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Abstract: Objective. To study the effect of biopsychological age indicators on the likelihood and
severity of COVID-19 disease in adults in 2020. We have examined 447 people aged 35-70 years
using methods for assessing biological and psychological age in terms of health indicators and sub-
jective psychological age. Results. The number of cases at the end of 2020 in the group of working
adults was 31%, in the risk group - 0%; representatives of the risk group complied with the quaran-
tine requirements 1.75 times stricter. Indicators of biopsychological age affected the development of
the disease in working adults. The relative biological age of an individual had a direct impact on
the risk of infection (p <0.05), and on the probability of the patient’s death (p <0.001). The relative
psychological age had an inverse effect on the risk of infection at the tendency level (p = 0.06) and
the death risk of those infected, p <0.001). Calendar age increases the risk of infection and the risk
of death at the trend level. Conclusions. Indicators of relative biological and psychological aging of
an individual affect the frequency and severity of the disease, while the combination of high indi-
cators of biological age and underestimated psychological age dangerously increases the likelihood
of developing severe forms of the disease.
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1. Introduction.

The main risk factor for severe forms of coronavirus infection is age. There are differ-
ent approaches to determine the individual age. Calendar age is the number of years lived.
Biological age can be determined by telomerase activity, telomere length and the degree
of DNA and histone modifications (epigenetic clock), or by the appearance of aging bi-
omarkers [1], [2]. Subjective age [3], psychological age [4] are the measures of subjective
assessment of person’s life path.

Most authors associate the occurrence of severe forms of COVID-19 disease with cal-
endar age. According to data from China, older people, especially people with serious
underlying medical conditions, have a higher risk of serious illness and death associated
with COVID-19 than younger people [5]. Cases of COVID-19 between February 12 and
March 16, 2020 and the severity of the disease (hospitalisation, admission to the intensive
care unit (ICU) and death) by age group were analysed in the United States. Overall, 31%
of cases, 45% of hospitalisations, 53% of ICU admissions and 80% of COVID-19-related
deaths were registered in adults aged 65 and over. The highest percentage of severe out-
comes was noted among people aged 85 years and older [6]. A possible reason for this is
the weakening of immunity in older age groups [7].

However, some authors suggest that the severity of the disease is rather more
strongly associated with the biological age measured by the glycan or epigenetic clock [8].



American researchers studied biological age indicators of 347,751 participants from a
large community cohort in the United Kingdom (UK Biobank), collected between 2006
and 2010, they also studied disease diagnoses (up to 2017), mortality data (up to 2020) and
UK national COVID-19 test results (till May 31, 2020). They showed that accelerated aging
10-14 years prior to the COVID-19 pandemic onset was associated with a positive test (OR
= 1.15 for 5-year acceleration, 95% C: 1.08-1.21, p = 3,2x10-6) and all-cause mortality with
a confirmed COVID-19 test (OR = 1.25, 5-year acceleration, 95% Di: 1.09-1.44, p = 0.002)
after adjusting for demographic data, including current chronological age, and pre-exist-
ing diseases or conditions [9]. However, when DNA methylation methods are used to
assess biological age, the effect is less frequent. For example, using four different age pre-
dictors, the authors did not observe accelerated aging in the global DNA methylation pro-
files of blood samples from nine COVID-19 patients with severe symptoms. Predictions
correlated well with chronological age, while COVID-19 patients even tended to be pre-
dicted younger than expected [10].

Research is also underway on the correlation between the severity of COVID-19 and
selected biomarkers of aging, including those of the senility index. For example, concom-
itant cardiovascular diseases in patients with COVID-19 are associated with high mortal-
ity risk [11]. COVID-19 can induce the appearance of biomarkers of aging and impair car-
diovascular diseases, including myocardial damage, arrhythmias, acute coronary syn-
drome, and venous thromboembolism [12].

We found no specific studies linking the risk of severe COVID-19 with psychological
age. However, the impact of the consequences of the COVID-19 pandemic on the subjec-
tive perception of time has been noted [13].

