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Abstract
The aim of this study was to evaluate the spatial distribution of the latencies and amplitudes of the N2 and P3 (or P300) 

components of the auditory evoked potential (AEP) in the Russian Arctic working-age women with different levels of blood 
pressure (BP). 

Methods and Results: A total of 25 working-age women living in Nadym city for more than 20 years took part in this study. 
Group 1 (n=12, control group) consisted of women with BP within the normal range (<130/90 mmHg); Group 2 (n=13) consisted 
of women with arterial hypertension (AH) (AH duration from 1 to 10 years). The parameters of the N2 and P300) components of 
the AEP were evaluated using an electroencephalograph (Neuron-Spectrum-4/VPM, Russia). An auditory oddball paradigm was 
used to elicit the oddball event-related potentials (ERPs). 

In Group 2, compared with Group 1, the N2 latency was more pronounced in the parietal (P4, P3), central (C4, C3), frontal 
(F4, F3), and left temporal (T3, F7) regions. The N2 amplitude in all studied brain regions in individuals of both groups was 
comparable. The P300 latency did not differ between the two groups. In Group 2, the P300 amplitude was significantly lower in 
the parietal region (P3) on the left, and in the central and temporal regions on the right (C4, T4). In Group 2, inverse correlations 
between DBP and the P3 amplitude were revealed in the central (C4: r=-0.88, P=0.001; C3: r=-0.86, P=0.001), frontal (F4: r=-
0.76; P=0.01; F3: r=-0.93, P=0.001), and anterior-temporal cerebral regions (F8: r=-0.65, P=0.04; F7: r=-0.64, P=0.04). SBP 
correlated with the P3 amplitude in the right mid-temporal region (T4: r=0.64, P=0.04). 

Conclusion: The features of the spatial distribution of the N2 and P300 components of the AEP can be used for early diagnosis 
of the risk of developing cognitive disorders in AH patients.(International Journal of Biomedicine. 2021;11(3):281-285.)
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Introduction
Arterial hypertension (AH) is a strong independent 

risk factor for the development of cognitive impairment and 
dementia.(1,2) The early detection of cognitive impairments(3,4) 

is critical for effective treatment and prevention of dementia.
However, early detection of cognitive impairment (CI) is 

a serious clinical problem. The uncomfortable climatic 
conditions of the Arctic increase the risk of developing AH, 
and in certain cases may contribute to the development of CI. 
Neuropsychological methods for detecting cognitive disorders 
are not always recognized as sufficiently reliable.(5,6)

Event-related potentials (ERPs), evoked by the auditory 
and visual senses, are one of the most commonly used tools 
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to assess the neural basis of sensory perception and cognitive 
processing in humans.(7,8) The associated ERP is composed 
of several components such as N1, P2, N2, and P3 (or P300), 
indicating early/pre-attentive to late selective attention and 
cognitive processing.(9) The N2 component may reflect the 
attended mismatch detection,(10) whereas the P3 component is 
assumed to be an indicator of controlled processing.(11) A variety 
of psychological and biological factors may modulate the 
latency and amplitude of the ERP components. Shorter latencies 
indicate superior mental performance relative to longer latencies. 
Reduced P300 amplitude and latency prolongation have been 
reported in patients with AH, schizophrenia, and Parkinson’s 
disease.(12-15) Cicconetti  et al.(16) showed that the N2 latency was 
significantly higher in patients with isolated systolic hypertension 
(ISH) vs. controls (P<0.0001), suggesting the existence of early 
subclinical alterations in neurocognitive function in early ISH.

AH in residents of the Arctic zone of Russia is 
characterized by a more severe course than in residents of 
middle latitudes. AH also occurs in young people with early 
damage to target organs, frequent hypertensive crises and 
impaired higher nervous activity.(17,18) Women make up the 
active able-bodied part of the population, but the uncomfortable 
influence of the Arctic climate contributes to early age-related 
endocrine disorders,(19) which may also affect the state of 
vascular tone. Therefore, the improvement of instrumental 
methods for early diagnosis of the risk of cognitive disorders 
in the working-age residents of the Arctic zone of the Russian 
Federation, especially in women, is necessary and relevant.

The aim of this study was to evaluate the spatial distribution 
of the latencies and amplitudes of the N2 and P300 components 
of the auditory evoked potential (AEP) in the Russian Arctic 
working-age women with different levels of BP. 

