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ABSTRACT
Hypertensive Cardiovascular Disease is a complex, multifactorial, and chronic illness, frequently beginning 
during childhood or adolescence, could develop functional and/or structural cardiovascular organ damage by 
the increase of the volume/pressure level and the arterial stiffness, even before it exceeds the “normal” systolic 
and diastolic blood pressure levels. In the last decades, the pulsatile arterial function has been increasingly 
recognized as a major determinant of cardiovascular risk. It is known that hypertension is the most prevalent 
independent risk factor for atrial fibrillation in the population. Both structural remodelling and subsequent 
electrophysiological changes by atrial fibrosis constitute an arrhythmogenic substrate for the induction and 
maintenance of atrial fibrillation.

Atrial fibrillation has been associated with stroke, heart failure, and cardiovascular mortality. The research of 
non-antiarrhythmic drugs is a new and very interesting field of challenges to prevent atrial fibrillation onset 
and control recurrences.

The study aimed to know if there is some limit of age to make an effective treatment, and which systolic and 
diastolic values are necessary to achieve to stop atrial fibrillation. 
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Background
Hypertensive Cardiovascular Disease is a complex, multifactorial, 
and chronic illness, frequently beginning during childhood 
or adolescence, could develop functional and/or structural 
cardiovascular organ damage by the increase of the volume/
pressure and the arterial stiffness, even before it exceeds the 
“normal” systolic and diastolic blood pressure levels [1,2].

In the last decades, the pulsatile arterial function has been 
increasingly recognized as a major determinant of cardiovascular 
risk. It is known that Hypertensive Cardiovascular Disease, 
frequently named arterial hypertension, is the most prevalent 
independent risk factor for atrial fibrillation in the population. 
Both structural remodelling and subsequent electrophysiological 
changes by atrial fibrosis constitute an arrhythmogenic substrate 
for the induction and maintenance of atrial fibrillation. Atrial 
fibrillation has been associated with stroke, heart failure, and 
cardiovascular mortality. It has been shown that even in the 
normotensive range, the incidence of cardiovascular disease 
progressively increases from optimal to normal to high-normal 
blood pressure values [3].
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“Normal” blood pressure is the threshold that does not cause 
cardiovascular damage, even today we are far from knowing the 
true limit values. Therefore, to diagnose arterial hypertension, the 
actual cut-off values of systolic and diastolic blood pressure could 
be relatives.

The last Guidelines on arterial hypertension of the European Society 
of Hypertension and the International Society of Hypertension 
(2018) fixed the new limits into 130/80 mmHg, [4] but maybe it is 
not definitive probably because it could be less. 

Atrial Fibrillation is a frequent complication of arterial 
hypertension, coronary heart disease, and valvular heart disease, it 
is the most frequently encountered arrhythmia in clinical practice 
with a global prevalence of 2-3%, furthermore it involves an 
increased risk of stroke and/or heart failure, and in particular of 
sudden cardiac death [5-7].

It was Middlekauff et al. first to report an increased risk of sudden 
cardiac death in patients with atrial fibrillation associated with 
advanced heart failure [8]. The pathophysiological mechanism 
has not yet been well defined [2]. Atrial fibrillation is a frequent 
complication of arterial hypertension affecting approximately 
9 million European citizens aged >55 years in 2010 and with 
prevalence estimates exceeding 18 million by 2060 [9].

Harmful effects of angiotensin
Angiotensin II is undoubtedly one of the most powerful vasopressor 
substances known, it is able to regulate cardiac contractility [10], 
cell coupling and impulse propagation [11-14], as well as being 
responsible for remodeling and induction of apoptosis [15,16].

Furthermore, Angiotensin II stimulates collagen synthesis, 
extracellular matrix remodeling, vascular hypertrophy, increases 
oxidative stress and reduces elastin production in the vascular 
wall. The angiotensin receptor blockers (ARBs), have been shown 
to be very effective in controlling blood pressure and reducing 
cardiovascular morbidity and mortality and as such, ARBs have 
been recommended in all the arterial hypertension treatment 
guidelines. 

An interaction between angiotensin II and aldosterone has been 
demonstrated, since some of the cellular effects of angiotensin II 
occur through aldosterone-dependent pathways, [17] for example, 
Angiotensin II and aldosterone synergistically induce smooth 
muscle cell proliferation [18].

