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Abstract

Aims In a hypertensive population with optimal blood pressure control with a long-term follow-up, we aimed at analysing
possible predictors of left ventricular (LV) ejection fraction (LVEF) reduction, including indexed mechano-energetic efficiency
(MEEi), a well-recognized echo-derived parameter of LV performance.
Methods and results The study population included 5673 hypertensive patients from the Campania Salute Network with a
long-term follow-up, normal baseline LVEF (≥50%), and no prevalent cardiovascular (CV) disease. Patients developing LVEF
impairment (LVEF < 50% or a reduction of at least 10 percentage points compared with baseline) were compared with
patients with persistently normal LVEF. Optimal blood pressure control was achieved in about 80% of patients. Patients
who experienced LVEF reduction were 2.41% during a long-term follow-up (mean duration 5.6 ± 3.9 years). At baseline, they
were older (59.46 ± 11.58 vs. 53.40 ± 11.41, P < 0.0001) and showed higher LV mass index (53.3 ± 12.83 vs. 47.56 ± 9.58,
P < 0.0001), left atrial (LA) volume index (14.4 ± 4.2 vs. 13.1 ± 2.8, P < 0.0001) and carotid intima–media thickness
(1.99 ± 0.86 vs. 1.61 ± 0.73, P < 0.0001), lower MEEi (0.32 ± 0.08 vs. 0.34 ± 0.07, P = 0.037), and higher prevalence of CV
events during follow-up (13.9% vs. 3%, P < 0.0001) compared with patients with persistently normal LVEF. A logistic
regression analysis, performed after running univariate analyses and selecting parameters significantly associated with LVEF
reduction, showed that having a CV event [odds ratio (OR) 7.57, P < 0.0001], being in the lowest MEEi quartile (OR 2.43,
P = 0.003), and having a larger LA volume index (OR 1.08, P = 0.028) were all parameters independently associated with
the development of LV systolic dysfunction. A further logistic regression model, performed by excluding patients experiencing
CV events, demonstrated that the lowest MEEi quartile was independently associated with the evolution towards LVEF
reduction (OR 2.35, P = 0.004), despite significant impact of LA volume index (OR 1.08, P = 0.023) and antiplatelet therapy
(OR 1.89, P < 0.01). Receiver operating characteristic curves showed that the model including MEEi had higher accuracy than
the model without MEEi in predicting LVEF reduction (areas under the curve 0.68 vs. 0.63, P = 0.046).
Conclusions Lower values of MEEi at baseline identify hypertensive patients more liable to develop LVEF reduction. In
hypertensive setting, MEEi evaluation improves risk stratification for development of LV systolic dysfunction during long-term
follow-up.
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Introduction

According to the American College of Cardiology Foundation/
American Heart Association classification, arterial hyperten-
sion, even in absence of myocardial functional and/or
structural changes, should be considered as stage A of
heart failure (HF), identifying patients at high risk of
decompensation.1 Chronic pressure overload related to
hypertension initially leads to left ventricular (LV) diastolic
impairment and LV hypertrophy (LVH) and eventually to isch-
aemic dilated cardiomyopathy associated with both diastolic
and systolic dysfunction.2–4 The evolution of hypertensive
cardiomyopathy towards systolic HF is usually monitored by
measuring left ventricular ejection fraction (LVEF), assessed
by ultrasounds.5 However, LVEF reduction develops when
cardiac damage and dysfunction are already established,
both often being irreversible.6 In addition, there is a lack of
well-established echo parameters, allowing HF prediction
specifically in the hypertensive setting. Because the identifi-
cation of hypertensive patients with high-risk phenotype for
developing LV systolic dysfunction could allow more aggres-
sive treatments in order to prevent disease progression from
stages A to D of HF, it is emerging the need to collect easily
obtainable parameters for early assessment of myocardial
dysfunction at a subclinical stage.7,8

Thus, we sought to analyse the possible parameters associ-
ated with the development of reduced LVEF and their clinical
implications in a large cohort of hypertensive patients, with
normal LVEF at baseline, derived from the Campania Salute
Network (CSN). In particular, we considered well-known

determinants of LV systolic function and focused on
mechano-energetic efficiency indexed for myocardial mass
(MEEi), which previous studies suggested as a predictor of
HF onset in the general population.9 MEEi estimates LV per-
formance by defining the magnitude of LV work developed
for a given unit of energetic consumption, thus representing
the ratio between stroke work and oxygen consumption,
indexed for LV mass.9,10

