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We studied the features of allostatic load (AL) in 100 students aged 18–24 years old who, from birth to adulthood, lived in the terri-
tories assigned to the IV radiation zone after the Chornobyl accident (density of soil contamination by isotopes 137Cs 3.7–18.5∙104 Bq/m2) 
and underwent prolonged exposure to small doses of ionizing radiation. The examined students did not have any clinical signs of the 
immune-neuroendocrine system dysfunction. 50 people had signs of vegetative-vascular dystonia syndrome (VVD), 48 had signs of 
moderate hyperthyroidism and 21 had signs of moderate hypothyroidism. During the examination session, as a factor of additional 
psycho-emotional load, in 66 of the examined the immunoregulatory index CD4+/CD8+ went below the lower limit of the homeostatic 
norm, in 62 of the examined low density lipoprotein cholesterol (LDL-C) exceeded the upper level. The relative risk (RR) and attributa-
ble risk (AR) of the participation of potential secondary factors of allostatic load formation in CD4+/CD8+ immunoregulatory index 
going below the lower limit were calculated. The presence of statistically significant relative risk of participation in the formation of 
suppression of the index CD4+/CD8+: the state of hyperthyroidism, state of hypothyroidism, vegetative-vascular dystonia syndrome, 
higher than normal LDL-C. When the examined students combined the signs of hyperthyroidism, vegetative-vascular dystonia syn-
drome and higher level of LDL-C; with combination of signs of hypothyroidism, vegetative-vascular dystonia syndrome and higher 
level of LDL-C. The attributable risk in all cases exceeded 0.10, which confirmed the importance of some of these factors and their 
complexes in the formation of the effect of reduced immunoregulatory index. The CD4+/CD8+ index can be considered an important 
biomarker of AL and premature age-related changes in the immune system in residents of radiation-contaminated areas. The risk of AL 
formation in the case of occurrence of a complex of mediated secondary biomarkers (vegetative-vascular dystonia syndrome, thyroid 
dysfunction, hypercholesterolemia) is higher compared to their individual significance.  

Keywords: Chornobyl accident; low doses of radiation; emotional stress; immune-neuroendocrine complex; biomarkers; immunosenes-
cence; CD4+/CD8+.  

Introduction  
 

Humanity is constantly under the influence of many harmful environ-
mental factors that lead to adverse health effects and/or cause disruption of 
the regulation and dynamics of certain homeostatic indicators. Sensitivity 
to extreme conditions is determined by many individual characteristics – 
genetic, psychological or physiological (Belsky & Pluess, 2009). The stu-
dy of adaptation to exogenous factors is one of the most important tasks in 
the field of human biomonitoring – this makes it possible to identify lead-
ing biomarkers of potential pathogenic changes in the body (Rossnerova 
et al., 2017). Since the 1960s, the concept of adaptation in biology and 
ecology has been understood as an evolutionary process through which the 
body optimally adapts to certain living conditions (Dobzhansky, 1968). 
Genetically determined adaptation provides a reproductive advantage to 
the population in a particular environment, it is a reaction to existing pre-
vailing environmental factors, and it is formed over a long period. On the 
other hand, it may reduce the ability to adapt to subsequent environmental 
changes, that is, to be a prerequisite for maladaptation. Therefore, the do-
minance of non-hereditary adaptation in humanity gives it certain advan-
tages (Moran, 2018).  

The question of the possibility of adaptation of the human body to 
chronic radiation exposure and the existence of the phenomenon of radia-
tion hormesis is currently being discussed. Supporters believe that low-
dose pre-irradiation causes adaptive response, thereby increasing resistan-
ce to high doses (Baldwin & Grantham, 2015).  

Signs of radiation hormesis have been noted for many biological ob-
jects, there are studies for certain groups of people (Gourabi & Mozdarani, 
1998) and human lymphocytes in vitro (Olivieri et al., 1984; Rithidech & 
Scott, 2008). In particular, there is a decrease in cases of cancer in individ-
uals previously irradiated with chronic low doses (Esteller & Herman, 
2002; Chen et al., 2007; Zölzer et al., 2017), a reduced degree of DNA 
damage in the long term compared with control (Zölzer et al., 2015; Ross-
nerova et al., 2016), certain structural changes in lymphocytes that can be 
classified as manifestations of the adaptive response (Zölzer et al., 2012).  

On the other hand, various sources described cases of negative effects 
(at the level of reproductive functions, accumulation of genetic and epige-
netic changes, manifestations of carcinogenic and immunodeficiency pro-
cesses, premature aging and reduction of life expectancy) of chronic radia-
tion exposure in animals both in laboratory conditions and in the wild after 
the Chornobyl accident (Tang et al., 2016). Data are available on induction 
under the influence of low-dose ionizing radiation (LDIR) or low-dose-
rate ionizing radiation (LDRIR) of cancer (Shah et al., 2012; Davis et al., 
2015; Leuraud et al., 2015) and cardiovascular diseases (Sumner, 2007) 
and formation of long-term psychological effects in humans (Pastel, 
2002). Such publications support the linear non-threshold theory which 
says that ionizing radiation is harmful, starting with minimal doses (Ross-
nerova et al., 2017). Thus, the question of the presence or effectiveness of 
adaptive responses to radiation remains debatable. Clearly, radiation is a 
recognized stress factor (Nylund et al., 2014). Stress is any change in a 
person’s homeostasis due to the action of real or potentially dangerous 



 

Regul. Mech. Biosyst., 2019, 10(4) 423 

factors. An important component of the normal response to stress is the 
phase of recovery of physiological parameters to homeostatic values. 
A special consequence of a stress reaction is allostasis, when, unlike ho-
meostasis, after the stressor expiration, the indicators do not return to their 
initial levels, although, under these conditions, they are optimal (Cool & 
Zappetti, 2019).  

