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PHYSIOLOGICAL AND PATHOPHYSIOLOGICAL CHANGES IN 
CHERNOBYL LIQUIDATORS LIVING IN HIGH 
ALTITUDE CONDITIONS

K e y w o r d s  — accident liquidators, hypoxia, morbidity, 
myocardial hypertrophy, functional status of organs and 
systems.

I n t r o d u c t i o n
It is known that the human body living in condi-

tions of high mountains is under the constant exposure 
of the environmental factors, and, in case of prolonged 
exposure, these factors affect the physiological func-
tions of the body, which in many cases leads to adapta-
tion to the given conditions. Climatic factors, such as 
reduced atmospheric pressure, reduced oxygen partial 
pressure, temperature, humidity, high intensity of solar 
radiation, air ionization and other factors, affect the 
human body through the skin, lungs, sensory organs, 
causing different physiological shifts. [1–5]. 

As it has been stated by many authors [6, 7], in 
mountainous conditions, a complex of adaptive rear-
rangements take place, firstly associated with oxygen 
insufficiency. The main adaptive reactions to hypoxia 
in highlanders are: somewhat increase in the respiration 
rate and lung ventilation; increased residual volume 
due to an increase of the quantity of functioning 
alveoles and increased perfusion of lung capillaries and 
rearrangement of tissue respiration [8, 9].

A number of authors [4, 10, 11] have revealed 
significant differences in the status of the cardiovascular 
system, the function of external respiration and gas 
exchange, as well as the blood indices, between the in-
habitants of lowland areas and indigenous highlanders.

The aim of the presented study has been to reveal 
the differences in morbidity, changes in the functional 
status of different organs and systems in liquidators 
living on the plains compared with the residents of the 
highland regions of Armenia.

MATERIALS          AND    METHODS     
The survey involved 270 liquidators — residents 

of Armenia, living in the high mountains, who partici-
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pated in the work on eliminating the consequences of 
the Chernobyl NPP accident in 1986–1988. (I group). 
As a control group, 300 lowland liquidators were at-
tracted (group II). All liquidators consisted in various 
age categories. The age of the liquidators during the 
period of the accident was between 20–55 years (at 
the age of 20–30 years — 12.6%; 31–40 years – 32.7%; 
40–50 years — 38.5% and over 50 years — 16,2%). 

Liquidators were divided into 3 groups: the first 
one comprised of individuals with external radiation 
dose up to 10 cGy (52.7%), the second — 10–20 cGy 
(41.7%), and the third — above 20 cGy (5.6%). Spiro-
metric and immunological tests, general blood analysis 
(using complex unified tests) have been carried out in 
these liquidators. Immunological indices were studied 
such as white blood cells, E-rosetting (T-lymphocytes) 
and EAC-rosetting (B-lymphocytes): relative and 
absolute quantity, serum immunoglobulins G, A, M, 
phagocytic activity and complement titer. 

Using methods of system analysis, the following 
indices of lung function were analyzed: Tiffeneau-
Pinelli index (IND_TIF = FEV1/VC), forced expira-
tory volume in 1 second (FEV1), the vital capacity of 
lungs (VC), peak expiratory flow (PEF) [12]. 

The changes in the cardiovascular system have 
also been analyzed: disturbances of the nutrition of 
the myocardium, arrhythmia, hypertrophy of the atria, 
conduction disturbances, valve sclerotic changes, heart 
failure.

The statistical analysis of the data has been car-
ried out by means of a number of computer programs 
intended for statistical processing of digital data arrays. 
Electronic spreadsheet Microsoft Excel and specialized 
statistical packages Statsoft-7, SPSS-10, MedCalc, and 
StatGraphics Plus were used. Correlation, regression 
and dispersion factor analyses were carried out [13, 14].

RESULTS     
Fig. 1 shows in dynamics the morbidity by the 

following systems: cardiovascular and chronic non-
specific lung diseases (CNSLD) in highlander and 
plainsmen liquidators. 