Methods

Patients’ population

The study population included hypertensive patients enrolled
in the CSN who showed normal LVEF at the baseline echocar-
diogram. The CSN has been previously described in detail.11

Briefly, CSN is an electronic register that collects all data re-
lated to cardiologic visits, ultrasound exams, and laboratory
tests of hypertensive patients, involving 23 community
hospitals, 60 general practitioners (peripheral units), and
the Hypertension Outpatient Clinic of the Federico II Univer-
sity in Naples (coordinating centre). The CSN was approved
by the Federico II University Hospital Ethic Committee
(ClinicalTrials.gov Identifier: NCT02211365). All participants
gave signed written informed consent.11,12

From CSN, we selected all hypertensive patients with the
following inclusion criteria (Figure 1):

Figure 1 Flow chart showing how hypertensive patients of the current study were selected from the ‘Campania Salute Network’. CV, cardiovascular;
LVEF, left ventricular ejection fraction.
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1 Age more than 18 years;
2 Available follow-up with echo examination ≥ 12 months;
3 No history of prevalent CV disease;
4 Available baseline echocardiography and carotid

ultrasound;
5 Normal LVEF at first echocardiographic exam;
6 Ability to give informed consent.

The study population thus included 5673 hypertensive
patients evaluated during a follow-up of about 5 years.

Definition and outcomes of interest

Prevalent cardiovascular (CV) disease was defined as any of
the following cases: (i) myocardial infarction, (ii) angina
pectoris, (iii) coronary or carotid revascularization proce-
dures, (iv) stroke, (v) transitory ischaemic attack, (vi) conges-
tive HF, (vii) clinically relevant heart valvular disease (more
than mild valve regurgitations and any stenosis), and (viii)
chronic kidney disease (CKD) more than stage 3.

Glomerular filtration rate was calculated with the chronic
kidney disease epidemiology collaboration equation.13

Diabetes was defined as a fasting plasma glucose >

126 mg/dL or specific antidiabetic treatment.14

Cardiovascular events were defined as the occurrence of
myocardial infarction, coronary or carotid revascularization
procedures, stroke, and transitory ischaemic attack during
the follow-up.

Diagnosis of arterial hypertension was established on the
basis of current ESC/ESH guidelines.15 For all patients, heart
rate (HR), systolic, and diastolic blood pressures were col-
lected in the sitting position, after 5 min of rest, using an
oscillometric semiautomatic sphygmomanometer with cuffs
of appropriate size. All measurements were repeated in the
supine position after the echocardiographic examination.
Optimal office blood pressure control was defined according
to ESC/ESH guidelines for management of arterial
hypertension.15

Echocardiography

All the echocardiographic exams were performed at the Hy-
pertension Outpatient Clinic of the Federico II University in
Naples, using a standardized protocol. After the ultrasound
examination, images were stored and read offline, using a
workstation, by an expert reader, under the supervision of a
senior member. Echocardiograms were performed at first
visit and repeated during the follow-up.

All measurements were assessed according to the latest
consolidated convention.5,16,17 LVEF was measured by four
and two chamber views, tracing the LV endocardial border
in end-diastole and end-systole with the Simpson biplane

method.5,16–18 In our study, normal LVEF was defined as LVEF
values greater than or equal 50% at first echocardiogram.
Conversely, LVEF was considered reduced at final echo
examination for values less than 50% or for a LVEF reduction
of 10 percentage points compared with basal value.19,20

Left ventricular mass was estimated from a necropsy-
validated formula and normalized for height in metres to
the power of 2.7 [LV mass index (LVMi)]. LVH was defined
for values of LVMi > 47 g/m2.7 in women and >50 g/m2.7 in
men.5,16,17,21

Stroke volume was calculated as the difference between
LV end-diastolic and end-systolic volume by the z-derived
method and indexed for height to the power of 2.04.22 Pulse
pressure was estimated as the difference between systolic
blood pressure and diastolic blood pressure.15,23

