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Arterial hypertension consƟ tutes one of the greatest public health challenges of the 
21st century. Its role in the eƟ ology of cardiovascular diseases (CVD), such as myocardial 
infarcƟ on, stroke, and heart failure, has been repeatedly confi rmed in epidemiological 
and clinical studies. In recent years, changes have been observed in both the defi niƟ on 
and classifi caƟ on of hypertension, as well as in approaches to pharmacological and non-
pharmacological treatment, as refl ected in the new ESC 2024 guidelines. This paper reviews 
current blood pressure classifi caƟ on criteria, compares European and American guidelines, 
summarizes therapeuƟ c changes, and discusses populaƟ on-specifi c determinants—
including those concerning military pilots—in the context of pathophysiology and aviaƟ on 
medicine.
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cardiovascular events [10]. Long-term maintenance 
of elevated BP values also leads to kidney damage 
and hypertensive reƟ nopathy. ParƟ cularly 
dangerous is so-called silent organ damage, which 
may remain asymptomaƟ c for many years and result 
in sudden cardiovascular events [17,1]. Accordingly, 
global CVD risk assessment in individuals with HT 
should take into account coexisƟ ng factors such as 
tobacco use, dyslipidemia, diabetes, and a family 
history of cardiovascular disease.

Epidemiology and blood pressure 
classifi cations

The epidemiology of arterial hypertension indicates 
its rising global prevalence, currently exceeding 1.28 
billion adults, a substanƟ al proporƟ on of whom are 
unaware of their hypertensive status [29,30]. In low- 
and middle-income countries, the burden of this 
condiƟ on is greatest, parƟ cularly due to limited access 
to treatment [29,30]. The PURE study demonstrated 
that modifi able risk factors, including hypertension, 
account for the majority of cardiovascular disease 
cases and deaths worldwide [31].

Guidelines defi ning both BP thresholds and 
therapeuƟ c strategies vary across geographic 
regions and scienƟ fi c socieƟ es. Beyond their 
educaƟ onal and managerial roles, clinical 
guidelines consƟ tute an important tool supporƟ ng 
decision-making at the system level and oŌ en form 
the basis for legal regulaƟ ons and insƟ tuƟ onal 
recommendaƟ ons in health care. In clinical 
pracƟ ce, however, physicians are confronted with 
mulƟ ple recommendaƟ on documents addressing 
the same issue, authored by various naƟ onal and 
internaƟ onal scienƟ fi c socieƟ es. In the fi eld of 
arterial hypertension, available documents include 
European and Polish [11,14,20], North American 
[28], Asian [24,27], and global [25] guidelines.

Signifi cant discrepancies in BP classifi caƟ on and 
nomenclature existed for several years between 
the American recommendaƟ ons (2017 ACC/AHA 
classifi caƟ on) and the ESC/ESH 2018 guidelines 
[28,29]. According to the ACC/AHA guidelines, BP 
was classifi ed as follows:

Normal < 120 and < 80 mmHg

Elevated 120–129 and < 80 mmHg

Hypertension, Stage 1 130–139 or 80–89 mmHg

Hypertension, Stage 2 ≥ 140 or ≥ 90 mmHg

Hypertensive crisis ≥ 180 and/or ≥ 120 mmHg

INTRODUCTION

In aviaƟ on medical cerƟ fi caƟ on, blood pressure 
(BP) values in pilots are considered primarily as 
limits for fl ight eligibility rather than as thresholds 
for iniƟ aƟ ng treatment according to the current 
version of ESC 2024 guidelines. This applies 
parƟ cularly to pilots of high-maneuverability 
aircraŌ  that generate substanƟ al +Gz 
acceleraƟ ons. BP measured at the head/eyes level 
is a key determinant of a pilot’s tolerance to these 
condiƟ ons. Methods to improve acceleraƟ on 
tolerance include the use of anƟ -G suits and 
breathing/straining techniques and maneuvers 
aimed at maintaining adequate cerebral blood 
fl ow. Therefore, baseline BP prior to exposure 
to +Gz acceleraƟ on is parƟ cularly important. 
This creates a dilemma for aviaƟ on physicians 
and examiners, who must balance adherence to 
clinical guidelines against the potenƟ al benefi ts of 
maintaining higher BP values in pilots in exchange 
for improved tolerance of +Gz acceleraƟ on.