The purpose of this investigation is to study the effect of biopsychological age indi-
cators on the risk of COVID-19 disease and on the probability of death in the Russian
Federation during the 2020 epidemic.

2. Methods.

1. Biological age (BA) determination according to V. P. Voitenko [2] (also detailed in
[4] and [14]). Calculation is based on the indicators of the cardiovascular system (blood
pressure), the state of the respiratory system (breath holding on inhale), the musculoskel-
etal system and the equilibrium system (static balancing with closed eyes), metabolism
(body weight) and psychological indicators (subjective assessment of health).

2. Expected biological age (EBA) for different age groups. This indicator is consid-
ered the statistical norm of biological age within a specific age group. It is being used to
assess the relative aging index.

3. The relative biological ageing (RBA) index: the difference between biological age
and expected biological age (BA-EBA), allows to assess how much an individual is older
than their statistical age norm in terms of their health status. Negative values indicate
individual youthfulness, while positive values show individual ageing in comparison
with statistical norm. This is the main indicator used to assess the dynamics of relative
aging.

4. Subjective psychological age (PA), according to K.A. Abulkhanova and T.N. Be-
rezina [4]. The test subjects were asked to evaluate their age at the 100-point scale (from 0
to 100), where 0 points are the age of a newborn baby, and 100 points - a person who has
already achieved everything and will not be able to achieve more. The method is de-
scribed in detail here [4].

5. The relative psychological ageing (RPA) index: psychological age minus calendar
age (PA-CA). Negative values indicate the person’s perception to be younger than their
calendar age. Positive values indicate that the person considers themselves more mature,
wise, and successful than other people at that age.

6. COVID-19 severity scale. 0 points - the disease is absent. 1 point - a mild form of
the disease, the presence of certain symptoms (positive PCR smear). 2 points - the average
severity of the disease (hospitalisation). 3 points - severe degree of the disease (staying in



the ICU and/or mechanical ventilation). 4 points - lethal outcome (cause of death - COVID-
19).

7. Quarantine compliance scale. 0 points - did not comply at all. 1 point - minimum
compliance (“just leave me alone”). 2 points - met the basic requirements when outside. 3
points - met all the requirements when outside, 4 points - complete self-isolation, did not
leave home, limited contacts.

3. Statistical analysis. One-way analysis of variance (ANOVA), Regression analysis
(linear regression).

Sample. Total 447 people aged 35-70 years (306 women) included in the database of
the longitudinal study of the retirement reform in Russia. Among them: 1) working adults
- 239 people (155 women, average age = 47.7; and 84 men, average age = 51.9), examined
at the place of work or study; 2) retiree with chronic diseases (risk group) - 208 people
(151 women, average age = 64.7; and 57 men, average age = 66.8). The survey was carried
out in the outpatient hospital (polyclinic). Testing was carried out in mid-2020 (the indi-
cators of biopsychological age were measured) and at the end of 2020 (the number of
cases, the severity of the disease and its outcome were assessed).

4. Results and discussion.

At the first stage, we studied the disease dynamics in the working group and the risk
group (Table 1).

Table 1. The number of cases, the disease severity and compliance with quarantine rules in the
middle and at the end of 2020.

Middle of 2020 0 End of 2020 Quaran-
Illness severity (% of group) ‘in:aslz)n " Illness severity (% of group) tine
o 1 2 3 4 0 1 2 3 4  scores
Working
96 0 04 O 0 23 69 125 125 4 2 2.0
group
Risk group 100 0 0 0 0 3.8 100 0 0 0 0 3.5

The peak of disease in Russia fell on the 2nd half of 2020 (Table 1). In the first half of
the year, there were only 0.4% of cases in the working group, reaching 31% by the end of
2020. Interestingly, over the entire observation period, there were no cases in the risk
group. We assume that the representatives of the risk group more strictly observed quar-
antine measures (3.4-4.0 points). Respondents from the risk group, who tended to stay at
home, practically without leaving their place of residence, had limited communication,
and contacted health workers by phone or were seen by doctor at home. Adult workers
led more active lifestyles, went to work, and provided livelihoods for families, including
at-risk retirement parents.

