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Abstract

The relevance of the study of primary arterial hypotension (PAH)
in adolescents is due to the high prevalence of this condition and
its significant impact on quality of life, cognitive functions, and
academic performance. The purpose of this study was to study the
prevalence and risk factors of PAH among high school students in
Vladikavkaz, as well as to evaluate the effectiveness of a complex
of non-drug interventions. 420 students from grades 9-11
participated in the study. The research methods included
questionnaires, blood pressure measurements, assessment of
cognitive functions using psychometric tests, and analysis of
academic performance. The results indicated that the prevalence of
PAH among high school students was 30.5%. Significant
differences in lifestyle were found: adolescents with PAH slept an
average of 6.8 hours a day (versus 7.9 hours in the control group),
spent 5.4 hours a day on gadgets (versus 3.9 hours), and in 58.6%
of cases regularly skipped breakfast (versus 32.2%). Students with
PAH showed a decrease in attention productivity by 22.3%,
memory capacity by 18.1%, and attention switching speed by
28.5%. After a three-month course of non-drug correction, which
included normalization of daily routine, physical activity, and
optimization of gadget usage time, the intervention group (n=64)
showed a significant improvement in indicators: an increase in
systolic blood pressure from 95.6 to 105.3 mm Hg and diastolic
blood pressure from 56.3 to 62.7 mm Hg, a decrease in the
frequency of fatigue complaints increased from 93.8% to 40.6%,
and improved cognitive performance.
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Introduction

The problems of primary arterial hypotension (PAH) in childhood
and adolescence remain highly relevant in modern pediatrics and
school medicine (Korkut & Aydin, 2023; Krzesinski, 2023). This
condition, traditionally defined as a persistent decrease in blood
pressure below the Sth percentile of the age norm, is widespread in
the adolescent population, reaching, according to various studies,
from 10% to 30% (Chung et al., 2021; Kontostoli et al., 2022;
Rivasi & Fedorowski, 2022). Unlike arterial hypertension,
hypotensive conditions have often been regarded by clinicians for
a long time as a relatively harmless variant of the norm that does
not require active medical intervention (Fedorowski et al., 2019;
Clark, 2022; Hargreaves et al., 2022). However, the data
accumulated over the past decades strongly suggest that PAH is a
serious pathological condition that has a multifaceted negative
impact on the growing body, significantly reducing the quality of
life and physical and mental performance of adolescents (Stewart
et al.,2018; Hui et al., 2021; Ezepue et al., 2024).

The PAH problem becomes particularly important in high school
age (grades 9-11). This period of ontogenesis is characterized by
intensive growth processes and neuroendocrine restructuring,
known as the puberty leap, which in itself is a significant stress for
the vascular tone regulation system (Plash ef al., 2013; Trettin et
al., 2022). At the same time, the teenager has a huge educational
burden associated with preparing for the state final certification
and choosing a future profession (Boris & Bernadzikowski, 2018;
Kanellopoulou et al., 2021). The combination of these factors
creates a premorbid background for the development of functional
disorders of the cardiovascular system, among which PAH
occupies a leading place (Arnold et al., 2018; Parvin et al., 2022,
Koch et al., 2023). The clinical picture is manifested by a complex
of astheno-neurotic symptoms: persistent weakness, increased
fatigue, dizziness, tension cephalgia, emotional lability, and
weather dependence (Wieling et al., 2015; Ansari et al., 2022;
Alekseenok et al., 2024; Ansari et al., 2024; Peuters et al., 2024,
Samyuktha & Syam, 2024; Suchy & Jurkowski, 2024). It is these
symptoms, which are directly related to impaired cerebral
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hemodynamics and hypoperfusion of the brain, that become a key
factor limiting the cognitive potential of adolescents (Shanks ef al.,
2013; Zhang et al., 2022).

In today's society, new risk variables that were previously
unaccounted for have a significant impact on the condition of the
adolescent cardiovascular system (Liu, 2024). We're talking about
a fundamental shift in lifestyle driven by digitalization (Tang et al.,
2024). The long-term use of cellphones, tablets, and personal
computers for study and enjoyment exacerbates the physical
inactivity produced by extended static positions at the desk (Brych
et al., 2021). This not only lowers the period of physical exercise
but also leads to chronic strain on the visual analyzer and
psychoemotional overload from information on social networks
and computer games and creates addicted behavior (Miglis et al.,
2016; Pelevin et al., 2018; Zeng et al., 2025). Sleep hygiene
difficulties are also essential since the "blue light" from screens
inhibits melatonin synthesis, resulting in desynchronosis, late
bedtime, and chronic sleep deprivation, which is a direct cause of
autonomic dysfunction and hypotensive diseases (Ocon, 2013;
Adams et al., 2022; Kontostoli et al., 2023). When combined with
an irregular and often imbalanced diet (skipping breakfast, eating
too many simple carbs, not drinking enough water), these variables
create a complicated unfavorable pattern of behavior that can be
regarded as a trigger for the development and progression of PAH
(Stewart et al., 2017; Staiano et al., 2024). However, the degree of
effect of each of these elements (time spent on gadgets, sleep
patterns, stress levels) in a specific group, such as among kids in
the North Caucasus area, requires careful investigation.

