ACTA BIOMEDICA SCIENTIFICA, 2024, Vol. 9, N 3

NEUROLOGY AND NEUROSURGERY

AGE-RELATED PARAMETERS OF P300 AUDITORY EVOKED POTENTIALS
IN ELDERLY PERSONS IN THE CONTEXT OF COGNITIVE HEALTH:
A STUDY IN THE EUROPEAN NORTH OF RUSSIA

Poskotinova L.V."?,

Krivonogova E.V.'?,
Krivonogova 0.V.'?,
Kudryavtsev A.V.?

' N. Laverov Federal Center

for Integrated Arctic Research,

Ural Branch of the Russian Academy

of Sciences (Nikolsky Ave. 20, Arkhangelsk
163020, Russian Federation)

2 Northern State Medical University
(Troitsky Ave. 51, Arkhangelsk 163000,
Russian Federation)

Corresponding author:
Liliya V. Poskotinova,
e-mail: liliya200572@mail.ru

Received: 03.12.2023
Accepted: 03.06.2024
Published: 15.07.2024

ABSTRACT

Background. Setting of norms for the parameters of P300 cognitive auditory
evoked potentials (EP) in elderly people with intact cognitive functions considering
their residence in certain climatic and geographical regions is an urgent problem.
The aim of the study. To determine age-related parameters of P300 cognitive
auditory evoked potentials in elderly people aged 60-69 and 70-74 years, living
in the European North of Russia (using the example of Arkhangelsk).

Methods. The parameters of P300 auditory EP were determined in randomly se-
lected urban residents in the age groups of 60-69 years (n = 284) and 70-74 years
(n = 115) with normal scores on the Montreal Cognitive Assessment Scale (MoCA),
without depression (according to Beck Depression Inventory), with preserved abil-
ity to work and/or social functions. We calculated the 5th-95th percentile values
(P5-P95) of the P300 EP parameters and assessed the relationships of these parame-
ters with socio-demographic characteristics, lifestyle and the results on the MoCA
scale and Beck Depression Inventory.

Results. Statistically significant differences in latency indicators of P300 EP were
determined between groups of 60-69 and 70-74 years (P25-P90) in all studied
brain regions (frontal, central). In the group of 60-69 years, the range of P25-P75
values of P300 EP |latencies was 342.5-401 ms, in the group of 70-74 years — 358.5-
443 ms. Age differences in P300 EP amplitudes were minimal with an interquartile
range of 4-13 uV in the total sample. Participants who smoked had higher latency
scores and lower amplitude scores; former smokers had higher latency scores com-
pared to never-smokers.

Conclusion. Latency above 400 ms at the age of 60-65 years and above 443 ms
at 70-74 years can be considered as a criterion for reduced cognitive reserve
and an increased risk of developing cognitive disorders in elderly people living
in the European North of Russia.

Key words: cognitive function, cognitive evoked potentials, North, healthy aging,
cognitive health
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PE3IOME

O6ocHosaHue. HopmuposaHue napamempos KO2ZHUMUBHbIX C/TyXO8bIX 8bI38AHHbIX
nomeHyuasnos (BI1) P300 y noxuneix 1100el € COXPAHHbIMU KOZHUMUBHbIMU (hyHKUU-
AMU C y4EMOM NPOXUBAHUA 8 0NPeOesIEHHbIX KIUMAamozeo2papuyeckux ycao8usax
Asnaemca akmyaneHol npobaemod.

Lenv uccnedosaHus. OnpedesneHue 803pdCmHbIX 0CObeHHOCcmel nhapamempos
KO2HUMUBHBbIX CJ1yX08bIX 8bI38aHHbIX NomeHyuanos P300 y noxunvix aodeli 60-69
u 70-74 nem, xumenet Esponetickozo Cesepa Poccuu (Ha npumepe 2. ApxaHzenbeka).
Memooesl1. OnpedeneHbi napamempel ciyxosbix BITP300 y cny4atiHo omobpaHHbIx
20pO0CKUX Xumesiel 8 803pacmHsix 2pynnax 60-69 nem (n = 284) u 70-74 nem (n =
115) c HopmaneHeiMu nokazamesnamu no MoHpeanbckoU wKase oyeHKU Ko2HUMu8-
Hoeix yHKYul (MoCA, Montreal Cognitive Assessment), omcymcmesuem denpeccuu
(no wkane denpeccuu beka), coxpaHHoU mpydocnocobHOCMbl0 U/Uu COYyUabHbI-
Mu yHKYuamu. Paccuumadsl 5-95-e npoyeHmusbHsle 3HadeHus (P5-P95) napame-
mpog BI1 P300 u oyeHeHbl C843U 3MuxX napamempos ¢ coyuanbHo-0emozpaguye-
CKUMU XapakmepucmuKamu, 06pd3om Xu3HU U pesysibmamamu no wkane MoCA
u wkane oenpeccuu beka.