The stress effect, in which the regulatory systems are not able to re-
store the indicators to optimal values, is called allostatic load (AL). 
The consequences of such an allostatic reaction are manifested by vari-
ous types of biological damage, lead to the depletion of adaptive resour-
ces or violations of the regulation of the whole complex of physiologi-
cal systems, and thus to pathological changes in the body. Thus, allosta-
tic load determines the resistance to stress. Typical factors that can lead 
to an allostatic load of a person are extreme exogenous factors and 
social stressors (McEwen & Stellar, 1993; McEwen, 2007; Juster et al., 
2010). Different types of stressors are characterized by different allosta-
tic load and differentially affect various physiological systems (Wiley 
et al., 2016). However, the mechanisms of their effects on the immune 
system are similar. This is particularly true of physical and psychologi-
cal stress (Yang & Glaser, 2002). Moreover, psychological stress signi-
ficantly inhibits the effectiveness of adaptive mechanisms to other stres-
sors (Krivoschekov & Mozolevskaya, 2007), its intensity increases with 
age (Luz et al., 2003). The allostatic load model is an effective tool for 
predicting health disorders and is measured on the basis of certain indexed 
biomarkers, moreover, it is important to make an integral assessment of 
the functional potential of physiological systems (McEwen & Stellar, 
1993; Juster & Lupien, 2012). Metabolic, neuroendocrine and cardiovas-
cular parameters were considered to be optimal biomarkers of allostatic 
load for a while. Recently, immune biomarkers have been increasingly 
used to evaluate it. It is recommended to consider the age factor here (Jus-
ter et al., 2010; Wiley et al., 2016; Cool & Zappetti, 2019). Dysfunctions 
of these indicators are, at the same time, typical effects of radiation expo-
sure (Korenev et al., 2009; Minchenko et al., 2013; Bilokur, 2018) and 
biomarkers of premature aging of the organism (López-Otín et al., 2013; 
Leonardi et al., 2018; McHugh & Gil, 2018).  

Aging is a complex dynamic process characterized by continuous 
adaptation of the organism to age-dependent degenerative phenomena 
(impairment of physiological functions due to structural and functional 
changes at the molecular level) (Ostan et al., 2008). In fact, aging is the 
result of the balance between damage to the body over the course of life 
and its elimination. The rate of aging and the emergence of age-related 
pathology are modulated by responses to stress and recovery processes 
that are gradually inhibited at different levels (DNA repair, mitochon-
drial respiration repair, etc.) (Haigis & Yankner, 2010). Signs of aging 
are evident from the onset of reproductive maturity. The process of pre-
mature aging is conditioned by a complex of free-radical, metabolic, 
endocrine and psycho-emotional maladaptive processes, reflecting the 
imbalance and inconsistent activity of the main homeostatic systems of 
the organism, as a consequence of the exhaustion of their potential 
(Hayflick, 2007; Kirkwood & Shanley, 2010; Rando & Chang, 2012).  

Accelerated aging and increased susceptibility to chronic diseases are 
facilitated by living in ecologically unfavourable regions and stresses of 
various nature. Moreover, the positive effects of the achievements of mo-
dern medicine can be largely smoothed over (Rajah et al., 2009; Boieva 
et al., 2018). Recently, a wide range of age-related diseases, including 
cardiovascular and cancer, have been described for exposed groups of 
people. Comparison of the theories of biological processes of aging and 
the effect of ionizing radiation on the human body shows the similarity 
of the development of free radical processes, metabolic and immune 
dysfunctions (Richardson, 2009).  

For the liquidators of the Chornobyl accident the acceleration of the 
aging rate depending on the received dose is discovered, the increase of 
its heterochrony and heterotopia, the pathologizing effect (an increase in 
the number of diagnosed diseases in long-term observation), the presen-
ce of a positive correlation between the biological age and the level of 
cortisol, pro-inflammatory cytokines in peripheral blood. Moreover, a 
higher risk of activation of aging processes is observed with irradiation 
at a young age (Akhaladze, 2016). One of the leading determinants of 
the following radiation-induced effects, in which the immune system 

plays an important role, is precisely the age of the victims (Hernández 
et al., 2015).  

Many more questions are raised by the age-related effects of low-dose 
radiation (< 100 mSv and especially < 10 mSv). The risk level for accele-
rating aging or occurrence of various dysfunctions under these conditions 
remains a major problem in radiation epidemiology (Orgiazzi, 2015; Ak-
haladze, 2016). Therefore, young people from the territories of enhanced 
radioecological control must be under permanent medical supervision. 
Unfortunately, in medical practice, up to now, attention is paid mainly to 
the expressed clinical indicators in the irradiated cohorts of the population, 
which limits the possibility of preventive measures (Juster & Lupien, 
2012). Thus, the concept of maladaptation and premature aging of the 
organism, in particular, under conditions of radiation exposure, are clo-
sely related. Finding their common biomarkers (at the allostatic load 
level) and analyzing reciprocal interactions (especially in the initial 
stages of dysfunction development) are significant means of identifying 
individuals at risk of stress-induced dysfunction and preventing epide-
miological risks for certain population cohorts (Juster et al., 2010).  

So, the potential factors for maladaptation development and interac-
tion between them receive little attention. Among the prognosis criteria, 
which characterize the involvement of a particular factor in the forma-
tion of human health disorders or the development of various dysfunc-
tions, the relative and attributable risks are indicated (Zaretskaya, 1983; 
Zaporozhan et al., 2010). A specific feature of these indicators is the 
ability to be used as prognostic markers when relevant dysfunctions 
occur only in some individuals in a particular cohort.  

The purpose of the study was to find out the values of some particular 
indicators of lipid metabolism, thyroid status, vegetative-vascular dysfunc-
tions and immune system as markers of allostatic load in persons aged 18–
24 years, who lived for a long time in the territories of enhanced radioeco-
logical control (by calculation the relative risk).  
 
Materials and methods  
 

We analyzed the level of cortisol, lipid metabolism, thyroid status, re-
dox homeostasis and immune systems of 100 students aged 18–24 years, 
who from birth to adulthood had lived in the territories of enhanced radia-
tion monitoring with soil contamination by isotopes 137Cs 3.7∙104–
18.5∙104 Bq/m2. The pollution of the territories was caused by the disaster 
at the Chornobyl Nuclear Power Plant in 1986. There were no persons 
with clinical manifestations of immune-neuroendocrine disorders in the 
examined group. In conducting the research, the ethical principles of the 
European Convention and the Declaration of Helsinki were followed, 
written approval of the examined persons for test and the subsequent 
data release was obtained.  

Biomaterial sampling techniques, reagents and research methods 
used have been described in detail in previous publications: evaluation of 
erythrocyte (AB0, Rhesus) and serum (haptoglobin Hp system) genetic 
blood systems (Sokolenko, 2016b), lipid metabolism (Sokolenko & So-
kolenko, 2017b), the immune system and oxidative-antioxidant status 
(Sokolenko et al., 2018), cortisol and thyroid status (Sokolenko & Soko-
lenko, 2019). The diagnosis of vegetative-vascular dystonia (VVD) syn-
drome was set by the doctors of the sanatorium "Edem" at the university.  

