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Abstract
Reliable assessments of reduced exercise capacity based on resting tests are one of the major challenges in clinical practice.
The aim of this study was to evaluate the relationship between hemodynamic parameters obtained via resting tests
(echocardiography and impedance cardiography (ICG)) and objective parameters of exercise capacity assessed via
cardiopulmonary exercise testing and exercise ICG in patients with controlled arterial hypertension (AH). The left
ventricular ejection fraction (LVEF), global longitudinal strain (GLS), diastolic function parameters (e′, E/A, E/e′), cardiac
output (CO), stroke volume (SV), and systemic vascular resistance index were evaluated for any correlations with selected
parameters of exercise capacity, such as peak oxygen uptake (VO2) and peak CO in 93 people with AH (mean age 54 years,
47 women). Statistically relevant correlations occurred between indices of exercise capacity (peak VO2; peak CO) and only
the following hemodynamic parameters: diastolic blood pressure (R= 0.23, p= 0.026; R= 0.24, p= 0.021; respectively), e′
(R= 0.32, p= 0.002; R= 0.24, p= 0.027), E/e′ (R= 0.35, p < 0.001; ns), E/A (R= 0.23, p= 0.030; R= 0.21, p= 0.047),
SV at rest (ns; R= 0.24, p= 0.019), and CO at rest (ns; R= 0.21, borderline p= 0.052). No significant correlations between
the exercise capacity parameters and either LVEF or GLS were observed. No hemodynamic parameter proved to be an
independent correlate of either peak VO2 or peak CO. The association between hemodynamic parameters at rest and
parameters of exercise capacity was weak and limited to selected parameters of diastolic function. Exercise capacity
assessment in patients with AH based on resting tests alone is insufficiently reliable and should be supplemented with
exercise tests.

Introduction

An individual’s functional capacity reflects the ability to
perform activities of daily living based on aerobic meta-
bolism, whose measurable parameter is called maximum
oxygen consumption [1]. In clinical practice, functional
capacity assessments are largely subjective, as they are
based on history taking and questionnaires. In a large
number of patients physical examination fails to show the
cause of reported symptoms [2]. Moreover, additional
investigations (such as resting echocardiography, resting
electrocardiography, and serum N-terminal pro-B-type
natriuretic peptide (NTproBNP) levels) recommended in

heart failure (HF) diagnostics [3] often show no marked
abnormalities. Therefore, being able to distinguish between
a merely subjective impression of diminished functional
capacity and objective cardiovascular failure based solely
on resting tests constitutes a major challenge in clinical
practice [3]. This issue affects a number of cardiology
patients, including patients with arterial hypertension (AH),
even when it is well-controlled.

The means of monitoring cardiovascular response to
exercise include exercise electrocardiogram, cardio-
pulmonary exercise testing (CPET), echocardiography, and
—recently—also a noninvasive hemodynamic assessment
via impedance cardiography (ICG). These assessments may
help explain the underlying cause of reduced exercise tol-
erance also in patients who do not meet the diagnostic
criteria of HF [4–7]. Nonetheless, these assessments are
difficult to perform and still not commonly accessible.
Moreover, apart from CPET, there are no detailed standards
for result interpretation [8]. Given these limitations of
exercise testing, it seems reasonable to continue searching
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for new, objective markers of diminished cardiovascular
capacity which could be assessed at rest.

We postulated that detailed echocardiographic assess-
ment of systolic and diastolic left ventricular function
parameters, including global longitudinal strain (GLS) and
hemodynamic parameters via resting ICG, could be of
diagnostic value in this respect. In patients with AH and HF,
GLS is an independent prognostic factor, more sensitive in
identifying impaired myocardial contractility than left ven-
tricular ejection fraction (LVEF) [9–12].

Some previous studies also suggest that the hemody-
namic profile at rest, assessed via ICG, may reflect exercise
capacity [13–16].

Thus, the aim of this study was to assess the relationship
between specific echocardiographic and ICG parameters at
rest and certain known parameters of functional capacity in
patients with AH.