As a result of many years (30 years) of research, it 
was found that regarding the respiratory system, the 
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morbidity of liquidators living in high mountains was 
much lower throughout the whole period of the study 
(as compared to the plainsmen liquidators), which 
is obviously indicative of protective mechanisms in 
people who have long lived in hypoxic conditions. 
Indicators of lung function in the early post-accident 
period were also significantly different in the selected 
groups (table 1).

Fig. 1. �Dynamics of the morbidity in “plainsmen” and “highlander” 
liquidators by the following systems: cardiovascular (a), CNSLD (b)

Table 1. �Respiratory functional disturbances in “highlander” and “plainsmen” liquidators 

Fig. 2. �Shares of influence of smoking on the indicators of the functional state of the respiratory system of "lowland" and "high mountain" liquidators in 
the early and remote post-accident periods

Using the dispersion factor analysis, the shares of 
the influence of the radiation factor were revealed on 
VC (50.57%) and FEV (34.5%) in the early and VC 
(20.21%) and FEV (24.13%) in the long-term periods. 
Only at the end of the study did the morbidity rates 
for CNSLD in the highlander and plainsmen liquida-
tors become almost equal, because of the gradual 
predominance of non-radiation factors such as age and 
smoking, that affect the morbidity for the respiratory 
tract. Thus, the results of dispersion factor analysis 
(Fig. 2) showed that the shares of the effects of smok-
ing on lung function indicators (IND_TIF; FEV1 and 
VC) in the late period had increased by 1.5–3 times.

Pulmonary hypertension and signs of right 
ventricular hypertrophy are considered to be the main 
adaptive changes in case of permanent residence in hy-
poxic conditions. The relationship of respiratory and 
cardiovascular disorders is particularly pronounced in 
the highlander liquidators. In permanent residents of 
the mountains, structural changes in the pulmonary 
vessels underlie pulmonary hypertension. The mecha-
nism of formation of right ventricular hypertrophy is 
due to increasing pulmonary hypertension [15]. 

As for the cardiovascular system, in the early 
period (in 2 groups), the differences between the 
indices of these 2 groups were insignificant and only 
since 2000 a clearly marked decrease has been observed 
in the percentage of morbidity among the highlander 

liquidators liquidators VC FEV1 FEV/VC FVC/FEV_PEV

early period
“highlanders” 89,1±2,62 80,9±4,2 89,2±2,5 -
“plainsmen” 81,8±2,55 p<0,05 67,3±5,23 p<0,05 82,5±2,27 p<0,05

late period
“highlanders” 87,4±2,8 90.7±3,69 99,0±3,34 12,8±6,22
“plainsmen” 90,09±2,2 94,61±3,35 103,27±2,76 11,59±1,93
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liquidators relative to the plainsmen. This can be 
explained by the fact that among the population of the 
mountaineers, atherosclerotic lesions of the main and 
peripheral vessels develop later and progress poorly. A 
smaller loss of elasticity of the vessels with age of the 
liquidators  facilitates the work of the heart as well.

In liquidators who live in the highland regions 
of Armenia, significantly fewer cases of myocardial 
nutrition disorders (10.5% relative to the plainsmen - 
29.1%), conduction disorders (5.3% relative to 7.6%), 
and arrhythmias (5.3% relative to 21.5%) have been 
revealed. The “highlanders” were also found to have a 
smaller number of such clinical cases as: myocardial 
infarction (in the highlander 5.3% relative to the plains-
men — 6.3%), heart failure (31.6% relative to 40.5%)  
and ventricular hypertrophy (36.8% relative — 39.2%). 
In permanent residents of highland areas, adaptive 
changes are formed at the tissue level. In particular, 
a number of authors [11, 15] indicate that in the 
highlanders, increased utilization of oxygen by tissues 
occurs as a result of increased vascularization and 
increased activity of tissue enzymes, and not due to the 
intensification of the blood flow and increased cardiac 
output. The presence of hypertrophy of the right 
ventricle of the heart in mountaineers is also noted 
as a decisive factor in the inclusion of the adaptive 
mechanisms of the body, in particular tissue factors. 
Of all cases of ventricular hypertrophy, in 68% of the 
highlander liquidators right ventricular hypertrophy 
has been observed.