Pe3ynomamel. OnpedesieHbl cmamucmuyecku 3Ha4umsle pasnuyus nokasamerneli
namermuocmu Bl P300 mexody epynnamu 60-69 u 70-74 nem (P25-P90) 8o ecex u3y-
yaemblx M03208blX omoenax (1o6HelX, UeHMpaabHelx). B 2pynne 60-69 nem duana-
30H 3HayeHul P25-P75 namenmuocmeti BIT P300 cocmasun 342,5-401 mc, 8 epynne
70-74 nem — 358,5-443 mc. BospacmHsie pasauqus amnaumyo Bl P300 6bi1u MUHU-
MAJsIbHbIMU NPU MeXXK8apmuieHoM ouana3zoHe 4—13 MkB 8 obweli abibopke. Kypauwue
y4acmHUKu umesiu bosiee 8bICOKUe nokasamesu idmeHmMHocmu u 6osiee HuUskue
nokasamesnu amnaumyosl, Kypusuiue 8 npowsioM — 6osiee 8bICOKUE NOKAazamesnu /1d-
MmeHMHOCMU 8 CPABHEHUU C HUK020a He Kypusuwumu.

3aknioyenue. JlameHmHocme 8biwe 400 mc 8 8o3pacme 60-65 nem u 8viwe 443 mc
8 70-74 200a Moxem paccmMampusamsca 8 Kayecmeae Kpumepus CHUXeHHO20 Ko2-
HUMUBHO20 pe3epsd U NOBbILEHHO20 PUCKA pAa38UMuUs KO2HUMUBHbIX HApyWweHUU
y noxusieix itodel, npoxxusaroujux Ha Esponetickom Cegepe Poccuu.

Knrouyeevie cnoea: kocHUMUBHbIE (hYHKYUU, KOZHUMUBHbIE 8bI38AHHbIE NOMeH-
yuanei, Cegep, 300posoe cmapeHue, Ko2HUMUBHOe 300p08be

OAna untuposaHua: MNockotnHosa J1.B., KpneoHorosa E.B., KpueoHorosa O.B., Kyapss-
ues A.B. Bo3pacTHble 0COGEHHOCTV NapameTpOB CJIyXOBbIX BbI3BaHHbIX MOTEHLMANoB
P300 y noxunbix nofeit B KOHTEKCTe KOTHUTMBHOIO 3A0POBbA: UCCNeAoBaHMe Ha EBpo-
nenickom CeBepe Poccun. Acta biomedica scientifica. 2024; 9(3): 130-143. doi: 10.29413/
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BACKGROUND

Maintaining higher mental functions at an optimal
level in old age ensures the active participation of el-
derly people in public life. Successful cognitive activi-
ty in elderly people is also necessary for the effective
transfer of accumulated work experience to the young-
er generation, which also ensures the stability of soci-
ety. However, the individual viability of elderly people
decreases, primarily due to a decrease in the indicators
of the cognitive domain [1]. Modern psychodiagnostic
approaches make it possible to assess the risks of cog-
nitive impairment in elderly people, but neurophysio-
logical tests are not always sensitive to the detection
of early, pre-dementia disorders.

Parameters of event-related bioelectric potentials
of the brain (evoked potentials (EP)) are promising elec-
troneurophysiological correlates of cognitive functions
both in norm and in pathology [2, 3]. At the same time,
the problem of identifying the limits of fluctuations
in the values of cognitive evoked potentials in elder-
ly individuals in the context of healthy aging remains
relevant. The natural age-related change in the EP
P300 parameters occurs both against the background
of a decrease in cognitive functions reflected in the data
of neuropsychological testing, and against the back-
ground of preserved cognitive and social functions. This
complicates the interpretation of the EP P300 param-
eters in elderly individuals in the context of the need
to differentiate the characteristics of the age norm
and electrophysiological correlates of the risk of devel-
oping cognitive impairment [4]. Lifestyle, his activity
in society significantly determines the neurophysiologi-
cal status of an elderly person.

Age-related decreasein the speed of information pro-
cessing in the form of increased latency and decreased
amplitude of the P300 EP is traditionally considered
in 10-year periods [2]. The age of 70 as an important age
limit is often used to predict various aspects of the lives
of elderly people. For example, the age of 70 is used
to calculate survival predictors (socioeconomic status,
lifestyle, cognitive functions, etc.) [5]. Therefore, age-re-
lated features of the P300 EP parameters and their re-
lationship with social and psychological characteristics
seem important to consider taking into account the di-
vision of old age into periods before and after 70 years.