Materials and Methods
A total of 25 working-age women living in Nadym city 

for more than 20 years took part in this study. Group 1 (n=12, 
control group) consisted of women with BP within the normal 
range (<130/90 mm Hg); Group 2 (n=13) consisted of women 
with AH (AH duration from 1 to 10 years). AH women either 
did not adhere to regular antihypertensive therapy (n=7), 
or periodically received monotherapy (n=6) (angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers). 
The average age of persons in Group I was 43(36.5;55.5) 
years, in Group 2 - 49.0(47.0;53.0) years.

Office BP was measured using a mercury 
sphygmomanometer, according to Korotkov’s method. BP 
was measured 3 times, and the means of these measurements 
were used in the analyses. 

The parameters of the N2 and P300 components of the 
AEP were evaluated using an electroencephalograph (Neuron-
Spectrum-4/VPM, Russia). An auditory oddball paradigm was 
used to elicit the oddball ERPs. Binaural nonverbal acoustic 
stimulation was performed with a stimulus duration of 50 ms, 
an intensity of 80 dB, a period between stimuli of 1sec, a tone 
frequency of 2000 Hz (for a target stimulus, probability of 25%) 
and 1000 Hz (for a non-target stimulus, probability of 75%). 
The P3 was identified as a positive component wave of the 

ERP, occurring 250-300 ms after stimulus onset. The N2 was 
identified as a negative component wave of the ERP, occurring 
200ms after presentation of stimulus. The amplitude (mcV) 
and latency (ms) of the N2 and P3 components of the AEP 
in the brain regions were estimated. The International System 
10–20 of the American Society of Electroencephalography 
was used for electrode placement. The studied brain regions 
included F3, F4 (frontal), C3, C4 (central), P3, P4 (parietal), 
and F7, F8, T3, T4 (temporal) leads.

Statistical analysis was performed using the statistical 
software «Statistica» (v. 13.0, StatSoft, USA). We evaluated 
the normal distribution of latency and amplitude measures 
by the Shapiro-Wilks test. Median values are presented with 
interquartile (IQ) ranges (IQR; 25th to 75th percentiles). 
Mann-Whitney U test was used to compare differences 
between two independent groups. The Spearman correlation 
coefficient (rs) was used to assess the relationship between 
variables. A value of P<0.05 was considered significant.

The study was approved by the Ethics Committee of 
the N. Laverov Federal Center for Integrated Arctic Research, 
RAS (Protocol №1, 11.16.2017).  Written informed consent 
was obtained from all participants.

Results
The SBP and DBP levels in Group 2 were significantly 

higher than in Group 1 (138(133;141) mmHg and 91.5(90;98) 
mmHg versus 116.5(112.5;126) mmHg and 79.5(76;84.5) 
mmHg, respectively (P<0.05). In Group 2, compared with 
Group 1, the N2 latency was more pronounced in the parietal 
(P4, P3), central (C4, C3), frontal (F4, F3), and left temporal 
(T3, F7) regions (Table 1). The N2 amplitude in all studied 
brain regions in individuals of both groups was comparable. 

Table 1.
Spatial distribution of the N2 latency (ms) in the study groups
 (Ме (P25; P75)

EEG lead Group 1 (n=12) Group 2 (n=13) P-value

Р4 199.5 (189.5;214.0) 231.0 (214.0;269.0) 0.001

Р3 200.5 (192.0;209.0) 233.5 (225.0;247.5) 0.006

С4 206.0 (192.5;217.0) 241.5 (220.0;264.0) 0.006

С3 206.0 (192.0;217.0) 239.0 (231.0;247.0) 0.001

F4 209.0 (200.5;211.5) 244.5 (225.0;269.0) 0.002

F3 209.0 (200.5;214.0) 250.0 (242.0;258.0) 0.001

T4 220.0 (208.5;220.0) 225.0 (203.0;264.0) 0.459

T3 203.0 (195.0;214.5) 233.5 (220.0;258.0) 0.011

F8 211.5 (206.0;217.0) 228.0 (217.0;258.0) 0.054

F7 220.0 (206.0;220.0) 242.4 (225.0;258.0) 0.027
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The P300 latency did not differ between the two groups. The 
range of P300 latency   in all brain regions in Groups 1 and 2 
was 264-346ms (min-max) and 275-395ms, respectively. In 
Group 2, the P300 amplitude was significantly lower in the 
parietal region (P3) on the left, and in the central and temporal 
regions on the right (C4 T4) (Table 2). In Group 2, the P300 
amplitude in the temporal regions was the smallest, at the 
lower limit of the age standard (>5 mcV).