Arterial hypertension (HT) is a complex disease 
with a mulƟ faceted pathophysiology involving 
interacƟ ons among the vascular, nervous, and 
hormonal systems, as well as the kidneys. The 
pathomechanism is primarily driven by a sustained 
increase in peripheral arterial resistance, oŌ en 
accompanied by dysregulaƟ on of cardiac output 
and renal dysfuncƟ on, parƟ cularly with respect 
to water–electrolyte (sodium) homeostasis [17]. 
The sympatheƟ c nervous system and the renin–
angiotensin–aldosterone system (RAAS) play 
key roles in the development of HT; endothelial 
dysfuncƟ on, immune mechanism, and gut dysbiosis 
have also been implicated [12,17]. GeneƟ c factors 
must also be considered. High concordance rates 
of hypertension in monozygoƟ c twins indicate 
a strong hereditary component [19]. Increasing 
aƩ enƟ on is being directed towards the phenotypic 
heterogeneity of hypertension, including, inter alia, 
early-onset disease, a reno-vascular phenotype 
(characterized by concomitant impairment of 
renal and vascular funcƟ on), and disturbances 
of the circadian blood pressure rhythm (such as 
the absence of nocturnal decline—non-dipping). 
IdenƟ fying these phenotypes may be important 
both for individualizing therapy and for precise 
assessment of cardiovascular risk [11,14].

Regardless of underlying pathomechanism, 
arterial hypertension is a major cardiovascular risk 
factor contribuƟ ng to accelerated atherosclerosis, 
leŌ  ventricular hypertrophy, heart failure, and 
stroke. Studies such as the Framingham Heart 
Study have demonstrated a direct relaƟ onship 
between the degree of BP elevaƟ on and the risk of 
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observed in paƟ ents with high baseline risk. In this 
group, anƟ hypertensive therapy may be iniƟ ated 
already at moderately elevated BP values, before 
reaching 140/90 mmHg which is the tradiƟ onal 
European threshold for hypertension.

ESC experts also emphasize that the risk of 
cardiovascular complicaƟ ons increases gradually 
even at lower BP values, rendering arbitrary 
diagnosƟ c thresholds only approximate guides 
[14]. For this reason, terms implying an ideal 
health status, such as “opƟ mal” or “normal,” 
were removed from the nomenclature so as not 
to diminish the importance of healthy lifestyle 
behaviors even at low BP levels.

The update of target systolic BP values is 
based on recent clinical trial data demonstraƟ ng 
that BP reducƟ on leads to a signifi cant decrease 
in cardiovascular risk. Consequently, in most 
paƟ ents receiving anƟ hypertensive therapy, the 
newly recommended target systolic BP range is 
120–129 mmHg across broad populaƟ ons eligible 
for treatment. Therapy should be individualized, 
and BP should be lowered to these only if well 
tolerated. For older adults (≥85 years), paƟ ents 
with symptomaƟ c orthostaƟ c hypotension, frailty, 
or limited life expectancy, less stringent targets 
(the “lowest level reasonably achievable”) may be 
appropriate.

This represents a signifi cant departure from 
previous European recommendaƟ ons, which 
were based on a two-step strategy, iniƟ ally 
recommending a target of below 140/90 mmHg 
and subsequently aiming for values below 130/80 
mmHg once iniƟ al control had been achieved.

Another new element of the ESC 2024 
guidelines is the category of “suffi  ciently high-risk 
cardiovascular paƟ ents,” which jusƟ fi es iniƟ aƟ on 
of treatment even in cases of high-normal BP [14].

Treatment of arterial hypertension
The trea tment of arterial hypertension includes 

both non-pharmacological and pharmacological 
intervenƟ ons. The ESC 2024 guidelines place strong 
emphasis on lifestyle modifi caƟ on, including 
weight reducƟ on, salt restricƟ on, increased 
physical acƟ vity, and smoking cessaƟ on [14]. Such 
intervenƟ ons are recommended for all paƟ ents, 
regardless of BP level, and should be undertaken 
in parallel with pharmacotherapy.