According to the concept of the “aging curve” pro-
posed in the 1970s-90s based on the age-related dy-
namics of the P300 EP latency, with age the average
latency increases according to the formula: Latency
P300 = 1.25 x age + 285 ms [2]. However, the maximum
values of the P300 EP latency may differ significantly
from the calculated values. That is, in older age groups,
the ranges of values of the P300 latency indicators may
be quite wide.

The amplitude of the P300 EP is also traditionally
considered within the framework of regression models,
according to which the amplitude decreases with age
(P300 EP Amplitude = 11.9 pV - 0.09 x Age) [6]. In this
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case, the spread of amplitude values in age samples
can be quite wide, and the data presentation is limit-
ed to the values of the arithmetic mean for the sample
and the standard deviation. There is also information
on a slight age-related decrease in the P300 EP ampli-
tude with aging [7].

Age-related changes in physiological parame-
ters, including cognitive functions, may have region-
al characteristics. Thus, in a random sample of elderly
people visiting outpatient clinics in one of the regions
of the Arctic zone of the Russian Federation (Arkhan-
gelsk), pre-dementia disorders according to neuro-
psychological testing were detected in half of the visi-
tors [8]. In general, this is comparable with the results
of assessing cognitive impairment among individuals
from the all-Russian sample, when mild and moder-
ate (pre-dementia) disorders were detected in 46.6 %
of visitors to the I.M. Sechenov University of the Minis-
try of Health of the Russian Federation (Moscow) among
individuals with an average age of 66.0 + 15.7 years [9].
However, it is noted that when recording visual EP P300
in elderly women in Arkhangelsk, the greatest decrease
in amplitude and prolongation of latency of visual EP
P300 were detected in the 70-74 year age group [10].

Determination of normative ranges of the P300 EP
latency and amplitude parameters taking into account
the data of neuropsychological testing, as well as in-
formation on the socioeconomic status, labor and so-
cial activity of elderly people would ensure their appli-
cability both for assessing the parameters of healthy
aging and for identifying electrophysiological criteria
for the risk of developing cognitive impairment in elder-
ly people. Taking into account the nonparametric dis-
tribution of these parameters, the presentation of their
normative ranges using percentile corridors (from P5
to P95) would also contribute to increasing their valid-
ity. On these grounds, the aim of this study was to de-
termine age-related parameters of P300 cognitive au-
ditory evoked potentials in elderly people aged 60-69
and 70-74 years, living in the European North of Russia
(using the example of Arkhangelsk).

METHODS

In 2023, study participants were recruited
from among residents of Arkhangelsk who had previ-
ously been included in the random population sample
of the “Know Your Heart” study [11], formed on the basis
of an anonymized database of the territorial compul-
sory health insurance fund. Random addresses were
selected for visiting, and elderly men and women (ac-
cording to age periodization - aged 60-74 years) liv-
ing at them were invited to participate in the study.
The survey was conducted at the consultative and di-
agnostic clinic of the Northern State Medical Universi-
ty of the Ministry of Health of the Russian Federation
(NSMU) and the biorhythmology laboratory of the N. La-
verov Federal Center for Integrated Arctic Research



of the Ural Branch of the Russian Academy of Scienc-
es (FECIAR UrB RAS). All participants provided written
informed consent for the examination, which was ap-
proved by the local Ethics Committee of NSMU (pro-
tocol No. 03/04-23 dated April 26, 2023) and carried
out in compliance with the principles of the Helsinki
Declaration of the World Medical Association.

The inclusion criteria for the sample of this study
were age 60-74 years; residence in the Arkhangelsk re-
gion for 10 years; availability of signed informed con-
sent for the study.

The exclusion criteria were the presence of an acute
infectious disease at the time of the study; exacerbation
of a chronic disease; history of mental illness.

A total of 605 people aged 60-74 years took part
in the study. They were offered to undergo a full exam-
ination, including a medical examination and question-
naire (stage one), as well as cognitive-psychological test-
ing and recording of the parameters of P300 cognitive
auditory EP (stage two). Additional exclusion criteria
for assessing the parameters of P300 cognitive auditory
EP were the presence of epilepsy, traumatic brain injury
with damage to the bones of the skull, cerebrovascular
accidents accompanied by hemiparesis, and hearing
loss above grade |. A total of 529 people completed both
stages. The remaining participants met the exclusion cri-
teria or refused to complete the second stage.

The questionnaire provided data on the participants
ability to work (currently employed or not employed,
but could work if desired or necessary), level of educa-
tion, marital status, length of residence in Arkhangelsk,
financial situation, smoking and alcohol consumption,
performance of functions in the family (1 - financial
support of family and relatives; 2 — housekeeping; 3 -
managing a summer cottage or garden plot; 4 - raising
children and grandchildren; 5 - caring for elderly and/
or sick relatives) and socially significant activities (vol-
unteer work, participation in the work of political par-
ties, public organizations, in community work at least
once a year).