In Group 2, inverse correlations between DBP and the 
P300 amplitude were revealed in the central (C4: r=-0.88, 
P=0.001; C3: r=-0.86, P=0.001), frontal (F4: r=-0.76; P=0.01; 
F3: r=-0.93, P=0.001), and anterior-temporal cerebral regions 
(F8: r=-0.65, P=0.04; F7: r=-0.64, P=0.04). SBP correlated 
with the P300 amplitude in the right mid-temporal region (T4: 
r=0.64, P=0.04).  In Group 1, no significant correlations were 
found.

Our results showed that in women with AH, the N2 latency 
was longer in the parietal (P4, P3), central (C4, C3), frontal (F4, 
F3), and left temporal (T3, F7) regions of the brain, compared 
with the control group. The N2 component is associated with 
the processes of primary recognition and differentiation of the 
stimulus.(6) According to A.R. Luria’s theory, higher cortical 
functions are provided by the integrated activity of the entire 
brain as a whole. However, different parts of the brain are not 
equivalent.(20) In particular, Luria notes that in case of damage 
to the structures of the functional energy block, which includes 
the subcortical-stem structures of the brain, the response time 
to external stimuli increases, which leads to a slowdown in all 
cognitive processes and a decrease in concentration.(20,21) Another 
functional block includes the secondary and tertiary zones of the 
cortical analyzers of somatic sensitivity, hearing, and vision, 
reflected in the bioelectrical activity of the parietal, temporal, 

and occipital cerebral lobes. Its function is the perception, 
recognition, and storage of information received from the 
outside world. When the structures of this block are damaged, 
the perception of information (gnosis) is impaired.(20) The third 
block is responsible for programming actions and decision-
making with the participation of the frontal cerebral lobes.(21)

Lacunar cerebral infarctions with typical localization 
(thalamus, subcortical basal ganglia) for AH and diffuse changes 
in white matter can be the morphofunctional basis of cognitive 
disorders.(22) Cognitive disorders can also occur against the 
background of acceleration of degenerative processes in the 
cerebral cortex.(23) In the case of multiple small-focal lesions of 
the deep parts of the brain, disorders of higher mental functions 
are caused by the disconnection of the brain structures, in 
particular, due to damage to the connections of the frontal 
regions with the temporal, parietal cerebral regions, as well as 
the structures of the limbic-reticular complex.(24) Functionally 
important for cognitive functions are such parts of the brain 
as the frontal lobes, the temporo-parieto-occipital regions, 
the mediobasal regions of the temporal lobe, the anterior 
and middle parts of the visual hillocks associated with the 
frontal lobes of the brain and the limbic system, the posterior-
lower-lateral region and the dentate nucleus of the cerebellar 
hemisphere, contralateral to the dominant cerebral hemisphere, 
globus pallidus.(24) All the above morphological and functional 
changes in the brain are reflected in the spatial distribution of 
the parameters of all AEP components. Thus, given that the 
N2 component reflects the contribution of cortical, thalamic, 
and stem bioelectric generators,(25) it is assumed that stimulus 
recognition occurs with the participation of the temporal region 
with simultaneous connection of the associative parietal lobes 
of the brain.(26) A more pronounced lengthening of N2 latency 
in the left brain regions in AH persons is possibly associated 
with a decrease in neuronal activity of central regulators of 
parasympathetic control of vascular tone, mostly located in the 
left hemisphere.(27) We believe that in AH patients, the primary 
recognition and classification of the stimulus occurs more 
slowly than in people with normal BP.