Harmful Effects of Aldosterone
Aldosterone is now considered a major cardiovascular-risk steroid 
hormone, it exerts its effects through genomic and nongenomic 
pathways. The harmful effects of aldosterone are innumerable 
particularly in presence of salt: 

Increase sympathetic nervous system activation [19], myocardial 
calcium channel expression, and myocardial apoptosis, produce 

glucose intolerance and insulin resistance, decrease sodium 
excretion and increase the filling pressure by water retention, 
impairs endothelial function by oxidative stress which would 
alter diastolic function by myocardium stiffness and induce to 
heart failure status, produce inflammation that contributes to the 
development of renal, left ventricular interstitial, and atrial fibrosis 
with subsequent remodeling-induced electrical instability that 
promotes the development of arrhythmias such as new-onset atrial 
fibrillation [20-25].

Arrhythmias developed by hypokalemia and expression of 
myocardial calcium channels [26,27], increase atrial fibrosis with 
subsequent structural remodeling developing a substrate for atrial 
arrhythmias [28] from electrical instability promoting new-onset 
atrial fibrillation [29,30].

The phenomenon of "aldosterone escape" occurs even in the 
presence of a combination therapy with Angiotensin II Converting 
Enzyme Inhibitors and ARBs [31].

Changes in atrial electrical properties occur early in Hypertensive 
Cardiovascular Disease, preceding the appearance of left ventricular 
and left atrial enlargement [32], and this electrical instability was 
shown to promote the development of atrial fibrillation [29,30]. 

The antihypertensive effect of hypotensive drugs is consistently 
associated with a reduction in cardiovascular incidents and 
mortality in patients with hypertension [33]. Aldosterone receptor 
antagonism appears to be a potential therapeutic option for atrial 
fibrillation [30]. The research of non-antiarrhythmic drugs that 
act both on the electrical and mechanical atrial remodelling, that 
constitutes the substrate of arrhythmia, is a new and very interesting 
field of challenge to prevent its onset and to control recurrences. 

Objective
The study aimed to know if there is some limit of age to start an 
effective treatment, and which systolic and diastolic values are 
necessary to achieve to stop the onset of atrial fibrillation. 

Design & Methods
This cross-sectional and observational sub-study comes from a 
precedent study with 1500 patients divided into three groups of 
therapy: ARB + MRA, ARB alone, and ARB + hydrochlorothiazide 
[34]. For this study, 500 patients were enrolled, 328 women 
(65.6%), and 172 men (34.4%), diagnosed as hypertensive patients 
with normal kidney function, treated with the association of ARB 
+ MRA, without the addition of anti-arrhythmic drugs, during 6 or 
more months of therapy, both sexes, initially divided into 4 groups.

Group A: (Without AF → With AF)
Patients with no history of atrial fibrillation episodes or brief 
phases of atrial fibrillation in the 24-hour Holter monitoring who 
during the above-mentioned therapy have recorded the onset of 
atrial fibrillation even in brief phases.
N = 0
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Group B: (Without AF → Without AF)
Patients with no history of atrial fibrillation episodes or brief 
phases of atrial fibrillation in the 24-hour Holter monitoring who 
continued without atrial fibrillation episodes or brief phases in the 
24-hour Holter during therapy.
N = 407 (81.4%)

Group C: (With AF → Without AF)
Patients with a history of atrial fibrillation episodes or brief phases 
of atrial fibrillation in the 24-hour Holter monitoring who have 
not had episodes of atrial fibrillation or brief phases in the 24-hour 
Holter monitoring during therapy.
N = 76 (15.2%)

Group D: (With AF → With AF)
Patients with a history of AF episodes or brief phases of atrial 
fibrillation in the 24-hour Holter monitoring who during therapy 
had episodes of atrial fibrillation or brief phases in the 24-hour 
Holter monitoring.
N = 17 (3.4%)

In this work we will refer only to hypertensive patients with and 
without complications of atrial fibrillation; we have not recorded 
patients with overt ischemic heart disease or valvular disease more 
important than minimal mitral, aortic, or tricuspid regurgitation.

Non-Invasive Arterial Tonometry 
Central Haemodynamic Parameters were measured in mmHg. 

Augmentation Index adjusted to 75 beats/min was measured in 
percentage. All data were recorded by the SphygmoCor PVX 
device (AtCor Medical, Inc, Australia), software version 9, a 
validated pulse wave analysis system using high-fidelity technique 
with appropriate computer software and a generalized transfer 
function, measured according to established protocols with 
operator index ≥85%. In addition, differences between observed 
values ​​and normal levels of Augmentation Index (Diff-AIx) were 
assessed according to normal ranges for sex and age.