Methods

Study group

It was the retrospective analysis of study group described in
our previous papers [6, 16], male and female patients with
AH, aged 40–75 years, were included in the study. The
exclusion criteria were: confirmed secondary AH; history of
ischemic heart disease; chronic kidney disease with an
estimated glomerular filtration rate (eGFR) of <60 mL/min/
1.73 m2 calculated using the Modification of Diet in Renal
Disease Study (MDRD) formula; other severe comorbid-
ities: LVEF < 50%; hypertrophic/dilated cardiomyopathy;
clinically significant valvular disease; clinically significant
arrhythmias; non-sinus rhythm (including permanent car-
diac pacing); body mass index (BMI) of >40 kg/m2; pre-
viously diagnosed diabetes mellitus; polyneuropathy;
exercise-limiting peripheral vascular disease and/or mus-
culoskeletal disorders; psychiatric conditions preventing the
patient’s full cooperation; history of lung disease (asthma,
chronic obstructive pulmonary disease, pulmonary embo-
lism). AH was determinated according to Mancia et al.
guidelines [17].

Out of the 114 patients included in the study, 21 were
excluded from analysis due to a lack of ICG or CPET or not
reaching the anaerobic threshold (respiratory exchange
ratio > 1.05) during testing.

The study was conducted in accordance with the prin-
ciples of Good Clinical Practice and Declaration of Hel-
sinki. The study protocol had been approved by the
Institutional Review Board (approval No. 14/WIM/2014).
Each patient provided a written informed consent to parti-
cipate in the study. The study has been registered at Clin-
icalTrials.gov (NCT02634866).

Medical history and physical examination

The clinical examination included history taking of any
concomitant conditions, antihypertensive therapy, and
reported symptoms (especially the patients’ subjective
assessment of their exercise capacity, including reduced
exercise tolerance, shortness of breath, chest pain), as well
as physical examination, including a thorough assessment
of heart rate (HR), systolic blood pressure (SBP), diastolic
blood pressure (DBP), signs of pulmonary congestion and/
or edema, and body measurements (height, weight, BMI).
Obesity was diagnosed according to American Heart
Association guidelines [18].

Laboratory tests

Laboratory tests were conducted on fasting peripheral venous
blood samples collected in the morning (07:00–08:30 a.m.).
The levels of the following were evaluated: NTproBNP,
creatinine, and hemoglobin (Hb). The eGFR was calculated
based on the MDRD equation. The threshold values for Hb
(Hb < 13 g/dL for men, Hb < 12 g/dL for women) were based
on the current World Health Organization guidelines [19].
NTproBNP levels of <125 pg/mL meant that HF was exclu-
ded as the cause of impaired exercise tolerance [3].

Echocardiography

Echocardiographic examinations were conducted with
Vivid S6 (GE Medical System, Wauwatosa, WI, USA), in
standard parasternal, apical, and subcostal views. The size
of the cardiac chamber, myocardial contractility, LVEF, and
valve structure and function was assessed. Left ventricular
hypertrophy was diagnosed, according to the current
American Society of Echocardiography guidelines [20],
based on left ventricular mass index (LVMI) (>95 g/m2 for
females and >115 g/m2 for males). GLS was measured via
two-dimensional speckle-tracking echocardiography, as
described in our previous paper [9]. The LVEF was cal-
culated using the Simpson method. Left ventricular diastolic
dysfunction was diagnosed according to current guidelines
[21]. Left ventricular filling pressure was assessed based on
the mitral flow parameters (the E/A ratio, where A repre-
sents late diastolic mitral inflow velocity).

Cardiopulmonary exercise testing

All patients underwent CPET before noon (between 09:00
and 11:00 a.m.) after their morning dose of medications.
Exercise testing was conducted with Ergoselect (Geratherm
Respiratory GmbH; Germany) according to personalized
ramp protocols (calculated to reach the target workload within
10 min). Prior to each test, the oxygen and carbon dioxide
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sensors and the Ergoflow flow sensor were calibrated (Ger-
atherm Respiratory GmbH; Germany). Subsequently, resting
spirometry was performed. Exercise testing was discontinued
in any patient who developed symptoms (dyspnea, fatigue) or
requested it to be stopped [22]. Respiratory gas exchange was
measured via breath-by-breath analysis, with the use of a
Geratherm Ergostik system (Geratherm Respiratory GmbH;
Germany). Oxygen consumption (VO2) was continuously
monitored throughout the test, measured at peak exercise
(peak VO2), and the value presented as a percentage of
the relevant predicted value. Peak VO2 was expressed as the
highest mean value over the last 30 s of exercise. The pre-
dicted VO2 value (pred VO2) was estimated with the use of
Wasserman’s equation [8]. After CPET was completed, the
anaerobic threshold was determined noninvasively with
the V-slope method [8]. Peak VO2 < 80% of the predicted
value was considered abnormal [23].