The relative risk (RR) is calculated as the ratio of the event pro-
bability in a group with some dysfunction R1 (a/(a + b)) to the event 
probability in a group without a specific dysfunction R0 (c/(c + d)). 
Thus, the formula for calculating relative risk is as follows: RR = R1/R0 = 
(a/(a + b))/(c/(c + d)). In our case: a – the number of persons in a group 
with a certain dysfunction, in which the analyzed index went beyond 
the homeostatic norm; b – the number of persons in a group with a 
certain dysfunction, in which the analyzed index didn’t exceed within 
the limits of the homeostatic norm; c – the number of persons in a group 
without a certain dysfunction, in which the analyzed index went beyond 
the homeostatic norm; d – the number of persons in a group without a 
certain dysfunction, in which there was no output of the analyzed index 
beyond the limits of the homeostatic norm.  

At values of the relative risk higher than 1.0, a factor was conside-
red to increase the dysfunction manifestation. The limits of 95% confi-
dence interval (CI 95%) were evaluated. If the confidence interval did 
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not contain 1.00, we made a conclusion about a statistical significance 
of the relationship between the risk factor (s) and the dysfunction ma-
nifestation with a probability of error P < 0.05.  

The assessment of difference validity in qualitative characteristics 
in the groups was performed using the Pearson criteria χ2. The critical 
value of χ2 for the four-field table (with the degree of freedom 1) – 3.84 
(P < 0.05), 6.63 (P < 0.01), 10.00 (P < 0.001). In the case of having less 
than 10 people in a sample, Yates’s correction was used; for less than 
5 people, Fisher’s exact test was taken into account (Grjibovski, 2008).  

The etiological fraction (attributable risk, AR) was calculated accord-
ing to the formula: AR = (x – y) / (1 – y), where x is the number of people 
with reduced immunoregulatory index in a group with a certain physio-
logical dysfunction; y – the number of people with a reduced immunore-
gulatory index in the group without the physiological dysfunction.  

The attributable risk gave an opportunity to assess objectively the 
causative role of one or more factors in the formation of a certain dysfunc-
tion of the immune system (in our case, the output of the immunoregulato-
ry index below the norm limits) in the analyzed cohort of the examined 
people, if for these factors RR was > 1.00. The indicator AR was consi-
dered to be significant when more than 0.10 (Zaretskaya, 1983).  
 
Results  
 

Among the 100 examined persons, there were 50 with signs of ve-
getative-vascular dystonia syndrome, 48 persons had signs of moderate 
hyperthyroidism and 21 had signs of moderate hypothyroidism. During 
the examination session, as a factor of additional psycho-emotional 
load, 66 people showed the immunoregulatory index CD4+/CD8+ 
below the lower limit of the homeostatic norm, 62 people had the level of 
total cholesterol (TC) and low density lipoprotein cholesterol (LDL-C) 
over the upper limit of the norm.  

We calculated the participation of some definite potential factors of 
allostatic load formation in the reduction (with the withdrawal of the 
lower limit of norm during additional emotional load) of the immuno-
regulatory index CD4+/CD8+. It was found that the state of hyperthy-
roidism causes RR = 1.69 (CI 95% 1.07–2.65; χ2 = 5.12; F = 7.6∙10–3); 
the state of hypothyroidism: RR = 2.16 (CI 95% 1.39–3.34; χ2 = 7.33; 
F = 3.4∙10–4). Vegetative-vascular dystonia syndrome causes RR = 2.0 
(CI 95% 1.44–2.78; χ2 = 19.65; F = 2.4∙10–6); low density lipoprotein 

cholesterol increased over the norm causes: RR = 2.55 (CI 95% 1.57–
4.14; χ2 = 24.07; F = 1.0∙10–6, Table 1). Analysis of the complex effect 
of factors showed that the combination of the signs of hyperthyroidism, 
vegetative-vascular dystonia syndrome and increased level of low den-
sity lipoprotein, gives the relative risk of going beyond the lower limit of 
the norm in immunoregulatory index RR = 3.03 (CI 95% 1.60–5.74; 
χ2 = 11.87; F = 2.0∙10–5). Combining signs of hypothyroidism, vegeta-
tive-vascular dystonia syndrome, and increased low density lipoprotein 
cholesterol, RR = 3.43 (CI 95% 1.84–6.39; χ2 = 13.65; F = 2.3∙10–6).  

The attributable risk in all cases (with respect to the reduced 
CD4+/CD8+) exceeded 0.10. For the state of hyperthyroidism AR = 0.61; 
for the state of hypothyroidism AR = 0.31; with syndrome of vegetative-
vascular dystonia AR = 0.51; with increased over norm low density lipo-
protein cholesterol AR = 0.77; when combined signs of hyperthyroidism, 
vegetative-vascular dystonia syndrome and increased level of low density 
lipoprotein cholesterol AR = 0.70; when combined signs of hypothyroi-
dism, vegetative-vascular dystonia syndrome and increased level of low 
density lipoprotein cholesterol AR = 0.59 (Table 1).  

Assessment of the confidence interval confirmed the importance of 
all the analyzed risk factors (both individual and in combinations) in the 
formation of the effect of reducing the index CD4+/CD8+. Assessment 
of the reliability of differences in qualitative characteristics in groups 
with or without a risk factor was confirmed by a statistically significant 
χ2 and Fisher’s calculated criterion (Table 1).  

We calculated the significance of participation of thyroid status spe-
cifics and lipid profile of the examined people in the formation of vegeta-
tive-vascular dystonia syndrome: the relative risk of its development is 
significant for signs of hyperthyroidism (RR = 2.40; CI 95% 1.19–4.84; 
χ2 = 5.43; F = 3.9∙10–3), hypothyroidism (RR = 3.59; CI 95% 1.56–6.32; 
χ2 = 11.12; F = 4.0∙10–5) and increased low density lipoprotein cholesterol 
(RR = 9.60; CI 95% 3.21–28.70; χ2 = 40.79; F = 7.8∙10–12). The attribu-
table risk in all cases exceeded 0.1 (AR = 0.73 for the state of hyperthy-
roidism; AR = 0.59 for the state of hypothyroidism; AR = 0.94 with low 
density lipoprotein cholesterol elevated) (Table 2).  

Assessment of the confidence interval confirmed the importance of 
all the analyzed risk factors in the formation of vegetative-vascular dys-
tonia syndrome. The assessment of the reliability of differences in qua-
litative characteristics in groups with or without a risk factor was con-
firmed by a statistically significant χ2 and Fisher test (Table 2).  