Statistical Analysis
Continuous variables were summarized using descriptive statistics. 
Data are expressed as mean + standard deviation. Categorical 
variables were summarized using patient counts and percentages. 
Differences between the means of systolic and diastolic blood 
pressure and central haemodynamic parameters in the treatment 
groups, both sexes, were compared using Student's t-test for 
independent samples. Statistical tests were two-sided and the 
alpha level was set at 0.05. All analyses were performed using 
SAS version 9.4 software.

Results
As can be seen in Table 1, no patients were registered in group 
A. The largest group was the group B. A decrease in systolic 
and diastolic blood pressure was found between the first and last 
register representing the beginning of therapy and the last value 
in the patient's medical record, in groups B, C, and D, both sexes. 
In no case was it necessary to suspend therapy in patients, except 

Table 1: In the 4 groups, 1° and 2° control of systolic and diastolic blood pressure and their difference.
Gender A F n Age 1°SPC 1°DPC 2°SPC 2 DPC SP-Diff DP-Diff
A-Women Without → With 0
A - Men Without → With 0
B-Women Without→Without 268 57.6 141.4 85.1 121.9 75.0 19.5 10.1
Range 22-89 95-210 55-120 80-190 50-110
S D 12.4 19.8 9.3 17.2 8.9
B - Men Without→Without 139 56.8 135.6 85.0 119.4 74.8 16.2 10.2
Range 19-92 100-180 60-120 90-160 60-100
S D 13,9 15,8 11,2 14,1 8,5
C-Women With → Without 51 65.4 139.8 82.6 119.3 70.9 20.5 11.7
Range 33-89 100-195 65-105 90-160 55-90
D S 12.1 22.1 9.5 15.3 8.5
C - Men With → Without 25 65.7 143.0 81.3 122.4 72.2 20.6 9.1
Range 38-79 110-200 60-105 100-170 60-90
S D 10.1 17.5 10.5 17.5 9.7
D-Women With → With 9 68.4 143.3 84.4 128.3 77.0 15.0 7.4
Range 61-77 125-170 70-110 100-150 60-90
S D 5.9 16.2 13.3 11.2 10.0
D - Men With → With 8 71.4 148.1 79.4 125.9 71.0 22.2 8.4
Range 56-85 110-170 70-90 110-150 60-80
S D 10.9 20.6 6.7 14.6 7.8

total 500
Overall average 64.2 141.9 83.0 122.8 73.5 19.0 9.5

SD: Standard Deviation. AF: Atrial Fibrillation.
1° SPC: 1° Systolic Pressure Control. 1° DPC: 1° Diastolic Pressure Control. 
2° SPC: 2° Systolic Pressure Control. 2° DPC: 2° Diastolic Pressure Control. 
SP-Diff: Difference between 1° and 2° control SP. 
DP-Diff: Difference between 1° and 2° control DP.
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for some decreases from the initial dosage due to a slight increase 
in plasma potassium and/or creatinine which later regressed to 
normal values.

The first and the last measures of the systolic and diastolic values 
were compared into the three therapy groups, both genders, without 
a clear statistically significant difference Table 2.

Table 2: P-values between groups B – C – D of systolic and diastolic 
blood pressures, both sexes.
Women 1° S P C 1° D P C 2° S P C 2° D P C
Groups B – C 0.6 0.09 0.3 0.002
Groups C – D 0.6 0.7 0.04 0.08
Groups B – D 0.7 0.9 0.1 0.6

Men 1° S P C 1° D P C 2° S P C 2° D P C
Groups B – C 0.001 0.1 0.4 0.2
Groups C – D 0.5 0.5 0.6 0.7
Groups B – D 0.1 0.03 0.2 0.2
1° SPC: 1° Systolic Pressure Control. 1° DPC: 1° Diastolic Pressure 
Control. 
2° SPC: 2° Systolic Pressure Control. 2° DPC: 2° Diastolic Pressure 
Control. 

Instead, the values ​​of the differences between the first and second 
measurement of systolic and diastolic pressure of the three groups, 
both sexes, revealed a statistically significant difference, suggesting 
a therapeutic benefit, except in group D of women between the first 
and second value of diastolic pressure Table 3.

Table 3: P-values between the difference of systolic and diastolic blood 
pressure in the 3 groups B – C – D, both genders.
Women Group B Group C Group D
Diff 1° & 2° S P C <0.001 <0.001 0.02
Diff 1° & 2° D P C <0.001 <0.001 0.2

Men
Diff 1° & 2° S P C <0.001 <0.001 0.01
Diff 1° & 2° D P C <0.001 0.001 0.02
Diff 1° & 2° SPC: Difference between 1° & 2° Systolic Pressure Control.
Diff 1° & 2° DPC: Difference between 1° & 2° Diastolic Pressure Control. 