The issue of not only diagnosis but also effective correction of
PAH is extremely important. Pharmacotherapy of hypotensive
conditions in children has limited use due to the risk of side effects,
the undesirability of long-term medication intake, and often
insufficient evidence (AlHussain ef al., 2023; Maneea et al., 2024;
Alsaif et al., 2025). In this regard, non-medicinal methods of
exposure aimed at lifestyle normalization and vascular tone
training are of paramount importance (Shaw et al., 2019; Liu et al.,
2020; Yang et al., 2020; Tlhan et al., 2022; Mobeen & Dawood,
2022; Attenborough et al., 2023; Cirik et al., 2023). These include
optimization of the daily routine and nutrition, metered aerobic
exercise (physical therapy, swimming, running), hydrotherapy
(contrast shower, therapeutic baths), methods of psychological
relief, and sleep correction (Alnemer et al., 2022; Kumar ef al.,
2022; Spirito et al., 2022; Prada et al., 2024). Despite the fact that
these methods are universally recommended, their effectiveness is
often declarative and requires rigorous evaluation in controlled
studies, especially in terms of their impact not only on blood
pressure levels but also on the subjective well-being, cognitive
functions, and academic performance of schoolchildren (Vernino
et al., 2021; Michatowska et al., 2022).

Thus, there is an obvious scientific and practical need for a
comprehensive study that would:

e Assessed the actual prevalence of PAH among high school
students in Vladikavkaz, a major industrial and cultural center
of the North Caucasus.

e Analyzed the relationship between blood pressure levels and
new risk factors: digital habits, sleep patterns, and educational
and psychological stress levels.

e Determined the effect of PAH on key parameters for
successful learning: cognitive functions (attention, memory,
speed of processing information) and academic performance.

e Evaluated the effectiveness of the developed non-drug
correction program (including regimen correction, physical
activity, and hydrotherapy) on the dynamics of clinical
symptoms, blood pressure levels, and quality of life in
adolescents.

The purpose of this study: to study the prevalence and risk factors
of primary arterial hypotension in Vladikavkaz high school
students and to evaluate the effectiveness of a complex of non-drug
interventions on their health (Rani et al., 2023; Ludovichetti et al.,
2024).

Research Objectives

1. Using a survey of 420 students in grades 9-11, identify the
prevalence of PAH-specific complaints and assess lifestyle
(sleep patterns, nutrition, time spent using gadgets, stress
levels, and bad habits).

2. Perform instrumental blood pressure measurements to form
two groups: the main group (with a confirmed PAH diagnosis)
and the control group (healthy adolescents).

3. To conduct a comparative analysis of lifestyle, cognitive
functions (using psychometric tests), and academic
performance between groups.

4. To develop and implement an individually selected set of non-
medicinal measures for a part of the PAH group.

5. Evaluate the effectiveness of a set of measures after 3 months
based on the dynamics of clinical symptoms, blood pressure
levels, cognitive tests, and subjective assessment of quality of
life.

Materials and Methods

The present study was conducted on the basis of secondary schools
in Vladikavkaz in the period from September 2023 to March 2024.
The study involved 420 students in grades 9-11, aged 15 to 18
years. The sample population was formed by random selection.
The inclusion criteria were the voluntary informed consent of the
adolescent and his legal representatives, as well as the absence of
a history of organic pathology of the cardiovascular, nervous, and
endocrine systems and severe chronic diseases that could cause the
secondary nature of arterial hypotension. Exclusion criteria
included refusal to participate and the presence of acute illnesses
at the time of the examination.

To solve the tasks set, a set of methods was applied, including
questionnaires, objective clinical examination, psychometric
testing, and a formative experiment (Patatou et al., 2022; Seoane-
Viafio et al., 2024). At the first stage, all participants were
interviewed anonymously using a specially designed questionnaire
validated for the purposes of this study. The questionnaire included
blocks of questions aimed at identifying complaints of an asthenic-
vegetative nature (dizziness, weakness, fatigue, headache), an
assessment of the daily routine (duration and quality of night sleep,
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time of rising and going to bed), the nature of nutrition (regularity
of meals, skipping breakfast), and the level of educational and
psycho-emotional stress. A separate section was devoted to digital
habits: recording the average time of daily use of a smartphone,
computer, and other electronic devices for educational and
entertainment purposes, as well as assessing the presence of bad
habits.