Pharmacotherapy should be applied in paƟ ents 
with BP ≥140/90 mmHg and, in some cases, already 
at 130–139/85–89 mmHg if high cardiovascular 
risk is present. Treatment usually begins with 
single-pill combinaƟ on therapy containing two or 
three agents—typically an angiotensin-converƟ ng 

According to ESC/ESH, BP ranges were defi ned 
as:
OpƟ mal < 120 and < 80 mmHg
Normal 120–129 and/or 80–84 mmHg
High normal 130–139 and/or 85–89 mmHg
Grade 1 hypertension 140–159 and/or 90–99 mmHg

Grade 2 hypertension 160–179 and/or 100–109 
mmHg

Grade 3 hypertension ≥ 180 and/or ≥ 110 mmHg
Isolated systolic 
hypertension ≥ 140 and < 90 mmHg

A new approach to defi ning hypertension 
and to therapeutic decision-making

Advances in research and clinical trial evidence 
lead to frequent updates of clinical guidelines. 
While these updates allow pracƟ Ɵ oners to rely on 
current evidence, they may also cause confusion 
and diffi  culƟ es in selecƟ ng the most appropriate 
recommendaƟ ons for a specifi c paƟ ent. 
Diff erences in defi niƟ ons, therapeuƟ c targets, and 
intervenƟ on strategies among documents hinder 
a uniform therapeuƟ c approach and may hinder 
guideline implementaƟ on in daily clinical pracƟ ce.

The ESC 2024 guidelines introduce important 
changes in the classifi caƟ on and treatment of 
arterial hypertension [14]. BP values are defi ned 
as follows: non-elevated BP: systolic <120 mmHg 
and diastolic <70 mmHg; elevated BP: systolic 120–
139 mmHg or diastolic 70–89 mmHg; and arterial 
hypertension: systolic ≥140 mmHg and/or diastolic 
≥90 mmHg.

These guidelines propose a simplifi ed and more 
transparent approach not only to classifi caƟ on but 
also to therapeuƟ c decision-making in hypertension 
management. This approach results from a revised 
categorizaƟ on of BP values and cardiovascular 
risk assessment. A key change is a shiŌ  away from 
rigid thresholds in favor of greater consideraƟ on of 
the individual paƟ ent profi le, including treatment 
tolerance and comorbidiƟ es. In contrast to the 
American approach (ACC/AHA), which lowered 
the diagnosƟ c threshold for hypertension, the ESC 
maintained the classical defi niƟ on, indicaƟ ng that 
above this level, clear benefi ts from treatment have 
been demonstrated in most adults. At the same 
Ɵ me, the concept of “elevated” BP was introduced, 
which does not yet denote hypertension but 
necessitates cardiovascular risk assessment and 
consideraƟ on of intervenƟ on.

These recommendaƟ ons are based on robust 
clinical evidence demonstraƟ ng that lower BP is 
associated with a reduced risk of cardiovascular 
events, with the greatest therapeuƟ c benefi ts 
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and contribute to the accelerated development of 
hypertension and its progression or resistance to 
treatment.

+Gz acceleraƟ ons lead to the redistribuƟ on of a 
substanƟ al volume of blood to the lower half of the 
body, parƟ cularly the lower limbs, and to reduced 
cerebral perfusion. Refl ex sympatheƟ c acƟ vaƟ on 
results in a rapid rise in BP, which, in the case of 
repeated exposures, may become persistent [9].

ConƟ nuous exposure to high-intensity noise, 
especially at low frequencies, leads to acƟ vaƟ on 
of the hypothalamic–pituitary–adrenal (HPA) 
axis, increased concentraƟ ons of corƟ sol and 
catecholamines, and an increase in peripheral 
resistance and sodium retenƟ on [15].

VibraƟ on exposure, common during helicopter 
operaƟ ons and in armored vehicles, aff ects 
propriocepƟ ve receptors and the autonomic nervous 
system, adversely infl uencing BP regulaƟ on [9].

Hypoxia acƟ vates arterial chemoreceptors, 
oxidaƟ ve stress, and endothelial dysfuncƟ on, 
intensifying vasoconstricƟ on and vascular remodeling 
[18].

Chronic psychological stress also plays an 
important role in the development and progression 
of arterial hypertension [13]. HPA axis acƟ vaƟ on 
in response to stressors increases corƟ sol, 
adrenaline, and noradrenaline, elevaƟ ng BP via 
enhanced sympatheƟ c acƟ vity, sodium retenƟ on, 
and vascular changes [22].

Long-term exposure to stress also contributes 
to chronic overload of the systems regulaƟ ng 
blood pressure. Studies have shown a correlaƟ on 
between high levels of occupaƟ onal or social stress 
and higher systolic and diastolic BP, independent 
of other risk factors [13,22]. Chronic stress is also 
associated with impaired heart-rate variability 
(HRV), indicaƟ ng an imbalance in the autonomic 
nervous system, with reduced vagal acƟ vity and 
sympatheƟ c predominance [8]. Reduced HRV is a 
prognosƟ c marker of increased cardiovascular risk 
and of hypertension progression, especially in young 
individuals and in occupaƟ onal groups exposed to 
strong stressors, such as military jet pilots [8].