Regarding the age of the patients, both genders of group B had a 
younger age with a statistically significant difference in relation 
the groups C and D, but without a difference between the latter 
two groups Table 4.

Table 4: P-values ​​according to age of groups B – C – D both sexes.
Groups Women Men
B – C <0.001 <0.001
C – D 0.3 0.2
B – D <0.001 <0.001

In Table 5, the months of follow-up and the range in the three 
therapy groups can be observed, from a minimum of 3 and a half 
years to more than 6 years.

Table 5: Follow-up of groups B – C – D.
Group B Group C Group D
Month Range S D Month Range S D Month Range S D 

Women 46.9 6-214 42.1 65.1 6-190 42.9 79.1 21-138 43.5
Men 44.2 6-183 36.1 41.8 6-166 43.2 63.3 6-168 53.1
SD: Standard Deviation 

Table 6 highlights the main central haemodynamic parameters 
achieved after therapy with the ARB + MRA combination, and the 
difference between the observed values and the maximum normal 
levels of the Augmentation index which are in the normal limits.

Table 6: Central haemodynamic parameters, groups B – C – D, both 
sexes.
Women CAP ESP MAP Diff-AIx
Group B 109.8 101.9 89.9 -2.1
δ 15.9 13.9 11.5 7.3
Group C 111.9 103.1 87.9 -1.8
δ 17.4 15.1 11.8 7.9
Group D 117.6 109.4 94.7 -0.9
δ 20.7 18.7 16.2 8.5

Men CAP ESP MAP Diff-AIx
Group B 108.8 100.9 89.9 -2.2
δ 13.7 12.0 10.0 7.1
Group C 111.9 102.9 90.2 -3.8
δ 14.7 13.1 12.6 9.2
Group D 113.5 103.6 88.4 -3.4
δ 7.6 7.3 4.9 4.2
CAP: Central Aortic Pressure. ESP: End-Systolic Pressure.
MAP: Mean Arterial Pressure. Diff-AIx: Difference Augmentation Index 
between observed values and normal levels.

The central haemodynamic parameters and the difference in the 
Augmentation Index after therapy were analyzed, comparing the 
three groups among themselves, both sexes, and they did not show 
statistically significant differences, meaning that all the patients 
belonged to a homogeneous group Table 7.

Table 7: P-values ​​between groups B – C – D of Central Haemodynamic 
Parameters, both sexes, after therapy.

CAP ESP MAP Diff-AIx
Women
Groups B – C 0.4 0.6 0.3 0.8
Groups C – D 0.4 0.3 0.2 0.8
Groups B – D 0.3 0.2 0.4 0.7
Men
Groups B – C 0.3 0.4 0.9 0.4
Groups C – D 0.6 0.8 0.6 0.8
Groups B – D 0.1 0.4 0.4 0.5
CAP: Central Aortic Pressure. ESP: End-Systolic Pressure.
MAP: Mean Arterial Pressure. Diff-AIx: Difference Augmentation Index  
between observed values and normal levels.

Furthermore, regarding the therapy used, a high prevalence of the 
use of Candesartan (91%) among ARBs and of Canrenone (72%) 
among MRAs was observed in the study, considering the three 
therapy groups (B – C – D) Table 8.
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Table 8: Use of ARBs and MRAs in the 3 groups, both genders.
Group B Group C Group D

A R B Women Men Women Men Women Men Total
Candesartan 247 121 50 23 8 8 457
Olmesartan 12 12 0 2 0 0 26
Irbesartan 6 6 1 0 0 0 13
Valsartan 3 0 0 0 1 0 4
Total 268 139 51 25 9 8 500
M R A Women Men Women Men Women Men Total
Canrenone 200 98 34 15 8 6 361
Canreonato 50 20 13 4 1 0 88
Spironolattone 13 5 3 3 0 0 24
Eplerenone 5 16 1 3 0 2 27
Totale 268 139 51 25 9 8 500
ARB: Angiotensin Receptor Blocker. MRA: Mineralocorticoid Receptor 
Antagonist.

Discussion
In this sub-study, it was observed that hypertensive patients treated 
with the ARB + ​​MRA combination, who previously had not or had 
short phases of atrial fibrillation in the 24-hour Holter monitoring 
(Groups B – C, respectively), did not develop atrial fibrillation in 
the future if the mean age at the start of therapy was up to 65 years 
and the mean arterial pressure reached 121/73 mmHg.