At the second stage, all respondents had their blood pressure (BP)
measured using a standard technique on both hands at rest, after a
five-minute rest, using mechanical tonometers that had passed
metrological verification. The measurements were carried out
three times with an interval of five minutes; the average value of
the obtained indicators was used for analysis. The diagnosis of
primary arterial hypotension was established in accordance with
generally accepted age standards, with systolic and/or diastolic
blood pressure levels below the 5th percentile of the BP
distribution curve for the corresponding age, gender, and height
percentile. Based on the measurement results, all participants were
divided into two groups: the main group consisted of adolescents
with a PAH diagnosis, and the comparison group consisted of
students with normal blood pressure levels.

To assess the effect of PAH on cognitive functions, students from
both groups underwent psychometric testing. A set of validated
methods was used, including a correction test (Bourdon test) to
assess stability and concentration of attention, a 10-word
memorization test to assess short-term verbal memory, and a
Schulte test to assess the speed of attention switching. Academic
performance was assessed based on official data on the average
academic achievement score (GPA) for the previous academic
quarter.

At the third stage, a set of non-drug interventions lasting 3 months
was applied to some of the students in the main group with the
consent of their parents. The complex was individualized and
included the following key components: correction of the daily
routine with an emphasis on normalizing the duration of night
sleep (at least 8-9 hours), recommendations for a balanced diet and
a drinking regime with a mandatory full breakfast.
Recommendations for metered aerobic exercise (daily morning
exercises, walking for at least 40 minutes a day, swimming 2 times
a week) and a course of hydrotherapy in the form of a contrast
shower in the morning took center stage. Discussions were also
held on the rational limitation of the time of using digital devices
in the evening. The students who made up the control group, as
well as the part of the main group that was not included in the
intervention program, continued to be monitored as usual.

Evaluation of the effectiveness of non-drug correction was carried
out after 3 months by repeated measurement of blood pressure,
questionnaires to assess the dynamics of subjective complaints,
and repeated psychometric testing.

Statistical data processing was carried out using the IBM SPSS
Statistics 23.0 application software package. The verification of
quantitative data for the normality of the distribution was carried
out using the Shapiro-Wilk criterion. To compare independent
groups, the Student's t-test was used for data with a normal
distribution and the Mann-Whitney U-test for data with a different
distribution from normal. A paired t-test or Wilcoxon test was used
to compare the indicators before and after the intervention in one
group. The qualitative features were compared using the chi-square
criterion (). The differences were considered statistically
significant at the p < 0.05 level.

Results and Discussion

The conducted research allowed us to obtain a comprehensive
description of the state of health, lifestyle, and effectiveness of
non-drug correction in high school students with primary arterial
hypotension.

Based on the results of screening blood pressure measurements,
out of 420 examined students in grades 9-11, a main group was
formed—128 adolescents with a diagnosis of primary arterial
hypotension (30.5% of the total sample). The comparison group
consisted of 292 students with a normal blood pressure level. The
distribution by gender and age in the groups was comparable,
which excluded the influence of these factors on further analysis.
The average age of participants in the main group was 16.2 + 0.8
years; in the comparison group, it was 16.4 £ 0.7 years. The ratio
of girls and boys in the main group was 2:1 (85 and 43 people,
respectively), which is consistent with the literature data on the
higher prevalence of PAH among female adolescents (Hardy &
Urbina, 2021; Flynn et al., 2022).

The analysis of the questionnaire data revealed statistically
significant differences in lifestyle and subjective complaints
between the groups (Table 1). Adolescents with PAH were
significantly more likely to complain of increased fatigue at school
(94.5% vs. 329% in the comparison group), difficulty
concentrating in class (87.5% vs. 28.1%), episodes of dizziness
when changing body position (78.9% vs. 15.1%), and weather
dependence (82.0% vs. 24.7%). All differences were statistically
significant (p < 0.001).