Stress also aff ects molecular mechanisms 
through epigeneƟ c changes. Chronic stress 
acƟ vaƟ on has been shown to lead to methylaƟ on 
of genes encoding glucocorƟ coid receptors, RAAS 
enzymes, and sodium-transport proteins, resulƟ ng 
in permanent changes in the geneƟ c expression of 
blood pressure regulaƟ on systems [5,7,23].

From the perspecƟ ve of aviaƟ on medicine, 
chronic stress should be regarded as a key 
independent risk factor for the development of 
hypertension.

enzyme inhibitor (ACE-I) or an angiotensin receptor 
blocker (ARB) in combinaƟ on with a thiazide-like 
diureƟ c and/or a calcium-channel blocker [14].

Another novelty in ESC 2024 guidelines is 
the emphasis on treatment targeƟ ng vascular 
sƟ ff ness and blood pressure control during the 
night and early morning hours, especially in high-
risk groups [14]. In paƟ ents resistant to treatment, 
spironolactone, other diureƟ cs, centrally acƟ ng 
agents, or intervenƟ ons such as renal denervaƟ on 
should be considered [2,3].

Importance of treatment personalization
The ESC 2024 guidelines emphasize the 

importance of personalized treatment, taking 
into account age, risk of complicaƟ ons, therapy 
tolerance, and paƟ ent preferences. In the 
populaƟ on of military pilots, it is crucial to 
avoid medicaƟ ons that may aff ect psychomotor 
funcƟ on, circadian rhythm, level of alertness, or 
the ability to respond under high-stress condiƟ ons. 
Calcium-channel blockers and beta-blockers may 
have limitaƟ ons that should be considered in close 
cooperaƟ on with aviaƟ on physicians.

It should be emphasized, however, that 
progress in the treatment of arterial hypertension 
encompasses not only refi nement of classical 
anƟ hypertensive drugs but also the development 
of intervenƟ onal and targeted methods. One of 
the most promising strategies is renal denervaƟ on 
(RDN), a percutaneous endovascular catheter-based 
neuromodulaƟ on approach that enables ablaƟ on of 
renal sympatheƟ c nerve fi bers within the advenƟ Ɵ al 
layer of the renal arteries using radiofrequency, 
ultrasound, or neurolyƟ c agents. RDN has shown 
effi  cacy in lowering BP, parƟ cularly in paƟ ents with 
treatment-resistant hypertension [2].

Research is also ongoing on gene therapy and 
biologic agents that modulate the RAAS (renin–
angiotensin–aldosterone system), and on the 
role of the gut microbiome in BP regulaƟ on. 
The introducƟ on of devices for conƟ nuous BP 
monitoring (e.g., subcutaneous implants) may also 
revoluƟ onize approaches to assessing treatment 
eff ecƟ veness and personalizing therapy [12].

Arterial hypertension in pilots
Military pilots are a unique populaƟ on in 

whom arterial hypertension may have serious 
consequences for both fl ight safety and crew health. 
Due to the nature of their work, pilots are exposed 
to numerous factors aff ecƟ ng the cardiovascular 
system, such as G-force acceleraƟ ons, noise, 
vibraƟ on, hypoxia, and chronic stress [9,15]. These 
factors may lead to increases in blood pressure 
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paƟ ents, provided it is well tolerated. This 
represents a signifi cant change from the previous 
two-step treatment regimen and aims to reduce 
the risk of cardiovascular events in the general 
populaƟ on. However, from the perspecƟ ve of 
aviaƟ on medicine, this target may be controversial. 
Lowering systolic BP to such low levels in individuals 
fl ying high-maneuverability aircraŌ  (e.g., fi ghter 
pilots) carries a risk of impaired cerebral perfusion 
and transient neurological defi cits (including 
G-LOC) and therefore requires cauƟ ous individual 
adjustment.

Dilemma: treatment of hypertension vs. 
fi tness to fl y

Establishing precise therapeuƟ c goals, such as 
achieving BP values of 120/80 mmHg, may lead 
to situaƟ ons in which a pilot with hypertension 
undergoing pharmacological treatment is declared 
temporarily unfi t to fl y or reassigned to other duƟ es. 
This creates dissonance between the principles of 
primary and secondary prevenƟ on, guidelines and 
therapeuƟ c targets that are appropriate from a 
clinical perspecƟ ve, and operaƟ onal requirements 
and combat readiness. Therefore, it is necessary to 
develop specifi c decision algorithms that take into 
account both cardiovascular risk and the specifi c 
demands of military aviaƟ on service.