As previously described, LV myocardial mechano-energetic
efficiency was estimated as the ratio between stroke volume
and HR and normalized per grammes of LV mass, and finally
expressed in mL/s/g (MEEi).10,24

Left atrial (LA) volume was estimated according to previ-
ously validated formula and indexed for height powered to
2.25

Carotid ultrasound

Carotid ultrasound was performed in supine position. The
data were archived and read offline, as previously described.
The intima–media thickness (IMT) was measured as the dis-
tance between lumen-intima and media-adventitia interface
in up to two arterial walls, on both near and far walls of distal
common carotid (1 cm), bifurcation and proximal internal ca-
rotid artery of both sides. A carotid IMT > 1.5 mm has been
reported as a plaque.26

Statistical analysis

Categorical variables were expressed as number (percentage)
and continuous variables as mean ± standard deviation.
Chi-square test and Student’s t-test were used to assess
differences in dichotomous/categorical and continuous
covariates, respectively.

In logistic regression models, MEEi, HR, and LVMi were
entered in quartiles. Quartiles of LVMi were computed as
follows: first quartile ≤ 41.0 g/m2.7, second quartile ranging
from 41.0 to ≤46.3 g/m2.7, third quartile from 46.3 to
<52.8 g/m2.7, and fourth (highest) quartile ≥ 52.8 g/m2.7. HR
quartiles were assessed as follows: first quartile ≤ 66 bpm,
second quartile ranging from 66 to ≤72 bpm, third quartile
from 72 to <80 bpm, and fourth (highest) quartile ≥ 80 bpm.
MEEi quartiles were measured as follows: first (lowest)
quartile ≤ 0.29 mL/s/g, second quartile ranging from 0.30 to
≤0.33 mL/s/g, third quartile from 0.34 to <0.38 mL/s/g, and
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fourth quartile ≥ 0.38 mL/s/g. Univariate logistic regression
analyses were assessed to verify important variables for LVEF
reduction and those significantly related to the development
of LV systolic dysfunction, in terms of LVEF reduction, were
tested in multivariate logistic regression models. Calculation
of tolerance and variance inflation was performed by linear
modelling, and collinearity was considered acceptable for
variance inflation factor less than 3.

In addition, two models were built for the evaluation of
predicted probability of LVEF reduction with and without
MEEi. For each model, individual hazard functions were gen-
erated and compared using receiving operating characteristic
curves, and the areas under the curve (AUC) were calculated
and compared by the De Long method. Detection of a
significant difference between two AUC indicates significant
difference in the overall ability of the prediction with the
largest area indicating the best predictive model.

In all analyses, a P value < 0.05 was considered statistically
significant. All statistical analyses were performed using SPSS
Statistics 26 software (IBM Corp).

Results

The study population included 5673 hypertensive patients,
with a mean age of 53.5 ± 11.4 years, 58% of whom were
male patients, 10% of patients were affected by diabetes
mellitus and 24.4% by obesity.

During the follow-up (mean duration 5.6 ± 3.9 years), opti-
mal blood pressure control was achieved in 79% (4483/5673)
of the hypertensive population.

According to the previously defined reduction in LVEF, LV
systolic dysfunction occurred in 137 (2.41%) patients. Clinical
characteristics and echo data of patients who developed a
reduction in LVEF were compared with those of patients
(n = 5536) not showing a reduction of LVEF at the end of the
follow-up (Table 1). Patients who experienced a reduction in
LVEF were older and more often diabetic, showed higher base-
line values of fasting plasma glucose, serum creatinine, uric
acid than patients who maintained a normal value of LVEF.
In addition, patients who reduced LVEF had higher values of
HR, LVMi, LA volume index, LV end-diastolic diameter and
carotid IMT, while lower MEEi at baseline examination, as
compared with patients who maintained a normal LVEF.

As shown in Table 2, patients who developed a reduction
in LVEF received a greater number of medications during
the follow-up and were more often treated with diuretics,
anti-renin-angiotensin system and antiplatelet drugs, as com-
pared with the stable LVEF group.

During the follow-up, CV events occurred in 19 patients
(13.9%) in the group which reduced LVEF and 167 patients
(3.0%) in the group with persistently normal LVEF
(P < 0.001).