Тable 1 
Relative risk and attributable risk (etiological fraction) of the participation of some definite factors  
and their combinations in manifestations of allostatic load at the level of CD4+/CD8+ immunoregulatory index  

Risk factor Presence Number of people among examined, n Relative  
risk RR, P 

Confidence  
interval CI 95% 

χ2 

for trend, P 
Fisher’s  

exact test F 
Attributable  

risk AR CD4+/CD+ reduced CD4+/CD+ within the norm 

Hyperthyroidism present 34 (a) 14 (b) 1.69 
P < 0.05 1.07–2.65 5.12 

P < 0.05 7.6∙10–3 0.61 missing 13 (c) 18 (d) 

Hypothyroidism present 19 (a) 2 (b) 2.16 
P < 0.05 1.39–3.34 7.33 

P < 0.01 3.4∙10–4 0.31 missing 13 (c) 18 (d) 
Vegetative-vascular  
dystonia syndrome 

present 44 (a) 6 (b) 2.00 
P < 0.05 1.44–2.78 19.65 

P < 0.001 2.4∙10–6 0.51 missing 22 (c) 28 (d) 

Increased LDL-C present 50 (a) 12 (b) 2.55 
P < 0.05 1.57–4.14 24.07 

P < 0.001 1.0∙10–6 0.77 missing 12 (c) 26 (d) 
Combination of hyperthyroidism, 
VVD syndrome, increased LDL-C 

present 23 (a) 3 (b) 3.03 
P < 0.05 1.60–5.74 11.87 

P < 0.001 2.0∙10–5 0.70 missing 7 (c) 17 (d) 
Combination of hypothyroidism, 
VVD syndrome, increased LDL-C 

present 17 (a) 0 (b) 3.43 
P < 0.05 1.84–6.39 13.65 

P < 0.001 2.3∙10–6 0.59 missing 7 (c) 17 (d) 
 

Тable 2  
Relative risk and attributable risk (etiological fraction) of participation of separate factors  
in manifestations of allostatic load at the level of formation of vegetative-vascular dystonia syndrome  

Risk factor Presence Number of people among examined, n Relative  
risk RR 

Confidence  
interval CI 95% 

χ2 

for trend, P 
Fisher’s  

exact test F 
Attributable  

risk AR with VVD syndrome without VVD syndrome 

Hyperthyroidism present 26 (a) 22 (b) 2.40 
P < 0.05 1.19–4.84 5.43 

P < 0.05 3.9∙10–3 0.73 missing 7 (c) 24 (d) 

Hypothyroidism present 17 (a) 7 (b) 3.59 
P < 0.05 1.56–6.32 11.12 

P < 0.001 4.0∙10–5 0.59 missing 7 (c) 24 (d) 

Increased LDL-C present 47 (a) 15 (b) 9.60 
P < 0.05 3.21–28.70 40.79 

P < 0.001 7.8∙10–12 0,94 missing 3 (c) 35 (d) 
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Discussion  
 

Low-dose ionizing radiation (LDIR) is considered to be an equiva-
lent (absorbed) radiation dose of less than 100 mSv (100 mGy) (Tang 
et al., 2016). Students who came for studying from radiation contami-
nated territories 137Cs 3.7∙104–18.5∙104 Bq/m2 are a special cohort of the 
Ukrainian population. On the one hand, the passport dose calculated for 
them usually did not exceed indicators that are in the low dose range. 
On the other hand, they have been exposed to chronic radiation from 
birth to adulthood, and the question of the long-term consequences of 
such a process remains debatable. Indeed, the characteristics of the ef-
fects of low-dose radiation exposure are ambiguous: from negative (as-
suming linear dependence and no threshold) to the recognition of radia-
tion hormesis and the presence of a radioadaptive response (Calabrese 
& O’Connor, 2014; Baldwin & Grantham, 2015; Sacks et al., 2016).  

The mechanisms of adaptive response and radiation hormesis in 
chronic radiation exposure are being discussed, perhaps they will be 
realized at the level of transcriptional processes and epigenetic changes 
(Bernal et al., 2013; Sokolov & Neumann, 2016). In general, the me-
chanisms associated with adapting to intermediate and low levels of 
radiation are thought to be different from the mechanisms required to 
survive at high doses. The irritation that should cause an adaptive res-
ponse may not reach the threshold level (Roff, 2012). This is confirmed 
by separate studies of the radiosensitivity of cells in vitro. In addition, it 
is advisable to be careful about interpreting the terms "radiosensitive" or 
"adaptive" as they do not give an indication of whether the response to 
the radiation is useful or harmful (Shi et al., 2016).  

The period of 30 years after the Chornobyl accident was sufficient 
to generate adaptive changes in many organisms, in particular, certain 
systematic groups of those vertebrates which do not have a long genera-
tion time (Galván et al., 2014; Møller & Mousseau, 2016).  

It is argued that the effects of chronic radiation exposure may de-
pend on the duration of the factor effect on the level of a particular 
population and possible accompanying factors (Rossnerova et al., 2017). 
Such a cohort is formed by persons who have lived in radionuclide 
contaminated territories for a long time and then were enrolled in higher 
education institutions where they had to adapt to new living and study 
conditions. The implementation of primary adaptation in this group is 
maximally realized in the first year of study, however, in the second to 
fourth years there are periods of intense psycho-emotional load due to 
the examination sessions. It can be predicted that the stressful effect of 
exams depends to a large extent on the capacity of the adaptive potential 
generated during residence in the areas of enhanced radioecological con-
trol. Accordingly, this cohort runs the risk of forming an allostatic load.  

Previously, we showed that the students in the experimental group 
during the intersession period had immune system indicators within the 
homeostatic norm, although, in terms of cells with phenotypes CD3+, 
CD5+, CD4+, CD16+ and index CD4+/CD8+ they were significantly 
lower than control values (Sokolenko & Sokolenko, 2017a; Sokolenko 
et al., 2018). This could be a sign of the allostasis effect – a set of biolo-
gical processes designed for dynamic stabilization under conditions of 
adaptation to environmental requirements, when, unlike homeostasis, 
parameters do not necessarily return to their initial levels, while remaining 
within the reference range values (Cool & Zappetti, 2019). The examined 
students were in the second to fourth years of study, which means they 
had spent a considerable part of their time outside the area of enhanced 
radio-ecological control. Thus, the discovered effect at the level of the 
immune system can be characterized as an allostatic response.  

During the additional emotional load (examination session period) 
a considerable share of the analyzed indicators shifted to their homeos-
tatic limits, many of the examined had an immunoregulatory index 
CD4+/CD8+ beyond the lower limit, which was caused by a significant 
decrease in the level of functionally mature T lymphocyte with CD4+ 
phenotype (Sokolenko & Sokolenko, 2017a; Sokolenko et al., 2018). 
This gave a reason to analyze the CD4+/CD8+ ratio as a manifestation of 
allostatic load at the level of immune system integrative activity and to 
find out the relative risk of participation of related factors in its formation.  