Impedance cardiography (ICG) at rest

ICG parameters at rest were measured with a Niccomo™
monitor (Medis, Ilmenau, Germany) after 10 min of resting
in a supine position prior to CPET. This device operates
based on measuring the thoracic base impedance (Z0).
Blood volume variations produce changes in electrical
impedance, as blood conducts electricity better than other
tissues. The final analysis involved the mean values of such
hemodynamic parameters as: stroke volume (SV); cardiac
output (CO); acceleration index (ACI), which is repre-
sentative of the maximum change in aortic blood flow;
velocity index (VI), which depends on cardiac preload and
is representative of maximum aortic blood flow; Heather
index (HI), which correlates well with myocardial con-
tractility; and systemic vascular resistance index (SVRI),
which depends on mean blood pressure, central venous
pressure, and cardiac index.

Impedance cardiography (ICG) during exercise

ICG parameters during exercise were measured with a Phy-
sioFlow device (Manatec, Paris, France) during CPET,
according to the protocol described elsewhere [24]. Measur-
ing hemodynamic parameters in ICG is based on the varia-
tions in electrical impedance caused by changes in thoracic
volume during cardiac systole. This technique requires mea-
suring neither base thoracic impedance (Z0) or blood impe-
dance, while at the same time it analyzes changes in
impedance signals, ensures advanced artifact elimination, and
allows continuous (beat-to-beat) CO monitoring during
exercise. With its well documented repeatability and accuracy
[24], CO at peak exercise (peak CO) is the parameter of most
importance in assessing exercise capacity [8]. Prior to each
examination, the device was calibrated by conducting a

measurement at rest, according to manufacturer’s instructions
(autocalibration protocol).

Statistical analysis

The data were recorded, and the obtained results were
analyzed statistically with Statistica 12.0 software (StatSoft
Inc, Tulsa, OK, USA). Data distribution and normality were
assessed by visual inspection and the Kolmogorov–Smirnov
test. Continuous variables were presented as means ± stan-
dard deviation and categorical variables were presented as
absolute and relative frequencies (percentages). The asso-
ciations between peak VO2, peak CO and clinical, labora-
tory, echocardiographic and hemodynamic parameters were
analyzed using Pearson’s/Spearman’s correlation coeffi-
cients and, for selected variables, a multiple linear regres-
sion model. Subgroup analysis was performed comparing
subjects with correct exercise capacity (that achieved >80%
peak VO2 of the predicted value) to subjects with reduced
exercise tolerance (that achieved <80% peak VO2 of the
predicted value) to identify possible resting difference
related to this qualitative division. For this subgroup com-
parison, Student’s t/Mann–Whitney U test for continuous
variables and chi-square test/Fisher’s exact test for catego-
rical variables were used. The p value of <0.05 was con-
sidered statistically significant.

Results

Baseline characteristics

The baseline characteristics of the whole study group were
presented in Table 1.

The analyzed group comprised 93 patients (47 women)
at a mean age of 54 years (age range 40–71 years) with
preserved LVEF (mean 64.9 ± 3.9%), generally well-
controlled hypertension (mean BP 127/80 mmHg, with
only 16.1% patients exhibiting a BP of >140/90 mmHg).
Decreased exercise tolerance was reported by 41 patients,
with dyspnea on exertion being the most common symptom
(33%). Antihypertensive treatment most commonly inclu-
ded angiotensin-converting enzyme inhibitors (54.8%) and
diuretics (46.2%). Sixty-four percent of subjects were
treated with polytherapy, including five persons needing
five antihypertensive medicines.

Correlations of clinical, laboratory, and
hemodynamic variables at rest with peak VO2

Our analysis of any correlations between peak VO2

and clinical, laboratory, and hemodynamic parameters
at rest yielded statistically significant, though only
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weak-to-moderate, correlations between peak VO2 and the
following: age (R=−0.43, p < 0.001), DBP (R= 0.23, p=
0.026), NTproBNP (R=−0.55, p < 0.001), Hb (R= 0.33,
p= 0.001), BMI (R=−0.31, p= 0.002), E/A (R= 0.23,
p= 0.03), e′ (R= 0.32, p= 0.002), E/e′ (R=−0.35,

p < 0.001). A linear regression model of certain variables
(age, DBP, NTproBNP, Hb, BMI, E/A, e′, E/e′, HI)
demonstrated Hb and NTproBNP to be the only parameters
to be independently associated with peak VO2. An assess-
ment of the possible association between peak VO2, pre-
sented as percentage of the predicted value (%pred peak
VO2), and the above variables showed age to be the
only one significantly associated with peak VO2 (R= 0.30;
p= 0.003).