The late P3 (P300) component is associated with the 
final identification of the stimulus that requires comparing it 
with a pattern in memory and making a decision regarding 
the action associated with it. Of particular importance in its 
formation are the processes of directed attention and short-
term memory.(28) As for the physiological aspect of P300 and 
its relationship with cortical networks, various studies have 
shown that several cortical generators of P300 can coexist: 
the medial temporal lobe, the temporo-parietal junction, 
and the medial and lateral frontal lobes.(29) The presence of 
cognitive disorders is characterized by a lengthening of the 
P300 latency and a decrease in the P300 amplitude.(21) It is 
believed that the P300 amplitude reflects the relative amount 
of neuronal resources involved in stimulus processing.(30) The 
P300 amplitude is also proportional to the amount of attention 
resources allocated to a specific task and is related to memory 
performance.(31) In our study, there were no differences in 
the P300 latency between the AH group and control group, 
which may indicate the absence of violations of the final 
identification of the stimulus and decision-making. However, 

Table 2.
Spatial distribution of the P300 amplitude (mcV) in the study 
groups (Ме (P25; P75)

EEG lead Group 1 (n=12) Group 2 (n=13) P-value

Р4 13.5(9.7;18.0) 8.7(5.0;10.8) 0.067

Р3 13.9(10.2;19.0) 7.7(5.9;12.9) 0.021

С4 17.1(11.3;18.9) 9.4(6.2;15.3) 0.043

С3 14.3(10.9;21.5) 7.9(5.5;14.4) 0.067

F4 14.1(9.9;23.8) 12.1(7.7;16.8) 0.359

F3 11.6(9.7;25.3) 10.4(6.9;14.8) 0.408

T4 10.9(7.7;18.3) 6.9(5.4;11.1) 0.04

T3 12.6(11.1;17.1) 10.9(6.2;12.9) 0.130

F8 8.4(7.5;16.1) 6.9(5.6;9.9) 0.408

F7 8.1(6.4;14.2) 6.4(4.7;8.9) 0.161
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a decrease in the Р3 amplitude, especially in the temporal 
regions to marginal values   (median 6.4-6.9 μV), may indicate 
a change in the activity of the neurotransmitter system, a 
decrease in the cognitive resource to ensure decision-making. 
The positive correlations between SBP and P3 amplitude 
in the right midtemporal region (r=0.64, P=0.04) that we 
revealed indicate the need to maintain a relatively elevated BP 
for adequate cerebral perfusion and preservation of cognitive 
functions. However, further preservation of the elevated SBP 
leads to the risk of CI. 

Launer et al. (2) found an increased risk for intermediate 
and poor cognitive function with every increment increase in 
SBP by 10 mmHg irrespective of the history of stroke, coronary 
heart disease, and subclinical atherosclerosis indicating that 
BP control in early life may reduce the risk for CI in old age. 

In our study, inverse correlations between DBP and the 
P3 amplitude were found in the central, frontal, and anterior 
temporal regions of both hemispheres. A number of AH 
studies(14,15) revealed not only an increase in the P300 latency 
and a decrease in its amplitude, but also a relationship between 
changes in P3 to a greater extent with the DBP level. In a study 
by Lv et al.,(32) U-shaped associations were identified between 
CI and SBP, DBP. The cut-points at which risk for CI was 
minimized were determined by quadratic models as 141 mmHg 
and 85 mmHg, respectively. Below the identified cut-points, 
each 1mmHg decrease in BP corresponded to 0.7% and 1.1% 
greater risk in the risk of CI, respectively. Above the cut-points, 
each 1mmHg increase in BP corresponded to 1.2% and 1.8% 
greater risk of CI for SBP and DBP. We believe that the decrease 
in cognitive resources is more influenced by an increase in DBP, 
especially in the Arctic zone.

In conclusion, in women with hypertension, the N2 
latency is longer in the parietal (P4, P3), central (C4, C3), 
frontal (F4, F3)  and left temporal regions (T3, F7), and the 
P3 amplitude is lower in the right central (C4) and mid-
temporal (T3) regions and the left parietal region of the brain, 
compared to individuals with normal BP. This may indicate 
a slowdown in brain processes during the initial recognition 
and differentiation of stimuli and a decrease in neuronal 
resources in people with high BP already at working age. The 
absence of significant changes in the P300 latency reflects the 
preservation of the speed of cognitive processes associated 
with the final identification of the stimulus and decision-
making. The revealed inverse correlations between DBP 
and the P300 amplitude in the frontal, central, and anterior 
temporal regions of the brain reflect the relationship between 
a decrease in cognitive resources and an increase in DBP. 
The features of the spatial distribution of the N2 and P300 
components of the AEP can be used for early diagnosis of the 
risk of developing cognitive disorders in AH patients.
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