There are four main ways of forming allostatic load. The first one is 
to cause frequent repetitions of one stressor type for short periods of 

time when the body lacks time for adaptation. The second way is caused 
by the suppressed capacities of adaptation mechanisms, with each subse-
quent action of the stressor the reaction becomes less adequate. The third 
way of forming allostatic load is a prolonged stress reaction without reco-
very after the stressor cessation. A fourth way is to develop an inadequate 
response to a stress factor (McEwen, 2007). The revealed specifics of the 
parameters of immune-neuroendocrine status in the examined group can 
be considered as the consequences of the third way (long-term residence 
in the radiation-contaminated territory as a chronic stressor) and the se-
cond way (with certain characteristics: radiation-induced suppression of 
the adaptive potential with the signs of allostatic load under the influence 
of stress of a different nature: psycho-emotional).  

Numerous mediators are involved in the development of adaptive 
processes in chronic stress and, accordingly, various biomarkers of allo-
static load, among which primary (in particular, stress hormones), se-
condary – dysregulated metabolic, cardiovascular and immune parame-
ters; and tertiary – clinical indicators can be distinguished (McEwen, 
1998). In the group of examined students aged 18–24 year old who 
formed the experimental group, there were no clinical manifestations of 
maladaptation, respectively, we were searching for signs of primary and 
secondary markers of allostasis disturbance.  

A recognized primary biomarker of allostatic loading is cortisol 
(Seeman et al., 1997). All examined students from the experimental 
group had an increased cortisol level (at the limit of homeostatic norm), 
then the indicator showed further increase during additional emotional 
load and exceeded 850 nmol/L (Sokolenko & Sokolenko, 2015; Soko-
lenko & Sokolenko, 2016).  

An increase in the level of cortisol is observed in both acute and 
chronic stress exposure, depending not only on the main load, but also 
its interaction with other factors. Chronic stressors affect sensitivity to 
acute stressors (Sonnentag & Fritz, 2006). Chronic cortisol production 
is neurotoxic to the sensitive parts of the brain and can lead to emotional 
and cognitive impairment throughout the life cycle (Lupien et al., 2009). 
Stress hormones, as primary mediators, cause primary stress reactions 
that disappear after the stressor’s cessation. With prolonged stress reac-
tions, they can lead to secondary dysfunction and even tertiary (illness 
or death) (McEwen, 2007).  

There are facts which indicate a certain relationship of cortisol level 
and aging, although, the mechanism for its participation in age-related 
changes in immunity remains questionable (Larbi et al., 2008). It should 
be noted that an important factor in adverse age-related changes is the 
increased level of psycho-emotional stress, in particular in educational 
institutions (Seng, 2009). High school students, regardless of gender, are 
characterized by low levels of stress resistance due to the formation of 
internal, often unconscious psychological conflicts and a state of "latent 
anxiety" (Chystenko, 2013). Probably, the exam session for the students 
in the examined group was a factor in disclosure of hidden maladapta-
tion phenomena caused by the previous prolonged radiation exposure.  

Thus, a significant increase in the level of cortisol when combined 
with chronic (radiation) and short-term (increased emotional load) stress 
can be regarded as the primary marker of allostatic load in the experi-
mental group. Clearly, the observed effect caused some reactions not 
only at the level of the immune system, but also in general for the im-
mune-neuroendocrine complex. The calculation of the relative risk of 
cortisol participation in such reactions is irrelevant because all members 
of the experimental group showed cortisol increase over the upper limit 
of homeostatic norm. It is important to analyze the variational second-
ary changes and their degree of involvement in the formation of the 
immunoregulatory index decrease. In particular, a significant number of 
the examined had signs of metabolic syndrome, thyroid dysfunction and 
vegetative-vascular dystonia syndrome (Sokolenko, 2016a; Sokolenko 
& Sokolenko, 2017b).  

An important biomarker of allostatic loading is lipid metabolism 
(Seeman et al., 1997). During the additional psycho-emotional load cau-
sed by the examination session, out of 100 students from the territories 
of enhanced radio-ecological control, 62 persons reached the upper limit 
of norm in total cholesterol, mainly due to low density lipoprotein cho-
lesterol (Sokolenko, 2016a; Sokolenko & Sokolenko, 2017b). The cal-
culation of relative and attributable risk showed a significant involve-
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ment of low density lipoprotein cholesterol in the formation of allostatic 
load signs at the level of the immunoregulatory index (Table 1).  

Thyroid dysfunctions without clinical manifestations of thyroid pa-
thology were considered as manifestations of secondary maladaptative 
reactions in some of the examined students. In particular, 48 people had 
signs of moderate hyperthyroidism, 21 – signs of moderate hypothyro-
idism. Previous studies have shown that individuals with signs of thyro-
id dysfunction had more pronounced differences of immune system 
parameters compared to control, especially at the level of T-cell immun-
ity (Sokolenko & Sokolenko, 2017a). The calculated relative risks for 
the subgroups of hyperthyroidism and hypothyroidism showed that in 
both cases their statistical significance is evident (P < 0.05), the statistic-
al significance of the differences of qualitative characteristics in the 
groups, although, in the state of hypothyroidism, the relative risk of going 
beyond the lower limit of immunoregulatory rate is 1.28 times higher 
than in the hyperthyroidism group.  

Considering the peculiarities of correlation of stress influence bio-
markers (Wiley et al., 2016), presence of vegetative-vascular dystonia 
syndrome in 50 people from the experimental group was a manifesta-
tion of total allostatic load at the level of neuroendocrine and cardiovas-
cular systems. Previous studies have shown that in the group with signs 
of vegetative-vascular dystonia syndrome, the analyzed immune system 
indicators had the maximum significant differences from the indicators 
of control (in particular, in the relative number of functionally mature 
T lymphocytes with phenotypes CD3+ and CD4+, phagocytic index 
and phagocytic number of monocytes). Under conditions of additional 
psycho-emotional load, there were significant differences between the 
groups with and without the syndrome in terms of the CD4+/CD8+ 
immunoregulatory index (Sokolenko, 2016a).  

The potential participation of vegetative-vascular dystonia syndrome 
in the formation of maladaptation reactions of the immune system was 
confirmed by the calculated relative risk of its participation in the de-
crease of the CD4+/CD8+ index, (the association of factors is confir-
med by the analysis of 95% confidence interval and calculation of χ2 
and attributable risk, Table 1).  

Formation of the syndrome of vegetative-vascular dystonia, in turn, 
was apparently conditioned by both the features of the lipid profile and 
the thyroid status of the examined: the relative risk of development is 
significant with the signs of hyperthyroidism, hypothyroidism and with 
elevated level of low density lipoprotein cholesterol. The attributable 
risk in all cases exceeded 0.10 (Table 2).  