Figure 1A shows the dynamics of relative biological aging (RBA) indicators. It turned
out that, the rise of the RBA index increases the risk of severe forms of COVID-19, both in
men (F =1.7104, p = 0.17150) and in women (F = 1.980, p = 0.002). The increase of the
relative psychological aging (RPA) index, on the contrary, reduces the risk of severe forms
of COVID-19, both in men (F =2.222, p = 0.007) and in women (F = 1.837, p = 0.004).
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Figure 1. Dynamics of the relative biological aging (RBA) index (A) and relative psychological aging (RPA) - (B), depend-
ing on the severity of the disease in men and women in Russia (working group). COVID19 severity scores: none (0); mild

(1); medium (2); severe (3); lethal outcome (4). For a detailed explanation see methods number 6.

Assessing the influence of various age indicators on the onset of the disease and on
the risk of patients’ death (in the group of working adults), we found that the calendar
age in the range of 35 - 70 years affects the onset of the disease and the possibility of death
only at the trend level (p = 0.1) (Table 1). The absolute biological and psychological age
did not affect the rate of the disease, however, with an increase of biological age, the like-
lihood of death increases. It is the relative indicators (RBA, RPA), showing how much the
person is older or younger than their age standard, that had a particularly strong influ-
ence. The older the person is (biological age relative to the peer standard, RBA), the higher
the likelihood of the disease onset (p = 0.05) and the probability of patient’s death (p
<0.001). And vice versa, the younger the person considers themself to be psychologically
in relation to their calendar age (RPA indicator), the higher the likelihood of the disease
onset (at the level of the trend p = 0.059) and the probability of patients” death (p =0.00001).

Table 2. Influence of age indicators on the risk of infection and the probability of death.

Influence on the risk of infection

Influence on the probability of death

Average Average Average Average
for for the for the
healthy  sick F sick jforthe F P
y deceased
49.7 .
Calendar age 48.7 497 12901 0.12096 ? 00 414 013389
Biological age 438 98 11187 02036 P70 640 50392 0.00045
RBA index -3.18 243 50 o0as7a 90 1675 79607, h0000
49. 43, 44.2 27.
Psychological age 96 33 10981 033131 > 029957 099495
RPA index 0.99 647 13504 005954 000 2250 46475 0.00001

5. Conclusions.

1. Compliance with quarantine measures is an effective way to prevent COVID-19
spread. Not a single case of COVID-19 infection was detected in the risk group in
Russia (retirees with severe chronic diseases) whose representatives observed strict
self-isolation measures. In the group of working adults, the disease was registered in
31% of the surveyed (2% of deaths) in 2020.



2. The probability of contracting COVID-19 in working adults in Russia aged 35-70
years was most influenced by the individual relative biological age: the higher the
RBA index, the higher the risk of infection (p = 0.05), and the probability of death (p
<0.001). The relative psychological age had an inverse effect on the risk of infection:
the higher the RPA index, the lower the risk of infection (p = 0.06) and the risk of
death (p <0.001). Calendar age also increased the risk of infection and the risk of death
at a trend level below the validity level.

3. The most dangerous is the combination of an increase of the RBA index and an un-
derestimation of the RPA index. In this case, the risk of severe forms of the disease
increases, up to a lethal outcome.

6. Recommendations.

A predictive model based on regression analysis has been developed to predict the
risk of severe forms of COVID-19 in terms of relative biological and psychological ages.

Risk = 0.32 + 0.01 * RBA index — 0.003 * RPA index M

All addends are significant (p <0.01). The model describes empirical data with valid-
ity F (2.236) = 13.137, p < 0.001, R = 0.316. The risk index values correspond to those de-
scribed in the method for the disease severity estimation (see methods number 6).

The model can predict the risks of severe COVID-19. It can be implemented both for
further clinical trials on an expanded sample and as a mobile application for individual
use. The necessary techniques for assessing the indicators of biological and psychological
age are described in our early works [4], [15].
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