Cognitive functions were tested using the Mon-
treal Cognitive Assessment (MoCA) [12]. A total score
of 26 or higher was considered normal on this scale.
The level of depression was determined using the Beck
Depression Inventory [13]. The absence of depres-
sive symptoms was considered at a level of less than
14 scores. In addition, the Age Is No Barrier test was
used to determine signs of frailty [14, 15].

The P300 EP auditory was assessed using the Neu-
ron-Spectrum electroencephalograph (Neurosoft LLC,
Russia); the P300 EP parameters were recorded in stan-
dard electroencephalogram (EEG) leads using the inter-
national 10-20 electrode placement system with an ear
referent in the frontal (F3, F4) and central (C3, C4) re-
gions of the brain. The conditions of binaural nonverbal
acoustic stimulation in the oddball paradigm with but-
ton pressing included: stimulus duration - 50 ms; inten-
sity — 80 dB; inter-stimuli period - 1 s; tone frequency —
2000 Hz with 30 % occurrence of a significant stimulus,

’
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1000 Hz with 70 % occurrence of an insignificant stim-
ulus. The P300 EP latencies (ms) and the N2-P300 inter-
peak amplitude (uV) were determined [2, 6].

Subsequently, to examine the age ranges of the P300
EP indicators, a selection of individuals with normal cog-
nitive function indicators according to the MoCA scale
(26 scores or more), without signs of depression (less
than 14 scores according to the Beck Depression Inven-
tory), preserved ability to work, performing two or more
work functions in the family and/or performing socially
significant activities at least once a month, was made.

In statistical analysis, categorical variables are pre-
sented as absolute values (Abs) and percentages (%).
Continuous variables are presented as arithmetic means
(M) and standard deviations (SD) or medians (Me)
with 25% and 75% percentiles [P25; P75]. Comparisons
of groups by categorical variables were performed us-
ing the Pearson’s chi-square (x?) test, and by continuous
variables - using the Mann - Whitney test. Normative
values of the P300 cognitive auditory evoked poten-
tial for the 60-69 and 70-74 age groups are presented
as percentile values (P5, P10, P25, P50, P75, P90, P95)
modeled using multiple quantile regressions with age
group, gender,and education as covariates, with the con-
dition of uniform distribution of age groups by gender
and education. Differences between the correspond-
ing percentile values in the age groups were assessed
based on the statistical significance of the regression
coefficients for the age group variable in the described
quantile regression models. The relationships between
the P300 EP indices and socio-demographic charac-
teristics, lifestyle (smoking and alcohol consumption)
and the results on the MoCA scale and the Beck Depres-
sion Inventory in the analyzed sample of elderly people
with normal MoCA indices, without signs of depression
(on the Beck Depression Inventory) and with preserved
working capacity and/or social functions were estimat-
ed using multiple linear regressions with adjustments
for gender and age. The conditions for the applicabil-
ity of multiple linear regression models were estimat-
ed by visual assessment of the distribution of residuals.
Regression coefficients and differences between groups
were considered statistically significant at p < 0.05. STA-
TA 18.0 (Stata Corp., USA) was used for data analysis.

RESULTS

As a result of applying the selection criteria
for participants with normal scores on the MoCA scale
and the Beck Depression Inventory, with preserved
working capacity and/or social functions, a group of 399
people (284 people aged 60-69 years and 115 people
aged 70-74 years) was formed for the analysis of age-re-
lated characteristics of the ranges of the P300 EP param-
eters, which amounted to 75.4 % of the total sample size
(605 people) (table 1).

According to the “Age Is No Barrier” questionnaire,
the group included: 310 (77.7 %) people for whom
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frailty is unlikely (0-2 points); 84 (21 %) people for whom
pre-asthenia is probable (3-4 points); 5 (1.3 %) peo-
ple with probable frailty (5-7 points). Taking into ac-
count the selection of participants with normal indica-
tors on the MoCA scale [16, 17], the presence of signs
of pre-asthenia and asthenia in the participants was
considered to be due to a decrease in physical functions.

The study participants aged 60-69 and 70-74 were
comparable (p > 0.05) in terms of the ratio of men
to women, time of residence in Arkhangelsk, perfor-
mance of family functions (except for the proportion
of those working on summer cottages and garden plots,
which was higher among individuals aged 70-74), par-
ticipation in socially useful activities, and frequency
of alcohol consumption (table 2). There were more unem-
ployed people and those reporting that they would not
be able to work if they wanted to or had to, aged 70-74
(p < 0.001), and there was a higher proportion of peo-
ple with no more than secondary education at this age
(p = 0.037). There were more married people aged 60—
69 (p = 0.011), and there were more people living alone
aged 70-74 (p = 0.046). There were more smokers among
those aged 60-69 (p = 0.005). Income levels were lower
in the 70-74 year old group due to a higher proportion
of individuals reporting financial constraints on purchas-
ing major household appliances. Participants aged 70-74
also had a lower mean score on the MoCA scale. Scores
on the Beck Depression Inventory were not statistically
significant between participants aged 60-69 and 70-74.

