between VE shifts during hypoxia,
on the one hand, and changes in glucose levels after
2 hours of OGTT, on the other hand, in patients with IGT.

DISCUSSION
The question arises: why do elderly people with IGT

have a reduced ventilatory response to hypoxia? It is
known that up to 70% of circulating blood glucose is
consumed by the brain [15]. Our previous studies have
shown that hypoxia reduces blood glucose levels, espe-
cially in people with IGT [16]. In order to compensate for
the energy supply of the brain under hypoxia, glucose
transport to the brain is activated. Thus, the level of
the insulin-independent glucose transporter GLUT-3
increases [17]. At the same time, it is known that in IR,
cellslose the ability to respond to the metabolic activity
ofinsulin and insulin-mediated processes in the brain, in
particularin the hypothalamus, hippocampus and cere-
bral cortex [18]. Under conditions of oxygen deficiency,
despite increased glucose transport, defective insulin
signaling leads to a shortage of energy substrates in
brain neurons. In IR, the importance of activation of
free radical processes in the brain during hypoxia also
increases. This can contribute to an excessive increase
in the level of membrane lysophospholipids, which
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leads to a violation of the functional activity of mito-
chondria and a decrease in the synthesis of macroergic
compounds [19].

The described processes reduce the energy supply of
the brain and form a different pattern of the activity of
the neurons of the respiratory center. This can lead to
a delayed and insufficient response to hypoxia of the
respiratory center neurons in elderly people with IGT.

On the other hand, the mechanisms of ventilation
regulation, its response to hypoxia, and carbohydrate
metabolism may interact [20]. Therefore, it is possible
that functional insufficiency of ventilation regulation
contributes to carbohydrate metabolism disorders. In
turn, disorders of carbohydrate metabolism, which, in
particular, develop in elderly people with IGT, negatively
affect metabolism and can cause changes in the sen-
sitivity of central and peripheral chemoreceptors. This
leads to a decrease in the sensitivity of the chemoreflex
mechanism of compensation for arterial hypoxemia. As
a result of these complex mechanisms, the respiratory
center’s response to hypoxia in elderly people with IGT
is reduced.

RESPIRATORY RESPONSE TO HYPOXIA AND
INSULIN RESISTANCE

It is known that a constant oxygen tension in tissues is
essential for optimal cellular metabolism. The activation
of ventilation under the influence of hypoxic stress is
aimed at compensating for oxygen deficiency to meet
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the body’s metabolic needs. The activity of metabolic
processes, in particular, carbohydrate metabolism
under hypoxia, directly depends on the adequacy of
the body’s compensatory reactions. It is hypoxia, that
is, the inability to meet the oxygen needs of the body,
that leads to the development of pathological changes
in carbohydrate metabolism. However, the relationship
between changes in pulmonary ventilation to hypoxia
and insulin resistance in elderly people with IGT is still
unclear.

These data suggest the existence of a cause-and-ef-
fect relationship between IGT and insufficient response
of lung ventilation to hypoxia in the elderly. The identi-
fied dependencies do not allow us to determine what is
the cause and what is the effect. However, they show an
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