Indexed mechano-energetic efficiency was significantly
correlated with both LVMi (r = 0.31, P < 0.0001) and HR
(r = �0.64, P < 0.0001).

Table 1 Baseline clinical and echo characteristics of the study population

Normal LVEF during follow-up
(n = 5536)

Low LVEF during follow-up
(n = 137) P value

Parameters
Age, years, mean (SD) 53.40 (11.41) 59.46 (11.58) <0.0001
Female sex, n (%) 2.332 (42.1) 52 (38) 0.329
Basal LVEF, %, mean (SD) 65.82 (3.86) 65.23 (11.53) 0.104
Follow-up period, median (IQR) 5.64 (3.96) 5.30 (4.00) 0.323
Diabetes, n (%) 543 (9.8) 25 (18.2) 0.001
Smoker, n (%) 1060 (19.1) 26 (19) 0.960
Obesity, n (%) 1347 (24.3) 37 (27) 0.471
CKD < 3, n (%) 483 (9.3) 25 (20.2) <0.0001
Fasting plasma glucose, mg/dL, mean (SD) 98.83 (22.96) 104.67 (29.84) 0.004
Serum creatinine, mg/dL, mean (SD) 0.97 (0.32) 1.08 (0.44) <0.0001
Serum uric acid, mg/dL, mean (SD) 5.18 (1.48) 5.46 (1.64) 0.026
Serum Triglycerides, mg/dL, mean (SD) 134.10 (73.37) 136.33 (77.97) 0.725
Serum total cholesterol, mg/dL, mean (SD) 204.62(38.74) 205.02 (45.62) 0.909
Serum HDL cholesterol, mg/dL, mean (SD) 50.46 (12.89) 49.43 (13.78) 0.359
Basal body weight, kg, mean (SD) 77.68 (13.97) 78.92 (13.91) 0.304
Systolic BP, mmHg, mean (SD) 142.73 (17.87) 144.64 (19.77) 0.216
Diastolic BP, mmHg, mean (SD) 88.04 (10.78) 88.56 (13.27) 0.609
Heart rate, bpm, mean (SD) 74.09 (11.44) 76.14 (11.89) 0.041
LV mass index, g/m2.7, mean (SD) 47.56 (9.58) 53.30 (12.83) <0.0001
Intima–media thickness, mm, mean (SD) 1.61 (0.73) 1.99 (0.86) <0.0001
Pulse pressure, mmHg, mean (SD) 61.65 (15.95) 63.90 (16.39) 0.103
MEEi, mL/s/g 0.34 (0.07) 0.32 (0.08) 0.037
SVi, mL/m2, mean (SD) 41.25 (5.92) 44.13 (9.34) <0.0001
LV end-diastolic diameter, mm (SD) 49.9 (3.6) 51.1 (4.6) <0.001
LA volume index, mL/m2 (SD) 13.1 (2.8) 14.4 (4.2) <0.0001

BP, blood pressure; bpm, beats per minutes; CKD, chronic kidney disease; HDL, high-density lipoprotein; LA, left atrial, LV, left ventricular;
LVEF, left ventricular ejection fraction; MEEi, mechano-energetic efficiency indexed for myocardial mass; SVi, stroke volume index.
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Univariate logistic regression analyses showed that age,
baseline pulse pressure, diabetes, CKD, baseline LA volume
index, baseline highest LVMi quartile, baseline IMT, baseline
lowest MEEi quartile, medication in at least 50% of control
visit, antiplatelet therapy, diuretics in at least 50% of control
visit, and the occurrence of CV events were significantly re-
lated to LVEF reduction (Supporting Information, Table S1).

A logistic regression analysis showed that having a CV
event, being in the lowest MEEi quartile and having a larger
LA volume index were all parameters independently associ-
ated with the occurrence of LV systolic dysfunction (Table
3). When the lowest MEEi quartile was replaced by the
highest LVMi quartile in a subsequent analysis, the latter
did not enter the model (Table S2).

A further logistic regression analysis, performed by
excluding hypertensive patients who experienced CV events,
confirmed that the lowest MEEi quartile, LA volume index,
and the use of antiplatelet drugs were associated with the
development of LVEF reduction (Table 4).