Analysis of the ranges of the P300 EP values showed
an increase in the P300 EP latency values with age in all
the studied EEG leads (table 3). Taking into account
the maximum spread of values in the four consid-
ered EEG leads, in the 60-69 year old group, the range
of P300 EP latency values at the level of average per-
centile values (P25-P75), reflecting the conditional “av-
erage norm’, was 342.5-400.9 ms, in the 70-74 year old

TABLE 1

group — 358.5-442.9 ms. In all the considered EEG leads
(C3, C4, F3, F4), higher percentile values in the P10-P95
range were determined in the 70-74 year old group
compared to the 60-69 year old group. At the P90
level, the P300 EP latency increased significantly com-
pared to the value at P75 in each age group, especially
in the 70-74 age group — more than 40 ms.

The range of the conditional “average” norm (P25-
P75) of the P300 EP amplitudes in the 60-69 year
old group, taking into account the spread of values
in the EEG leads, was 4.2-12.6 pV, in the 70-74 year
old group - 3.5-12.3 pV. The differences in the P300 EP
amplitudes between the age groups were insignificant
and reached statistical significance only at the level
of low percentiles (P5-P25) for lead C4.

In the analyzed group of participants, consisting
of individuals without cognitive and psychological
impairments, with preserved working capacity and/
or social functions, the analyzed P300 EP indices had
no statistically significant relationships with the lev-
el of education, employment, or income. Compared
with those who had never smoked, current smokers had
higher latency indices (lead C4: Me — 394.0 vs. 374.0 ms,
p=0.024;lead F4: Me - 393.4vs.370.1 ms, p=0.008; lead
F3: Me - 393.3 vs. 366.5 ms, p = 0.004) and lower am-
plitude indices (lead C3: Me - 6.5 vs. 8.5 pV; p = 0.043);
former smokers had higher latency values (lead F3: Me
—-384.8vs.366.5 uV; p = 0.019). The frequency of alcohol
consumption had no statistically significant relation-
ship with the P300 EP values.

When examining the same sample, no relation-
ships were determined between the latency indicators
of the P300 EP amplitude and the results on the MoCA
scale, limited to a range of 26 to 30 points (fig. 1, 2),
as well as with the results on the Beck Depression In-
ventory scale, considered in a range of 0 to 13 points
(fig. 3, 4).

RESULTS OF SELECTING STUDY PARTICIPANTS WITH NORMAL MOCA SCORES, NO SIGNS OF DEPRESSION
AND PRESERVED ABILITY TO WORK AND/OR SOCIAL FUNCTIONS

Age groups

No cognitive impairment (MoCA score > 26)
No depression (Beck Depression Inventory score < 14)

Maintained ability to work (a person works or could work
if desired and/or necessary)

Maintained social functions (> 2 functions in the family
and/or socially useful activities at least once a month)

No cognitive and psychological impairments
and preservation of working capacity and/or social functions

Note. * - p-value estimated by the Pearson's chi-square (x?) test.

Total 60-69 years 70-74 years %
(n=529) (n=354) (n=175) P
Abs (%)
441 (84.2) 306 (87.2) 135(78.0) 0.007
477 (90.7) 328(93.2) 149 (85.6) 0.005
347 (65.6) 260 (73.5) 87 (49.7) < 0.001
498 (94.1) 334 (94.4) 164 (93.7) 0.770
399 (76.2) 284 (80.9) 115 (66.5) < 0.001
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TABLE 2

SOCIODEMOGRAPHIC, BEHAVIOURAL, COGNITIVE, PSYCHOLOGICAL AND NEUROPSYCHOLOGICAL
CHARACTERISTICS OF STUDY PARTICIPANTS AGED 60-69 AND 70-74 YEARS

112(39.4)
172 (60.6)

35(30.4)
80 (69.6)

140 (49.3)
144 (50.7)

58 (50.4)
57 (49.6)

98 (34.5) 38(33.0)
158 (55.6) 55 (47.8) 0.037
28(9.9) 22(19.1)

116 (40.9) 14(12.2)
100 (35.2) 54 (47.0) <0.001

68 (23.9) 47 (40.9)

21(7.4) 7(6.1)

124 (43.8) 68 (59.1) 0.046
106 (37.5) 29(25.2)

32(11.3) 11(96)

172 (60.6) 60 (52.2)

42(14.8) 13(11.3)

0.011

45(15.9) 35(30.4)