In general, the analyzed factors show that the highest value of the 
relative risk of immunoregulatory index going beyond the lower limit 
was observed when the level of low density lipoprotein cholesterol was 
over the upper limit. The revealed features of the participation of the 
analyzed indicators of lipid profile and thyroid status in allostatic reac-
tions of the immune system are logical, since metabolic processes play 
an important role in adaptation to environmental conditions (Somero 
et al., 2017). Metabolic parameters and specifics of lipid metabolism 
are, at the same time, significant biomarkers of aging (Fontana et al., 
2010; Glei et al., 2011). In addition, the adaptive mechanisms that are 
implemented at the molecular level through metabolic processes form 
certain features of the morphofunctional organization of the organism 
and indicate a close relationship between biochemical parameters and 
parameters of endocrine status. Endocrine indicators are, in turn, highly 
dependent on current environmental factors and can be used to monitor 
human health (Bets, 2005).  

Indeed, we have shown the variability of lipid metabolism in indi-
viduals from the experimental group depending on the thyroid status, 
the formation of thyroid-associated proatherogenic phenomena. More-
over, the involvement of thyroid status in lipid metabolism regulation 
was largely leveled off by additional emotional stress (Sokolenko & 
Sokolenko, 2017b).  

Thus, there were prerequisites for the calculation of RR for a set of 
factors. It turned out that the combination of hyperthyroidism, vegetative-
vascular dystonia syndrome and elevated level of low density lipoprote-
in cholesterol gave a 1.19 increase in the relative risk of the immuno-
regulatory index going beyond the lower limit compared to the indivi-
dual influence of low density lipoprotein cholesterol, a 1.52 increase 

compared to the individual influence of vegetative-vascular dystonia 
syndrome, a 1.79 increase compared to the individual influence of 
hyperthyroidism. The combination of hypothyroidism, vegetative-
vascular dystonia syndrome and elevated level of low density lipoprote-
in cholesterol gave a 1.35 increase in the relative risk of immunoregula-
tory index decrease compared to the individual effect of low density 
lipoprotein cholesterol, 1.72 increase compared to the individual effect 
of vegetative-vascular dystonia syndrome, 1.59 increase compared to 
the individual effect of hypothyroidism.  

Attributable risk in all cases exceeded 0.10. However, in the com-
bination of hyperthyroidism, vegetative-vascular dystonia syndrome and 
elevated level of low density lipoprotein cholesterol, the etiological 
fraction value was less than with separately calculated elevated level of 
low density lipoprotein cholesterol; in the combination of hypothyroi-
dism, vegetative-vascular dystonia syndrome and elevated level of low 
density lipoprotein cholesterol, the attributable risk is less than with the 
separately calculated elevated level of low density lipoprotein cholester-
ol and hyperthyroidism.  

Thus, when several factors are combined, the value of the attribu-
table risk of a given complex is, in certain cases, less than the attribu-
table risk of the individual constituent components. This can be explai-
ned by the fact that the specified combination of several risk factors in a 
population may occur in fewer individuals than the presence of indivi-
dual factors. The highest value of attributable risk was observed for the 
elevated level of low density lipoprotein cholesterol, due to the presence 
of this characteristic in a large number of examined students.  

Reduction in the number of T cells with the CD4+ phenotype, ac-
cumulation of effector T cells with the CD8+ phenotype and, in general, 
inversion of the CD4+/CD8+ ratio are considered to be an important 
feature of the Immune Risk Phenotype (IRP). The Immune Risk Pheno-
type, in turn, is a manifestation of the body’s immune aging (Wikby 
et al., 2006; Larbi et al., 2008; Ventura et al., 2017). Quantitative changes 
of T lymphocyte with CD4+ and CD8+ phenotypes are especially pro-
nounced in peripheral blood flow (Lugli et al., 2007; Pinti et al., 2016).  

Immune aging, or immunosenescence, is a term that characterizes 
age-related decline in immune competence and increases susceptibility 
to disease (Gomez et al., 2005; Pawelec et al., 2005). This phenomenon 
is a complex inevitable process, typical for human life and characterized 
by the accumulation in the body of memory cells and effectors (as a re-
sult of previous antigenic stimulation), immune cells with stress-modi-
fied structures or functions, the development of chronic inflammation 
and modification of the immune response, conditioned by oxidative 
stress (Campisi & di Fagagna, 2007; Ventura et al., 2017).  

Immunosenescence arises from the complex of numerous and mul-
tiple changes in the process of hematopoiesis, the development and 
differentiation of immune cells, their functions. Especially susceptible to 
this process is the adaptive immune system, which is caused by age-
related thymus involution and prolonged antigenic stimulation of ma-
ture peripheral T cells, which often exceeds the adaptive potential. This 
leads to congestion of innate immunity, the accumulation of molecular 
and cellular defects at different levels of the immune response and the 
development of the effect of aging. Chronic antigenic loading at a young 
age is especially pressing, and physiological processes of aging of the  
T-cell immune system become a significant factor of long term survival 
(Larbi et al., 2008; Pinti et al., 2016). Possibly, a similar mechanism was 
applied to the relative immunosuppression detected in persons from the 
experimental group, the role of "antigenic load" for them was played by 
the prolonged effect of small doses of radiation.  

In general, the immune response strategy is characterized by well-
defined age-related features (Klimova et al., 2018). Characteristics of al-
lostatic load markers and prerequisites for the development of immuno-
senescence in certain cohorts of the population are important not only in 
medical practice but also for a deeper understanding of the concept of 
biological age. Age is a multifactorial indicator of ontogenesis. There 
are four types of age: chronological, biological, psychological and social 
(Plakuev et al., 2011). Assessment of the biological age of a person is 
aimed mainly at quantitative assessment of the organism based on the 
analysis of the stages of its aging. That is, such assessment involves 
biological (gerontological) characterization rather than nosological diag-
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nosis, taking into account the classification of diseases or concepts of 
their development (Voitenko, 1987; Voitenko et al., 1989). However, 
prenosological diagnostics is important in disease prevention and detec-
tion of high-risk groups at a certain stage of ontogenesis. The specifics 
of many aging processes are their mismatch between the chronological 
and biological age of a person, which must be taken into account when 
assessing the degree of viability and biological capacity of the human 
body (Krikshtopaitis, 1993).  

The development of age characteristics is controlled at the genetic 
level and depends on the abiotic, biotic and social factors of the envi-
ronment (Hofer & Piccinin, 2010). Failure to adapt effectively to new or 
extreme social and environmental conditions leads to chronic stress and, 
as a consequence, pathological aging (Makovsky, 2006).  

Thus, the exceeding of the normal limits of the CD4+/CD8+ ratio 
in conditions of additional stress observed in the experimental group can 
be considered as an important prognostic marker of not only allostatic 
load, but also of premature age-related destructive processes.  