The hazard function of the regression models with and
without MEEi was compared. As shown in Figure 2, the model
that included MEEi predicted LVEF reduction better than the

model without this parameter (AUC 0.68 vs. AUC 0.63,
P = 0.046).

Discussion

To the best of our knowledge, this is the largest study per-
formed on a treated hypertensive population showing that
MEEi could represent an early parameter associated with
the development of future LV systolic dysfunction. In the
present study, we demonstrated that (i) in a cohort of
hypertensive patients without prevalent CV disease, despite
a large rate of optimal blood pressure control, 2.41% of
patients developed LV systolic dysfunction, defined as
LVEF < 50% or 10 percentage point reduction as compared
with the basal value19; (ii) the association between baseline
LA volume index and future reduction of LVEF underlines
early LV diastolic dysfunction which precedes systolic impair-
ment; and (iii) a value of MEEi below 0.29 is independently
associated with the evolution towards LVEF reduction in
hypertensive patients without CV events.

Table 2 Follow-up data and treatments

Normal LVEF during follow-up
(n = 5536)

Low LVEF during follow-up
(n = 137) P value

Number of medications in at least 50% of control visits,
mean (SD)

1.63 (1.01) 1.96 (0.98) <0.0001

BP control at the last available visit, n (%) 4.373 (79.7) 110 (80.90) 0.728
CV events, n (%) 167 (3.0) 19 (13.9) <0.0001
Final LVEF, %, mean 66.25 (3.73) 58.83 (8.60) <0.0001
Treatments during follow-up

Anti-RAS, n (%)a 4.531 (82.4) 123 (89.8) 0.024
Antiplatelet therapy, n (%)a 995 (18.3) 45 (33.6) <0.0001
Ca++ channel blockers, n (%)a 1.340 (24.4) 34 (24.8) 0.901
Beta-blockers, n (%)a 1.430 (26) 41 (29.9) 0.300
Statin, n (%)a 1.073 (19.8) 32 (23.9) 0.239
Diuretics, n (%)a 2.390 (43.4) 79 (57.7) 0.001

BP, blood pressure; CI, confidence interval; CV, cardiovascular event; LVEF, left ventricular ejection fraction; OR, odds ratio; RAS,
renin-angiotensin system.
aMedications used for more than 50% of control visits.

Table 3 Multivariate logistic regression model performed in hypertensive patients experiencing CV events to test parameters associated
with LV systolic dysfunction

Parameter OR 95% CI P value

Age 1.00 0.97–1.02 0.805
Baseline pulse pressure (mmHg) 1.01 0.99–1.02 0.288
Baseline diabetes 1.00 0.99–1.01 0.729
Baseline CKD 1.56 0.86–2.87 0.144
Baseline LA volume index, mL/m2 1.08 1.01–1.16 0.028
Baseline intima–media thickness, mm 1.10 0.81–1.49 0.553
Baseline lowest MEEi quartile 2.43 1.35–4.39 0.003
Medication in at least 50% of control visit 1.06 0.80–1.40 0.677
Antiplatelet therapy 1.71 1.04–2.82 0.036
Diuretics in at least 50% of control visit 1.26 0.72–2.20 0.414
CV events 7.57 2.84–20.2 <0.0001

CI, confidence interval; CKD, chronic kidney disease; CV, cardiovascular; LA, left atrial, LV, left ventricular; MEEi, mechano-energetic effi-
ciency indexed for myocardial mass; OR, odds ratio.
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It is well-known that arterial hypertension is a major risk
factor for the development of CV events, especially when it
is combined with other conditions, such as diabetes mellitus,
CKD, dyslipidaemia, LVH, and vascular atherosclerosis, that
could exert their impact in a cumulative way.27,28 The results
of the present study corroborate this assumption, because
hypertensive patients developing LVEF reduction, had also a
higher prevalence of diabetes mellitus and CKD, and higher
basal values of LVMi and IMT and showed a higher rate of
CV events during the follow-up. However, CV events only oc-
curred in 13.9% of patients who developed LVEF reduction

during the follow-up, thus implying that additional mecha-
nisms could underline the evolution towards HF in hyperten-
sive patients. Therefore, we searched for additional possible
early altered parameters associated with development of
LVEF reduction, also after excluding patients experiencing
CV events.6