25(8.8) 7 (6.1)

73(25.7) 41(35.7) 0.046
204(71.8) 88 (76.5) 0.338
265(933) 107 (93.0) 0.924
180 (63.4) 86 (74.8) 0.029
186 (65.5) 78 (67.8) 0.656

72(25.4) 29(25.2) 0.978
263 (92.6) 105 (1.3) 0.660

21(7.4) 10(87)

169 (59.5) 86 (74.8)

0.005

68 (23.9) 22 (19.1)
47 (16.6) 7(6.1)
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TABLE 2 (continued)

212 (74.6) 89 (77.4)
59(20.7) 16 (13.9) 0.103
13 (4.6) 10(8.7)

28[27;29] 28 [26; 29] 0.001
4(1;7] 5[2;7] 0.060

Note. * - for quantitative characteristics, the p-value is estimated by the t-test for independent samples or the Mann - Whitney test, for categorical characteristics —
by the Pearson’s test (x?).

TABLE 3

NORMATIVE VALUES FOR THE PARAMETERS OF P300 COGNITIVE AUDITORY EVOKED POTENTIAL
IN INDIVIDUALS AGED 60-69 (n = 284) AND 70-74 YEARS (n = 115) WITH NORMAL MOCA SCORES, NO SIGNS
OF DEPRESSION AND PRESERVED ABILITY TO WORK AND/OR SOCIAL FUNCTIONS

330.7 349.2
345.7* 367.2%

84 6.5 1.1 2.2 4.2 7.2 10.9 15.2 20.2

7.9 52 1.7 2.3 4.1 6.5 11.2 14.8 19.0

Note. Percentile values were modeled and differences between them across age groups were estimated using multiple quantile regressions with age group, sex,
and education as covariates, assuming that age groups were equally distributed across sex and education; * - p < 0.05 for differences between corresponding
percentile values.
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DISCUSSION

The obtained data reflect statistically significant
age differences in the P300 EP latencies in elderly peo-
ple in the 60-69 and 70-74 year old groups, to a greater
extent in the P25-P90 percentile range, when the dif-
ferences are reflected in all EEG leads, and minimal age
differences in the P300 EP amplitudes.

Socio-demographic factors, as well as parame-
ter variations within the normative ranges according
to the MoCA and Beck Depression Inventory data, had
no connection with the P300 EP parameters in indi-
viduals of the group with normal MoCA scores, no de-
pression, preserved working capacity and/or social
functions. This indicates that the principles of study
participant selection for the formation of normative val-
ues of the P300 EP parameters were chosen correctly,
as far as the survey capabilities allowed. Nevertheless,
the smoking factor, even past smoking (in those who
quit smoking by the time of the study), was associated
with both the latency and the amplitude of the P300 EP.
The obtained data are consistent with studies where,
in representative samples of mentally healthy people
who were smoking at the time of the study and had

FIG. 1.

never smoked, the electrophysiological phenotype
of a smoker with reduced P300 EP amplitude was
shown, with a possible dose-response relationship [18,
19]. The latency prolongation of the auditory P300 EP
is associated with the prolongation of its sensory com-
ponent N1, when there is a decrease in the percep-
tion of the auditory signal due to the chronic effect
of nicotine on the neuronal pathways from the inner ear
to the auditory zone of the cerebral cortex [20].

Despite the fact that the issue of creating norma-
tive databases of P300 EP parameters has been raised
for a long time, for more than 30 years [21], compari-
son of the obtained results with literature data is diffi-
cult. This is due to the different number of participants
in the samples and different statistical approaches.
The most commonly used method is to evaluate P300
EP indicators taking into account the average value
and standard deviation (sigma) [2]. Nevertheless, fo-
cusing on the data of the P300 EP norm in the central
EEG leads with pressing a button in the group of 60-69
years (383 + 40 ms), given in the work of V.V. Gnezditsky
et al. [2], it can be concluded that in our study both
the average values (374.5-380 ms) and standard devi-
ations (42.4-46.2 ms) in the 60-69 year old group are

Results of multiple regression analysis showing the relationship between P300 evoked potential latency and MoCA scores ranging
from 26 to 30 points in individuals with normative values of P300 evoked potential parameters: regression lines and relationships

between variables are defined with correction for gender and age
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FIG. 2.

Results of multiple regression analysis showing the relationship between P300 evoked potential amplitude and MoCA scores ranging
from 26 to 30 points in individuals with normative values of P300 evoked potential parameters: regression lines and relationships
between variables are defined with correction for gender and age

generally comparable with the data of the above-men-
tioned authors. In the 70-74 year old group, the P300
EP latency in our study appears to be more prolonged
(average — 399-406 ms, sigma - 54-56 ms; according
to V.V. Gnezditsky et al. [2] - 392 + 46 ms).