Previous studies of the relations between immune risk phenotype 
formation and various psychosocial factors have revealed associations 
only at the level of persistent cytomegalovirus infection in very old indi-
viduals (Wikby et al., 2005). In our case there was an imposition of 
emotional load on the adaptation-maladaptation processes caused by the 
previous chronic radiation stress.  

In addition to the immunoregulatory index and its components, there 
are other indicators of the immune risk phenotype that characterize the 
process of immunosenescence. Innate immunity has been considered 
resistant to aging processes for a long time, and now both structural and 
functional age-related changes have been identified for its components 
(Pinti et al., 2016). The number of neutrophils in seniors remains stable, 
however, both receptor and metabolic capacities (at the level of oxidative 
processes) deteriorate, chemotactic and phagocytic activity decreases, de-
pending on certain additional factors (Alonso-Fernández et al., 2008; Bru-
baker et al., 2013; Wiley et al., 2016). The number of monocytes in peri-
pheral blood does not change significantly with age, age-related changes 
are mainly related to macrophage activity, however, there is evidence of 
phagocytosis inhibition in monocytes and the production of reactive oxy-
gen (Plowden et al., 2004; Hearps et al., 2012; Metcalf et al., 2015). 
In general, when exposed to extreme exogenous factors, phagocytic acti-
vity is indicated among the sensitive factors of innate immunity (Skivka 
et al., 2015a; Boieva et al., 2018). The age-related changes in the number 
and function of NK cells, which are considered to be short-lived effector 
cells, are quite controversial. There are publications on the decrease, in-
crease or stable number of lymphocytes with the CD16+ phenotype in 
seniors (Le Garff-Tavernier et al., 2010; Gayoso et al., 2011).  

In our studies, the people from the experimental group showed a 
significantly increased relative and absolute number of stab neutrophils 
and segmented neutrophils compared to the control, although their pha-
gocytic activity (as well as phagocytic activity of monocyte) was lower 
than the control values. A significantly lower level of killer cells with 
the CD16+ phenotype was observed. During the examination session, 
relative immunosuppression at the level of phagocytic activity of mono-
cytes and neutrophils, as well as the number of NK cells increased. 
However, the indicators did not go beyond the homeostatic norm (So-
kolenko & Sokolenko, 2017a; Sokolenko et al., 2018), so they were not 
attributed to significant markers of allostatic load when combined with 
radiation-induced and emotional stress.  

According to the literature, at the level of humoral specific immuni-
ty in seniors there is a decrease in the level of IgM, which is a sign of 
young B cells’ transformation into memory cells (Weksler & Szabo, 
2000). In parallel, an increase in IgG and IgA levels were observed (Pa-
ganelli et al., 1992). In our studies, increased level of serum IgG com-
pared to controls was considered to be a compensatory effect of redu-
cing T cell immunity rather than a sign of immune aging. The indicator 
did not go beyond the norm, and it significantly decreased with addi-
tional psycho-emotional load (Sokolenko et al., 2018).  

An important factor in the immune system aging is the accumula-
tion of reactive oxygen species (ROS) in the body and the development 
of free radical processes. This, in turn, leads to the damage of important 
cellular components (in particular, biological membranes, structural and 

enzymatic proteins, etc.), impaired apoptosis (Ginaldi et al., 2004; Lio-
chev, 2013). Activation of oxidative phenomena that accompanies the 
processes of accelerated aging in artificially stimulated hyperthyroidism 
(Bozhkov & Nikitchenko, 2014), the accumulation of free radicals with 
age (in particular, formed during lipid metabolism) is a consequence of 
the destructive influence of the extreme environment factors (Haigis & 
Yankner, 2010). The free radical theory that describes macromolecular 
damage in enhancing the reactive oxygen species generation was domi-
nant for a long time in explaining the causes of aging, but numerous 
contradictory studies indicate the complexity of the mechanisms of pro-
cess realization (Lapointe & Hekimi, 2010). At the same time, an in-
crease of oxidation processes is a typical consequence of radiation (Ah-
mad et al., 2016).  

Activation of stress-protective mechanisms (in particular, removal 
of free radicals, increasing of endogenous antioxidants), reparative pro-
cesses, elimination of damaged cells by immune factors are the main 
mechanisms of adaptive response realization and a phenomenon of ra-
diation hormesis to low-dose irradiation. However, it is still unknown 
how the greater part of the effects observed in vitro conditions work 
in vivo. Accordingly, obtaining and analyzing more data regarding the 
oxidative effects of low-dose irradiation remains relevant (Mattsson & 
Nilsson, 2015; Nenoi et al., 2015; Vaiserman et al., 2019).  

We have shown that the examined students from the experimental 
group experienced an intensification of oxidation processes (in particu-
lar, at the level of the oxidative stress index), especially pronounced 
under conditions of additional emotional load. The redox homeostasis 
imbalance has been associated with the signs of thyroid dysfunction (es-
pecially with a state of hypothyroidism) and proatherogenic changes in 
the lipid profile (Sokolenko & Sokolenko, 2019) and it is reflected in 
immune system indicators (Sokolenko et al., 2018). However, neither 
the level of malondialdehyde nor the level of analyzed antioxidant fac-
tors went beyond the homeostatic norm, so they were not indicated as 
significant bioindicators of the allostatic load of the examined students, 
the calculation of the relative risk of maladaptive processes was not 
performed for them.  

Genetic factors are important modulators of human adaptive capa-
city and sensitivity to chronic stress (Belsky et al., 2009; Meaney, 2010; 
Belsky & Pluess, 2013). At the same time, they control the complex 
development of the immune system and its individual components, the 
balance of mediators of integrative activity, in particular, at the level of 
inflammatory factors. Accordingly, genetic determinants define, to a 
considerable extent, age-related changes in the immune response (Fran-
ceschi et al., 2007; Hsu et al., 2007).  

In our studies, there were some associative relationships between 
the immune system and the phenotype of erythrocyte (AB0, Rhesus) 
and serum (haptoglobin Hp system) genetic systems, although they 
were revealed only under conditions of psycho-emotional loading and 
did not play a significant role in determining overrunning of the limits 
of homeostatic norm (Sokolenko, 2016b).  