A quite large variability in the prevalence of LV systolic dys-
function has been reported, from 3% to 6% in the general
population and from 3.6% to 14% in hypertensive patients,
related to differences in patients’ clinical characteristics and
CV comorbidities29–32 and in part to the technical variability

Figure 2 ROC curves for predicted probability assessed according to two models, the first one including parameters in Table 4 including MEEi and the
second one including the same parameters without MEEi. The model including MEEi predicted LVEF reduction better than the model without this pa-
rameter. MEEi, indexed mechano-energetic efficiency; ROC, receiver operating characteristic.

Table 4 Multivariate logistic regression model performed in hypertensive patients without CV events to test parameters associated with
LV systolic dysfunction

Parameter OR 95% CI P value

Age 1.00 0.97–1.02 0.820
Baseline pulse pressure (mmHg) 1.01 0.99–1.02 0.468
Baseline diabetes 1.00 0.99–1.01 0.541
Baseline CKD 1.58 0.87–2.86 0.129
Baseline LA volume index, mL/m2 1.08 1.01–1.16 0.023
Baseline intima–media thickness, mm 1.13 0.74–1.52 0.417
Baseline lowest MEEi quartile 2.35 1.31–4.22 0.004
Medication in at least 50% of control visit 1.07 0.81–1.42 0.615
Antiplatelet therapy 1.89 1.16–3.08 0.01
Diuretics in at least 50% of control visit 1.22 0.70–2.14 0.481

CI, confidence interval; CKD, chronic kidney disease; LA, left atrial, LV, left ventricular; MEEi, mechano-energetic efficiency indexed for
myocardial mass; OR, odds ratio.
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of measuring LVEF making it difficult to perform comparisons
among different settings.5 Thus, the exact incidence of reduc-
tion in LVEF in the specific setting of arterial hypertension is
still unclear. In our study population, the prevalence of fall
in LVEF during the follow-up was 2.41%, which is lower than
reported in literature, but it has to be considered that opti-
mal blood pressure control was achieved in about 80% of
our hypertensive patients, and this could, at least in part,
account for the lower rate of reduction in LVEF we found.

Recent evidence demonstrated that low hyperaemic
coronary flow, measured by positron emission tomography,
related to myocardial mass predicted hospitalization for HF
in hypertensive patients with no obstructive coronary artery
disease.33 In addition, cardiac magnetic resonance and 31P
spectroscopy measured dysfunction in adenosine triphos-
phate delivery were observed in obese patients with a high
prevalence of arterial hypertension.34 These studies support
the speculation that arterial hypertension, especially when
combined with other CV risk factors, determines metabolic
alterations by an increased myocardial demand and/or
reduced efficiency of energy utilization, this impairment iden-
tifying a subclinical damage with an elevated risk of HF devel-
opment. However, the use of positron emission tomography,
cardiac magnetic resonance, and 31P spectroscopy would not
be feasible or advisable into routine clinical decision-making
algorithms for patients with hypertension, because hyperten-
sive patients are widely present in the global adult popula-
tion, reaching a prevalence of more than 20%. Thus, the
possibility to investigate a subclinical LV impairment by a sim-
ple method easily derived from standard echocardiography is
of relevant interest, considering its accessible approach.35

In this panorama, MEEi, as the ratio between stroke work
and oxygen consumption for gramme of LV mass, appears a
simply obtainable index of LV systolic dysfunction for
risk-stratification in hypertensive patients.9,10

Reduced MEEi was identified as a predictor of HF onset in
a cohort of 1912 American Indian patients, derived from the
Strong Heart Study, who had normal LVEF at baseline, no CV
events and only 27% of whom was affected by arterial
hypertension.9 In addition, it was demonstrated to be associ-
ated with subclinical systolic dysfunction in a general popula-
tion study.36 MEEi was also demonstrated to be a powerful
prognosticator of adverse CV events in multiple different
settings, including the hypertensive one.37,38

In the present study, hypertensive patients who experi-
enced LVEF reduction had lower values of MEEi at baseline
thus demonstrating subclinical LV impairment present in
these patients, when LVEF was still normal. In addition, pa-
tients in the lowest MEEi quartile developed a higher rate
of LVEF reduction, thus showing an increased risk to develop
LV systolic dysfunction.