Table 1. Comparative characteristics of lifestyle and complaints in high school students with PAH and normal BP

Group with primary arterial

Group with normotension

Parameter hypotension (n=128) (n=292) p-value

Average night's sleep duration, hours 6.8+1.2 79+0.9 <0.001

Skip breakfast regularly, % 58.6% (75) 32.2% (94) <0.001

Average gadget usage time (non-academic), hour/day 54+18 39+1.5 <0.001
Complain of increased fatigue, % 94.5% (121) 32.9% (96) <0.001
Complain of dizziness, % 78.9% (101) 15.1% (44) <0.001

They engage in regular physical activity, % 25.8% (33) 61.6% (180) <0.001
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A comparison of cognitive functions showed that students with
PAH showed statistically significantly lower scores on all the tests
performed (Table 2). Thus, the productivity of attention according
to the correction test in the main group was 22.3% lower (p <0.01),

the volume of short—term memory was 18.1% lower (p <0.05), and
the execution time of the Schulte test, reflecting the speed of
attention switching, was 28.5% longer (p < 0.001) compared with
the normotension group.

Table 2. Indicators of cognitive functions in high school students of the studied groups (M + &)

Group with primary arterial

Group with

Cognitive function hypotension (n=128) normotension (n=292) p-value

Concentration of attention (number of characters viewed) 1286.4 £214.7 1655.2 +£285.3 <0.01
Short-term memory (number of words played) 6.8+1.5 83+1.7 <0.05

The speed of switching attention (time of the Schulte test, seconds) 68.5+12.3 49.3+10.8 <0.001

Academic performance, measured by grade point average (GPA),
was also significantly lower in the group of students with PAH.
The average score in the main group was 3.82 + 0.41, while in the
comparison group it was 4.35 £ 0.38 (p < 0.01).

To assess the effectiveness of non—drug correction, a random
sample of 64 students with PAH who underwent a three-month
intervention program was formed. The remaining 64 adolescents
formed a control group within the main cohort that did not receive
targeted recommendations.

Screen time, hour/day [l
Sleep duration. hours [ &7
Complaints of dizziness, %

Complaints of fatigue. %

Diastolic blood pressure, mmHg

Systolic blood pressure, mmHg

m Before the intervention

Following the instructions for three months resulted in a good trend
in the intervention group, as shown in Figure 1. Systolic and
diastolic blood pressure values increased statistically significantly,
although they still fall within the age normotension range. The
frequency of complaints of weariness and dizziness dropped by
more than two and almost four times, respectively, indicating a
clear positive trend in the reduction of the primary subjective
complaints. Additionally, the intervention group's members were
able to decrease their time spent on electronic devices and
considerably extend their average nightly sleep length.
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Figure 1. Dynamics of clinical and physiological parameters in the intervention group before and after the course of non-drug

correction (n=64)

An analysis of the dynamics of cognitive functions (Table 3)
showed that in the group that underwent a course of non-drug
correction, there was a statistically significant improvement in all
the assessed parameters. At the same time, there were no

significant dynamics of attention and memory indicators in the
control group that did not change their lifestyle. The differences in
dynamics between the two groups were significant.

Table 3. Comparative dynamics of cognitive indicators in groups with PAH after 3 months

Intervention group (n=64) Control group (n=64) p-value*
Indicator
Before After Before After
Productivity of attention 1275.3 £205.4 1520.8 £ 198.7 1297.1 £223.9 1310.5+216.3 <0.01
Memory capacity (words) 6.7+1.6 79+1.5 69+14 6.8+1.7 <0.05
Schulte test time (sec) 69.2+11.8 53.1+£10.5 67.8+12.9 663+11.2 <0.001

Note: *The p-value is calculated to compare the dynamics (A) between the intervention and control groups.

Following the findings of the research period during which the
correction was made, the students in the intervention group showed
a notable increase in their academic performance, as shown in
Table 4. The mean GPA score in the normotension group and the

PAH control group did not change significantly during the same
time period.
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Table 4. The impact of non-drug correction on academic performance (average GPA)

Group Average score before the intervention Average score after the intervention p-value
Intervention Group (n=64) 3.81+0.43 4.18+0.39 <0.01
Control Group (PAH) (n=64) 3.83+0.40 3.85+£0.42 >0.05
Normotension Group (n=292) 4.35+0.38 4.37+0.41 >0.05

Thus, the results obtained indicate a pronounced negative effect of
primary arterial hypotension on the quality of life, cognitive
functions, and academic performance of high school students.
Comprehensive non-drug correction of the daily routine, physical
activity, and digital habits has shown high clinical and functional
effectiveness, which is confirmed by the positive dynamics of both
objective physiological parameters and subjective indicators
(Abdelmubhsin et al., 2022; Fiodorova et al., 2022; Zakinyan et al.,
2023; Negreiros et al., 2024).

The conducted study allowed us to obtain comprehensive data on
the prevalence, risk factors, and consequences of primary arterial
hypotension in high school students, as well as to evaluate the
effectiveness of non-drug methods for correcting this condition.
The results obtained require a multidimensional analysis in the
context of modern scientific concepts of vegetative regulation in
adolescents.