Issues of the impact of mountain climatic fac-
tors on the human body in different age periods are 
not well understood. Revelation thereof is of interest 
for finding both theoretical and practical solutions 
to the prevention of premature aging. In permanent 
highland residents, the heart rate changes with age to 
bradycardia (found in 25.53% of highlanders relative 
to the plainsmen — 17.85%). At the same time, in 
highlanders the time of the systolic segment is some-
what less, and the diastolic time is longer than that in 
the plainsmen. A significant difference was found in 
the mean systolic pressure of the liquidators living in 
hypoxia ((127,1±3,1) and the plainsmen liquidators 
(138,2±4,12). According to Alipov D.A. [16], these 
phenomena in mountaineers can be considered as a 
characteristic adaptive response that provides better 
filling of the heart during diastole and more economi-
cal use of the heart muscle energy.

As it is known, constant life in high altitude con-
ditions causes persistent adaptive red blood changes. 
According to the works of Mirrakhimov M.M. and 
co-authors [17], the total number of red blood cells 
can be 5% higher than that in the individuals living 
at sea level. We found no significant differences in 

the number of red blood cells in the plainsmen and 
highlander liquidators, although there was a tendency 
to increase in this number, and there was a significant 
direct correlation relationship between the number 
of the red cells and hemoglobin level (in the early 
post-accident period r = 0.63 and in the late period r 
= 0.87) in the highlander liquidators, throughout the 
period of the research. We have found a significant 
increase in the level of hemoglobin in the blood of the 
highlanders (164.5±1.12 g/l — in the early period and 
151.9±1.79 g/l — in the remote period) relative to the 
"plainsmen" liquidators (in the early — 161.4±1.15 g/l, 
in the remote — 146.07±2.25 g/l), which is confirmed 
by the literature data [18], where this increase is as-
sociated with an increase in the oxygen capacity of the 
blood in the residents permanently living in the condi-
tions of high altitude.

The results of the analysis of immunological indi-
cators are presented in Table 2. 

From the presented data, it can be seen that, in 
the early post-accident period, a significant differ-
ence was observed in T-lymphocytes (relative number 
— 29.71±2.16 for highlanders and 36.67±1.5 for 
plainsmen), and, in the long-term period, a significant 
difference was observed in almost all immunological 
parameters in the above-mentioned groups. In the 
highlanders in the long-term period, a decrease in the 
relative number of B-cells was revealed not only in rela-
tion to the plainsmen liquidators but also in compari-
son with the norm.

C ON  C LUSIONS     
Thus, we have found that the morbidity rates 

by the following cardiovascular system and CNSLD, 
from 1995 to 2010 in highlander liquidators,  were 
significantly lower compared to plainsmen liquidators, 
which indicates a presence of protective mechanisms 
in permanent residents of mountainous areas. In the 
early post-accident period, there was a significant 
difference between the indicators of lung function in 
groups I and II of liquidators.

Using the dispersion factor analysis, the shares of 
the influence of the radiation factor on VC and FEV 
(in the early (50.57%; 34.5%) and in the long-term 
(20.21%; 24.13%)) and smoking (in the early (64.87%; 
50.64%) and in the long-term periods (83.29%; 
76.19%)), which indicates that there is a decrease in 
the influence of radiation and an increase in non-radia-
tion factors (age, smoking).

In the liquidators who live in highland regions 
of Armenia, significantly fewer clinical cases related 
to cardiovascular system, were found. In 68% of the 
highlander liquidators, right ventricular hypertrophy 
was observed, which is an adaptive change for them. 
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Significant differences in RBC and immunological pa-
rameters between highlander and "plainsmen" liquida-
tors were also recorded.

Thus, the liquidators living in conditions of 
hypoxia turned out to be more enduring to the condi-
tions of ionizing radiation exposure. This is explained 
by the physiological adaptation that has arisen 
throughout the life in conditions of high mountains.
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