Indexed mechano-energetic efficiency gathers in one pa-
rameter info about three different aspects, possibly present
at the same time in the hypertensive heart: functional

impairment with alteration in LV stroke work, morphological
changes with increased LV mass, and metabolic dysfunction
with increased oxygen consumption. The correlation of both
HR, as main determinant of oxygen consumption, and LVMi,
as structural change, with LV systolic dysfunction has been
previously reported.32,39

On the other hand, the present study suggests that MEEi,
including in its computation multiple aspects, could represent
a more sensitive parameter for the identification of LV sys-
tolic dysfunction than HR or LVMi alone, because both did
not reach significance in univariate and multivariate models
respectively. It has to be considered that previous studies
recognize LV systolic dysfunction as a drop of LVEF below a
defined threshold, whereas we also included in this definition
patients who experienced a reduction of at least 10 percent-
age points compared with baseline. Thus, besides patients
with LVEF drop below 50%, we included in the evaluation
of LVEF reduction also patients with a possible early systolic
impairment (with a drop of at least 10 percentage points
compared with baseline but above the cut-off of 50%); this
could explain the need of a more complex and sensitive
parameter as MEEi for the evaluation of LVEF impairment.

Logistic regression analyses provided further information.
After adjusting for several clinical and echo parameters, CV
events were highly associated with the development of LV
systolic dysfunction; nonetheless, the association between
LVEF reduction and low MEEi remained significant despite
the impact of CV events.

A subsequent logistic regression model, run after excluding
patients experiencing CV events during the long-term
follow-up, showed that low MEEi remained independently
associated with the occurrence of LVEF reduction together
with LA volume index and antiplatelet therapy (Figure 3).

The greater use of antiplatelet drugs could just be a conse-
quence of the worse clinical conditions in these patients, due
to exacerbated atherosclerotic process and endothelial
dysfunction.28,40 It was reported that arterial hypertension
can induce coronary vascular remodelling and microvascular
impairment that could contribute to LVEF decline.40,41

Left atrial volume, reflecting diastolic function and LV fill-
ing pressure level, was demonstrated to be a predictor of
HF with both preserved and reduced LVEF.42,43 In the present
study, we confirmed those findings, because baseline LA vol-
ume index was associated with the subsequent occurrence of
LV systolic dysfunction and it resulted significantly increased
in hypertensive patients experiencing LVEF reduction, reveal-
ing an early diastolic dysfunction.

Furthermore, the presence of MEEi in the model for the
predicted probability of LV systolic impairment, provided an
increased AUC as compared with the model without this pa-
rameter, thus demonstrating the higher accuracy of the
model including MEEi.

Therefore, the use of MEEi could help to characterize the
HF risk profile of hypertensive patients and could be an
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important parameter for defining future development of LV
systolic dysfunction in this setting.

Additional studies are needed to explore which type of
drugs could have a greater impact on MEEi and could possibly
have an effect in preventing progression towards LVEF
reduction in hypertensive patients.

Limitations

The main limitation of the study is linked to the lack of
sensitive additional parameters for the evaluation of subclin-
ical LV systolic dysfunction, such as global longitudinal strain
and strain derived myocardial work components, in order to
analyse their ability to detect LVEF reduction in hypertensive
patients. Nonetheless, MEEi is a well-established parameter
for the evaluation of LV performance, and its capability to
predict a future LV systolic dysfunction corroborates the fact
that standard echocardiography is a simple, but accurate
method for LV assessment and its derived parameters can
provide very useful predictors in the hypertensive setting.

In addition, it has to be considered that CSN is an observa-
tional registry and thus possibly influenced by selection bias.
However, all patients underwent the same echocardiographic
and visit assessment and followed the same standardized
protocol.

Conclusions

In a population of hypertensive patients achieving optimal
blood pressure control, incident LV systolic dysfunction,

assessed by reduction of LVEF, was limited to 2.41%.
Lower values of MEEi at baseline significantly contributed
to identify patients more prone to develop LV systolic
dysfunction.
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