Instead, if therapy was started at an average of 68/71 years 
(women/men) and an average arterial pressure of 127/74 mmHg 
was reached, 3.4% of patients (Group D) have presented short 
phases of atrial fibrillation during their evolution. No patients 
were recorded in Group A, those who without having had data 
of previous atrial fibrillation, during therapy with ARB + MRA 
presented long episodes or short phases of atrial fibrillation.

This benefit could be attributed to the effective therapeutic 
association of ARB + MRA, as shown in the original study on 
the prevention of atrial fibrillation which postulates that the 
double action on Angiotensin and Aldosterone by blocking their 
receptors simultaneously and sequentially, for the objective to stop 
its harmful manifestations on the cardiovascular system, such as 
the onset of atrial fibrillation beyond the simple reduction of the 
values of the blood pressure [34].

MRAs may also be moderately effective in preventing incident 
or recurrent atrial fibrillation events, considering their action on 
vascular volume reduction and arterial stiffness, [35] decreasing 
wall stress, both atrial and ventricular, although they are not 
currently recommended as first-line drugs.

The European Society of Hypertension/European Society of 
Cardiology guidelines placed the MRAs as fourth-line agents to 
be used in resistant hypertension [36].

In fact, no guideline has ever clearly indicated when a mild 
decline in renal function, in a patient taking Renin Angiotensin 
Aldosterone System antagonists, should be accepted and not lead 
us to fear associated acute kidney injury.

The PATHWAY-2 study demonstrated that the steroidal MRA, 
spironolactone, reduced systolic blood pressure compared to 
other patients with normal renal function and treatment-resistant 
hypertension. Hyperkalemia was not a major problem in the study 
as patients had normal renal function [37].

The antiarrhythmic effects of MRAs may be partially explained 
by their impact as an established therapy for heart failure on 
improving cardiac mechanics, reducing left atrial pressure, and 
delaying disease progression [38,39].

Finally, in a larger meta-analysis of blood pressure-lowering 
treatment outcome studies (115 studies, 440,026 patients), the 
protective effect of blood pressure lowering progressively declined 
with significant reductions in blood pressure to a nadir of 125/75 
mm Hg, and the benefit of early initiation of treatment [40].

We have been able to observe that atrial fibrillation is a consequence 
of a disease and not a disease in itself to be treated, considering that 
it could take a long time to notice its onset, from the apparently 
"asymptomatic" onset of the Hypertensive Cardiovascular Disease, 
until its registration in the electrocardiogram or as short phases in 
the 24-hour Holter monitoring.

Several early signs and symptoms of hypertensive cardiovascular 
disease have been recorded in young people and the augmentation 
index (surrogate value of arterial stiffness) was high when 
even the blood pressure values were still "normal" on the 
sphygmomanometer (Box), maybe it will to usefulness a more 
accuracy protocol for early diagnosis and not just a simple 
systolic/diastolic numerical threshold to the diagnosis of arterial 
hypertension. Also, knowing if there is a limit age and systolic and 
diastolic blood pressure values to be reached in their therapy to 
avoid the onset of atrial fibrillation.

Finally, treating the causes that could develop atrial fibrillation 
seems more logical, safe, effective, and accessible to a late 
antiarrhythmic therapy or ablation with its own procedure risks 
[41]. Obviously, this interpretation intends to stimulate research 
considering the need for confirmation with later studies.

Conclusion
It is important to accurately understand the natural history of 
Hypertensive Cardiovascular Disease, treat it early, and achieve 
the lowest systolic and diastolic blood pressure values of the 
current guidelines, using ARB + MRA therapy as a double 
sequential blockade of the RAAS, with the aim of to prevent the 
onset of atrial fibrillation.

Box 
What does the finding of minimal mitral regurgitation mean?
European Society of Hypertension & International Society of 
Hypertension Congress –2021. Paterno Marchioli, CA.

Is the minimal mitral regurgitation a marker of high blood 
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pressure, and can predispose to the appearance of atrial 
fibrillation? 
European Society of Cardiology Congress– 2021. Paterno 
Marchioli, CA.

What is the significance and the meaning from finding a 
wandering atrial rhythm? European Society of Hypertension 
Congress – 2022. Paterno Marchioli, CA.

The importance of the symptoms for diagnosing and treating 
of hypertension in children, adolescents and young-aged, 
assessed with applanation tonometry. 
European Society of Hypertension Congress – 2022. Paterno 
Marchioli, CA.

Early diagnosis of hypertensive disease in youth with normal 
systolic and diastolic blood pressure levels. 
European Society of Hypertension Congress – 2023. Paterno 
Marchioli, CA.
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