In another study, also conducted using auditory
P300 EPs [22] in healthy elderly individuals in South
Korea with an average age of 75.8 years, the P300 EP
latency was 362.5 + 44.2 ms in the median frontal EEG
lead, 362.2 £ 43.5 ms in the central EEG lead (M = sig-
ma). In a study conducted by the authors from Japan
in healthy individuals with an average age of 62.7 years,
the P300 EP latency was 377-406 ms [23].

Acknowledging that a comparison of the ob-
tained data with the data presented in the literature
is only conditionally possible (differences in the elec-
trode placement schemes, different characteristics
of the samples) [4], we can state in general the corre-
spondence of the ranges of auditory P300 EP latencies
in our study with the literature data for individuals
aged 60-69 years (especially at the level of P25-P75),
but there is a more pronounced shift towards
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anincrease in the P300 EP latency in a group of Arkhan-
gelsk residents aged 70-74 years.

Despite the recognition by various authors
of the presence of extended P300 EP latencies in individ-
uals without identified cognitive impairment, the P300
EP latency of about 400 ms is considered a threshold
above which the risk of cognitive impairment and a de-
crease in the volume of working memory statistical-
ly significantly increases, and in individuals with both
neurodegenerative and neurovascular pathology [2].
There is evidence that the P300 EP latency of more than
400 ms can be associated with cerebrovascular insuffi-
ciency and signs of dementia according to neuropsy-
chological testing [24]. Thus, it can be stated that in el-
derly people of Arkhangelsk aged 60-69 years, the limit
of the conditional “average” norm (P25-P75) of the P300
EP latency in all the EEG leads under consideration cor-
responds to 400 ms.

The results showed that age differences in the P300
EP amplitudes in the age range of 60-74 years were
minimal. According to the "aging curve” calculations
[6], for the age of up to 74 years, the amplitude norm



FIG. 3.

Results of multiple regression analysis showing the relationship between P300 evoked potential latency and Beck Depression Inven-
tory scores ranging from 0 to 13 points in individuals with normative values of P300 evoked potential parameters: regression lines
and relationships between variables are defined with correction for gender and age

is expected to be more than 5 pV. In our study, the low-
er limit of the average norm (P25) is presented slightly
lower - at the level of 5 pV (4 pV), but at P10 it is signifi-
cantly lower (from 1.4 to 4 pV) depending on the EEG
lead. It is worth considering that the calculations of re-
gression models for predicting the amplitude depend-
ing on age presented in the literature were carried
out taking into account a large range of ages (from 18
to 80 years) and on small samples of people.

If we rely on the works devoted to the study
of the auditory P300 EP parameters in elderly people,
then the relationship between age and the P300 ampli-
tude is not obvious, as in our study. In the previously
presented work, in healthy individuals with an average
age of 75.8 years, the amplitude in the median fron-
tal lead was 6.5 + 5.5 yV, in the median central lead -
4.0 + 2.8 yV (M = sigma) [22]. According to other data,
in individuals with an average age of 62.7 years, the am-
plitudes were 5.2 + 1.9 pV (M * sigma) [25]. Some au-
thors associate the decrease in the P300 EP ampli-
tudes with aging not with age, but with a lower level
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of education and gender differences [26], which was not
confirmed by the data of our study.

Thus, the average values of the P300 EP amplitudes,
as well as their ranges, do not always have a statistical-
ly significant dependence on age in elderly individuals.
In the study by C.F. Kuigler et al. [7], a slight age-related
decrease in the P300 EP amplitudes with aging was also
indicated. Apparently, a change in the perception of au-
ditory information due to an increasing neurosensory
deficitin sound recognition can cause compensatory ac-
tivation of various cortical areas to maintain the process
of recognizing sensory information, which can contrib-
ute to the expansion of the normal range of the P300 EP
amplitude, characteristic of healthy aging. It can be stat-
ed that in our study, the P300 EP amplitude is represent-
ed by a wide range of values - both towards low and to-
wards fairly high amplitudes, especially at the upper
percentiles (P75-P95 - up to 18-22 uV).

The prolongation of the P300 EP latency
in individuals with intact cognitive functions according
to neuropsychological testing data can be considered

Neurology and neurosurgery



FIG. 3.

Results of multiple regression analysis showing the relationship between P300 evoked potential amplitude and Beck Depression
Inventory scores ranging from 0 to 13 points in individuals with normative values of P300 evoked potential parameters: regression
lines and relationships between variables are defined with correction for gender and age

from the standpoint of a decrease in cognitive reserve.
The concept of cognitive reserve includes the ability
of the brain to optimize or maximize its performance due
to a differentiated set of neural connections that allows
finding alternative cognitive strategies when making
a decision [27, 28]. Therefore, the optimal time for mak-
ing a decision when recognizing a significant sensory
stimulus, reflected in the auditory P300 EP latency, may
reflect the process of effective adjustment of the brain
neural network in the decision-making process.