CONCLUSIONS FOR AVIATION MEDICINE

In the context of aviaƟ on medicine, arterial 
hypertension remains a signifi cant risk factor 
that directly aff ects fi tness-for-duty decisions. In 
accordance with EASA guidelines [4] and NATO 
STANAG 3526 [16], detecƟ on of hypertension or 
the need to iniƟ ate drug therapy may result in 
unfavorable cerƟ fi caƟ on decisions if health status 
is not adequately controlled. Studies conducted in 
the Polish Air Force [6] and the German Bundeswehr 
[21] indicate that regular BP monitoring and 
implementaƟ on of prevenƟ ve measures are crucial 
for maintaining pilots’ operaƟ onal capability. U.S. 
Air Force guidance [26] likewise emphasizes the 
necessity of individualized risk assessment and the 
applicaƟ on of treatment in accordance with the 
most recent ESC and ACC/AHA recommendaƟ ons.

The new ESC 2024 guidelines pose a challenge 
to the medical services of the armed forces but 
also open the way to redefi ning cardiovascular 
prevenƟ on among fl ight personnel. The key 
conclusions are as follows:
1) Update naƟ onal aviaƟ on medical regulaƟ ons to 

refl ect the latest ESC recommendaƟ ons.

Long-standing BP elevaƟ on results in 
target-organ damage. Typical changes include 
leŌ  ventricular hypertrophy, microalbuminuria, 
reƟ nal vascular changes, and brain injury (including 
leukoaraiosis and microbleeds) [17]. Importantly, 
these changes may develop subclinically, which 
makes e arly detecƟ on and appropriate intervenƟ on 
crucial—even when BP only slightly exceeds the 
normal range [17].

Implications of the 2024 ESC guidelines 
for the treatment of arterial hypertension 
in military pilots

Requirements in aviaƟ on medicine diff er 
depending on the country. NATO STANAG 3526 
and EASA guidelines emphasize the necessity of 
maintaining BP <140/90 mmHg and good tolerability 
of anƟ hypertensive medicaƟ ons, parƟ cularly with 
regard to psychomotor funcƟ ons and G-tolerance 
[4,16]. Ambulatory blood pressure monitoring 
(ABPM) is recommended, along with assessment 
of cardiac, renal, and neurological status in pilots 
with diagnosed hypertension. Treatment should be 
carried out by specialists, with consideraƟ on given 
to minimizing side eff ects [4].

In Poland, qualifi caƟ on for fl ying duty 
addiƟ onally takes into account requirements 
arising from the Ministry of NaƟ onal Defence 
regulaƟ ons and naƟ onal guidelines. According 
to these regulaƟ ons, a diagnosis of hypertension 
treated pharmacologically may result in temporary 
disqualifi caƟ on from fl ying, and in the absence 
of BP control, even permanent loss of fi tness 
for fl ying duƟ es. The new ESC 2024 guidelines 
promote a more intensive therapeuƟ c approach. 
This may lead to more frequent idenƟ fi caƟ on of 
individuals who meet criteria for intervenƟ on, 
including those previously classifi ed as high-normal 
BP. In parƟ cular, the category of “elevated blood 
pressure” (120–139/70–89 mmHg) is considered 
clinically relevant. Although it does not consƟ tute 
a diagnosis of hypertension, the coexistence 
of addiƟ onal cardiovascular risk factors may 
indicate the need to iniƟ ate treatment, including 
pharmacotherapy. In military pilots, such decisions 
may infl uence aeromedical cerƟ fi caƟ on decisions 
and medical board determinaƟ ons.

In complex cases, temporary disqualifi caƟ on or 
clearance to fl y with restricƟ ons may be considered. 
Early idenƟ fi caƟ on of a pre-hypertensive state 
and modifi caƟ on of risk factors are crucial for 
maintaining full operaƟ onal capability [14].

The ESC 2024 guidelines recommend a lower 
therapeuƟ c target for systolic BP—120–129 
mmHg—in most pharmacologically treated 
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4) Establish an expert group to defi ne safety 
limits for pharmacotherapy in the context of 
cerƟ fi caƟ on regulaƟ ons.

2) Implement screening procedures to idenƟ fy 
pilots with “elevated BP” and high cardiovascular 
risk before overt hypertension develops.

3) Develop non-pharmacological strategies 
(lifestyle, environmental intervenƟ ons) as fi rst-
line measures in young pilots.
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