When characterizing stressful conditions, it is important to consider 
the gender of the examined and the individual gender characteristics 
acquired over the course of life. In addition, the duration, frequency of 
stress effects and their particularities are assessed, in particular whether 
the object had encountered such a stressor before (Juster & Lupien, 2012; 
Lupien et al., 2015). Neither prolonged radiation exposure nor examina-
tion session can be considered as "new" stressors for the examined. Ho-
wever, students from radiation-contaminated territories did not show  
gender variability of the analyzed indicators either in the absence or 
presence of additional psycho-emotional load (Sokolenko & Soko-
lenko, 2017c). According to the findings, males are more sensitive to 
stress than females in the follicular stage of the menstrual cycle. Howe-
ver, most researches show that gender variability of AL formation is 
manifested only in seniors. The subtle physiological features of adaptive 
reactions are almost not manifested in young persons of both sexes 
(Juster & Lupien, 2012), which is consistent with our results.  

Analyzing the reasons for premature aging of the immune system 
in the experimental group, one should not forget that the group was for-
med by young people aged 18–24. When determining the biomarkers 
of allostatic loading, it is recommended to consider the age factor (Kar-
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lamangla et al., 2006; Juster et al., 2010; Cool & Zappetti, 2019). This is 
logical because the specifics of age-related induction of genes of stress 
response are observed at different levels of vertebrate organization 
(Yankner et al., 2008). Teenagers and people of advanced age are espe-
cially vulnerable to stress. Hormonal rearrangements of teenagers 
against the background of stressful effects lead to the formation of so-
called “potentiation/incubation effects”, which may appear in later life 
(“manifestation effects”) (Lupien et al., 2009).  

It should be taken into consideration that individuals in the study 
group were exposed to small doses of radiation not only during their 
teens, but also from prenatal development or the first years of life. Pre-
natal and early postnatal factors play an important role in subsequent 
adaptive processes (Pluess & Belsky, 2011). In general, two reactions 
are distinguished in the formation of adaptation: the reaction of regula-
tion (occurs in response to a short-acting factor) and development (oc-
curring during human growth and development to prevailing environ-
mental conditions; they are usually irreversible) (Moran, 2018). Revea-
led signs of allostasis in the experimental group can be regarded as a 
display of the developmental response and the effect of allostatic load 
during the examination session – as its negative consequence due to the 
slow and weak regulation response.  

Thus, living in radiation-contaminated territories in the pubertal pe-
riod could significantly affect the specifics of the adaptive response 
formation and allostatic load formation.  

In epidemiological studies related to the radiation exposure of the 
population, certain results are considered to be consequences of conco-
mitant factors and certain biased views (Shibamoto & Nakamura, 2018). 
Some authors suggest that the risk of harm to the body from chronic 
small-dose irradiation (from 0.001 to 0.30 Gy) caused by the contami-
nation of the territory due to the Chornobyl accident is hyperbolized, 
and further, that the fear of possible consequences, creates more health 
problems, than the radiation itself. The confirmatory argument is the 
information on the stimulating effects of small doses, radiation-induced 
stimulation of adaptive and reparative processes, which reduces the risk 
of cancer. Thus, the idea of radiation hormesis is supported (Cuttler, 
2007). However, the author does not take into account that the stimulat-
ing effect of low doses was observed mainly in vitro. For significant 
irradiated population cohorts, signs of radiation hormesis remain ques-
tionable (Richardson, 2009), as confirmed by our findings.  

It should be noted that the signs of allostasis and allostatic load found 
in the study group are, at the same time, biomarkers of premature aging. 
There is no doubt that individuals of the same age can show different 
speeds of aging (Xia et al., 2017). However, the formation of such traits in 
a significant cohort of young people is a matter of concern. Allostatic loa-
ding demonstrates not only an inadequate response to stress, but also 
impaired post-stress recovery processes (Cool & Zappetti, 2019). Under 
such conditions, the combination of various important biological mechan-
isms of aging further increases susceptibility to certain chronic diseases 
and the inhibition of individual functions. The problem of finding reme-
dies for the "driving factors" of premature age-related changes in risk gro-
ups continues to be the absence in clinical practice of approved or recogni-
zed biomarkers of aging, their search and further analysis remains a pres-
sing issue (Justice et al., 2018). In this sense, analysis of the CD4+/CD8+ 
dynamics, as a simultaneous marker of allostatic load and premature aging 
of the immune system has an important prognostic value. Traditionally, in 
the characterization of immune aging, considerable attention is given to 
SASP (senescence-associated secretory phenotype), among them an im-
portant role is played by soluble factors of the immune system, in particu-
lar, inflammatory factors (Wajapeyee et al., 2008; Leonardi et al., 2018; 
McHugh & Gil, 2018). Their accumulation is a consequence of an imba-
lance between inflammatory and anti-inflammatory mechanisms, leading 
to activation of inflammatory processes (Franceschi et al., 2007; Cevenini 
et al., 2013; Minciullo et al., 2016).  

Immunosenescence can be asymptomatic for a long time (Larbi 
et al., 2008). Thereafter, an analysis of the factors that contribute to the 
suppression of the immunoregulatory index makes it possible to identify 
disguised maladaptation processes and premature age changes in young 
people subject to prolonged exogenous influences. Thus, the data ob-
tained demonstrate some manifestations of maladaptation of the im-

mune–neuroendocrine complex in individuals aged 18–24 years who 
have sustained prolonged exposure to small doses of ionizing radiation. 
These manifestations, with additional exogenous effects of stressful 
nature, can lead to the formation of signs of allostatic loading, a poten-
tial pattern of its development is shown in Figure.  

The understanding of the molecular mechanisms of occurrence of 
LDIR- and LDRIR-induced pathologies will be facilitated by the as-
sessment of bio-negative effects using radiosensitive animal populati-
ons. However, long-term studies which take into account numerous fac-
tors, remain important for predicting the long-term effects of chronic 
radiation exposure (Møller & Mousseau, 2016; Tang et al., 2016).  
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Fig. Scheme of allostatic load development (at the level of the 
CD4+/CD8+ immunoregulatory index) in persons aged 18–24 years, 

who underwent  prolonged exposure to small doses of radiation  

 
Conclusions  
 

In individuals aged 18–24 years who lived in the territories of en-
hanced radio-ecological control from birth to adulthood, signs of allo-
stasis of individual parameters of the immune-neuroendocrine complex 
were formed. In conditions of additional emotional stress it leads to the 
immunoregulatory index going beyond the limits of homeostatic norm, 
which can be considered an important secondary biomarker of allostatic 
load and premature age-related changes in the immune system. Indirect 
biomarkers of allostatic load are involved in the formation of this condi-
tion: the signs of vegetative-vascular dystonia syndrome, hyperthyroid-
ism, hypothyroidism, hypercholesterolemia (due to the low density lipo-
protein cholesterol fraction). This is confirmed by the calculated relative 
and attributable risks of the participation of these factors in the reduction 
of the CD4+/CD8+ index. With the complex effects of mediated bio-
markers, the relative risk of allostatic loading (at the level of suppression 
of the immunoregulatory index) increases.  
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