Based on the experience of previous researchers
and taking into account our own results, in individuals
aged 60-69 years, the P300 EP latency values higher
than P75 (in individuals aged 60-69 years — more than
400 ms, in individuals aged 70-74 years — more than
443 ms) can be considered from the position of a de-
crease in cognitive reserve and a prognostically unfa-
vorable risk criterion for the cognitive impairment de-
velopment in elderly people living in a certain climatic
and geographic region (Arkhangelsk). For subsequent
analysis of the reasons for the significant representation
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of the extended P300 EP latency (in percentiles, P75
and above), dynamic observations are necessary, as well
as a more in-depth study of cognitive functions, neuro-
imaging data on morphofunctional changesin the brain,
in order to differentiate groups with “normal” aging
and“pathological”aging with the risk of developing var-
ious pathophysiological variants of dementia (vascular,
neurodegenerative nature) [29].

Itis also important to further study the role of endo-
crine-metabolic factors that directly or indirectly deter-
mine changesin therate of brain neuronal activity during
decision-making, for example, the state of the thyroid
system, metabolic parameters (carbohydrate, fat, pro-
tein). These endocrine-metabolic factors can affect both
the formation of the normal ranges of the P300 EP pa-
rameters and the effectiveness of cognitive functions
in residents of the Arctic zone of the Russian Federation,
primarily memory functions [30].

Based on the fact that with age the values
of the conditional norm of the P300 EP latency increase,
the preservation of the P300 EP latency within the age



norm or even at the level of the previous age decade
can be considered as an electroneurophysiological re-
flection of the cognitive reserve preservation for an el-
derly person, the basis of his cognitive longevity.

The P300 EP amplitude below the P25 value can
also be considered in the context of a decrease in cog-
nitive reserve. However, its minimal changes in the age
aspect give reason to believe that during healthy ag-
ing, the P300 EP amplitude may not undergo signif-
icant changes. A pronounced decrease in the P300
EP amplitude in this case will be more associated not
with physiological, but with pathological vascular, met-
abolic changes in brain functions, primarily associated
with the risk of developing neurodegeneration [13].

The limitation of the presented study may be asso-
ciated with the insufficient analysis of possible gender
differences, age-related changes in the studied param-
eters taking into account cognitive impairment accord-
ing to neuropsychological testing, and the technical
complexity of assessing morphofunctional changes
in the brain in all participants of the population study
using neuroimaging methods. Such an analysis would
be more correct in a comparative analysis with the in-
clusion of younger age groups (up to 60 years), which
is planned for the next stage of the study. Thus, the sub-
sequent development of the research topic is planned
in the context of the analysis of the role of socio-de-
mographic, behavioral factors, cognitive decline (ac-
cording to the expanded neuropsychological study)
and the severity of depression, which have the greatest
impact on the age ranges of the P300 EP parameter val-
ues in the elderly, as well as in comparison with individ-
uals of the previous age group (average age).

Another possible limitation of the study may
be the inclusion in the analyzed group of 84 (21 %)
participants with probable preasthenia and 5 (1.3 %)
participants with probable frailty, who got 3-4 and 5-7
scores, respectively, on the Age Is No Barrier test. Ac-
cording to the questionnaire requirements, it was nec-
essary to check the cognitive functions of individuals
with 3 points or more using the Mini-Cog question-
naire [14, 15], which was not done. However, the re-
sults obtained on the MoCA scale, which is more in-
formative than the Mini-Cog screening test [16, 17],
demonstrated normal values according to the MoCA
scale, which served as the basis for considering prob-
able preasthenia and asthenia in these individuals
to be due to a decrease in physical functions, and not
the presence of cognitive decline.

CONCLUSION

For the first time, the normative values of the pa-
rameters of cognitive auditory evoked potentials P300
in residents of the European North of Russia aged 60-74
years in the range from 5-95 percentile are presented.
In the group of 60-69 years, the range of P300 EP la-
tencies at the level of the “average” norm (P25-P75)
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was 343-401 ms, and in the group of 70-74 years -
359-443 ms. Age differences in the P300 EP amplitudes
were minimal, the range on average in the total sample
was 4-13 pV (P25-P75). Latency above 400 ms (60-65
years) or above 443 ms (70-74 years) in individuals
with preserved working capacity and/or social functions
and normal indicators on the MoCA scale and the ab-
sence of depression (according to the Beck Depression
Inventory) is proposed to be considered from the posi-
tion of a decrease in cognitive reserve and a prognos-
tically unfavorable criterion for the risk of developing
cognitive impairment in elderly people living in the Eu-
ropean North of Russia.
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