The revealed prevalence of PAH at the level of 30.5% corresponds
to the upper limit of the data presented in modern literary sources,
where this indicator varies from 10% to 30% in the adolescent
population (de Simone ef al., 2022; Dursun et al., 2022; Medeiros
et al., 2023). Such a high prevalence in the study sample can be
explained by the combined effect of several factors. Students in
grades 9-11 are under chronic stress due to high academic
workload and preparation for final assessment, which creates an
increased burden on the neurovegetative system and can provoke
its dysfunction. In addition, the influence of regional peculiarities
cannot be excluded, including climatic and geographical factors
and the specifics of the educational process in a particular region.

The analysis of lifestyle factors associated with PAH deserves
special attention. The data obtained convincingly demonstrate that
modern adolescents with arterial hypotension significantly sleep
less, spend significantly more time watching gadget screens for
non-educational purposes, skip main meals more often, and are
characterized by low physical activity compared to their
normotensive peers. These findings are fully consistent with
studies emphasizing the role of sleep deprivation and physical
inactivity in the pathogenesis of autonomic disorders (Flynn, 2022;
Urbina et al., 2023; Astudillo et al., 2024). Chronic sleep
deprivation disrupts the circadian rhythms of the production of key
neurotransmitters and hormones that regulate vascular tone.
Prolonged use of digital devices, especially in the evening,
exacerbates this problem by suppressing melatonin secretion and
leading to overexcitation of the nervous system, which eventually
depletes its adaptive reserves (Jones et al., 2021; Muppalla et al.,
2023; Hartstein et al., 2024).

The study's most important and alarming findings include an
objective assessment of the influence of PAH on cognitive function
and academic achievement. The observed decrease in attention
production, volume of short-term memory, and speed of attention

switching in high school adolescents with hypotension has a
straightforward and rational pathophysiological explanation. A
sustained decline in blood pressure naturally leads to a decrease in
cerebral perfusion and moderate chronic hypoxia of brain tissue,
which predominantly negatively affects the functioning of the
hippocampus and prefrontal cortex, regions crucial for memory,
concentration, and executive functions (Gastaud et al., 2023;
Presta et al., 2024; Maia et al., 2025). This is further supported by
the finding that blood pressure measures and cognitive test scores
have an inverse relationship. As a result of these
neurophysiological abnormalities, the average academic success
score (GPA) declines objectively, highlighting the problem's
substantial socio-educational as well as medical implications
(Baklanov et al., 2020; Morosanova et al., 2023; Merino-Soto et
al., 2024). Due to functional difficulties, adolescents with PAH
who do not have an organic disease may unintentionally be placed
in an academic risk category. Teachers and school psychologists
need to pay more attention to these adolescents.

The key conclusion of this study is the proven high effectiveness
of the developed complex of non-medicinal interventions. Positive
dynamics were observed not only at the level of key physiological
parameters (stabilization of blood pressure), but also, most
importantly, in reducing subjective symptoms and improving
cognitive functions. The improvement in attention and memory
indicators in the intervention group is likely a direct consequence
of improved cerebral hemodynamics against the background of
normalization of the daily routine, increased sleep duration, and
dosed physical activity. Aerobic exercise, such as swimming and
hiking, acts as a natural vasotraining factor, contributing to the
improvement of vascular tone and endothelial function. Reducing
the time spent using gadgets, especially in the evening, has led to
the normalization of sleep architecture, which in itself is a powerful
factor in restoring cognitive resources and stabilizing vegetative
status.

It is important to note that in the control group that did not receive
interventions, there were no significant dynamics in any of the
studied parameters, which indicates the stability of the condition
and the absence of a placebo effect, and also confirms the need for
a targeted and structured approach to PAH correction.

Conclusion

Thus, the results of the study allow us to draw the following
conclusions. First, primary arterial hypotension is a widespread
condition among high school students, closely associated with
maladaptive behaviors (chronic lack of sleep, physical inactivity,
and excessive use of digital devices). Secondly, PAH has a
significant negative impact on cognitive functions, which
objectively affects a decrease in academic performance. Thirdly, a
set of non-drug interventions, including optimization of sleep

patterns, nutrition, physical activity, and digital habits,
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demonstrates high clinical and functional effectiveness, leading to
normalization of blood pressure levels, improvement of well-
being, and restoration of cognitive potential of adolescents. The
data obtained substantiate the need to introduce blood pressure
screening programs and preventive educational programs on
occupational health and recreation in general education schools in
order to timely identify and correct risk factors for the development
of autonomic dysfunction.
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