No significant correlations were observed between peak
VO2 and SBP, HR (office measurement), LVMI, LVEF,
GLS, LAVI, TRV (rest echocardiography), SV, or CO (ICG
at rest), with only a trend toward correlation between peak
VO2 and SVRI (R= 0.20, p= 0.055).

Correlations of clinical, laboratory, and
hemodynamic variables at rest with peak CO

Analysis of possible associations between peak CO and the
evaluated variables showed statistically significant but weak
correlations between peak CO and the following: age (R=
−0.30, p= 0.004), DBP (R= 0.24, p= 0.021), NTproBNP
(R=−0.25, p= 0.021), Hb (R= 0.31, p= 0.003), E/A
(R= 0.21, p= 0.047), e′ (R= 0.24, p= 0.027), SV at rest
(R= 0.24, p= 0.019), and CO at rest (R= 0.21, borderline
p= 0.052). Multivariate linear regression showed no sig-
nificant correlation between peak CO and any of the other
independent variables.

Comparison of the subgroups with normal and
reduced peak VO2

A comparison of the subgroup with normal peak VO2

(≥80% of the predicted value, n= 51) and reduced peak
VO2 (<80% of pred, n= 42) demonstrated no differences in
terms of any of the evaluated parameters (variable of
baseline clinical characteristics, laboratory tests, ICG,
echocardiography), except age (Table 2).

Discussion

Our findings showed that the association between para-
meters of cardiovascular capacity and hemodynamic para-
meters at rest is weak, even if echocardiographic evaluation
is expanded to include GLS assessment and supplemented
by measuring hemodynamic parameters via resting ICG.
Out of all the other evaluated clinical parameters only age,
Hb, and NTproBNP levels proved to be independently
associated with peak VO2. Despite the fact that these
parameters were also shown to correlate with peak CO
values, none of them proved to be an independent predictor
for the latter variable. A comparison of the subgroups with

Table 1 Baseline characteristics.

Study group (n= 93)

Variable

Men, n (%) 46 (49.5)

Age (years), mean ± SD 54 ± 8.0

BP > 140/90 mmHg, n (%) 15 (16.1)

SBP (mmHg), mean ± SD 127 ± 12

DBP (mmHg), mean ± SD 80 ± 8

HR (bpm), mean ± SD 71 ± 9

BMI (kg/m2), mean ± SD 29.1 ± 3.6

Obesity (BMI > 30 kg/m2), n (%) 37 (39.8)

Laboratory tests

Hb (g/dL), mean ± SD 14.6 ± 1.3

Anemia, n (%) 4 (4.3)

eGFR (mL/min/1.73 m2), mean ± SD 75.7 ± 16.0

NTproBNP (pg/mL), mean ± SD 66.4 ± 65.9

Echocardiography

RVEDd (mm), mean ± SD 30 ± 3

LVEDd (mm), mean ± SD 48 ± 4

LA diameter (mm), mean ± SD 37 ± 4

LVEF (%), mean ± SD 65 ± 4

LVMI (g/m2), mean ± SD 87.4 ± 16.7

Symptoms

Reduced exercise tolerance, n (%) 41 (44.1)

Dyspnea on exertion, n (%) 31 (33.3)

Dyspnea at rest, n (%) 4 (4.3)

Nonanginal chest pain, n (%) 43 (46.2)

Ankle edema, n (%) 25 (26.9)

Antihypertensive therapy

ACEI, n (%) 51 (54.8)

ARB, n (%) 18 (19.4)

BB, n (%) 32 (34.4)

Diuretic, n (%) 43 (46.2)

CCB, n (%) 18 (19.4)

≤1 antihypertensive medicine 33 (35.5)

=2 antihypertensive medicines 22 (23.6)

≥3 antihypertensive medicines 38 (40.9)

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin
receptor blocker, BB beta blocker, BP blood pressure, CCB calcium
channel blocker, DBP diastolic blood pressure, eGFR estimated
glomerular filtration rate, Hb hemoglobin, HR heart rate, LA left atrial,
LVEDd left ventricular end-diastolic diameter, LVEF left ventricular
ejection fraction, LVMI left ventricular mass index, NTproBNP N-
terminal pro-B-type brain natriuretic peptide, RVEDd right ventricular
end-diastolic diameter, SBP systolic blood pressure, SD standard
deviation.
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normal and reduced peak VO2 showed them to be com-
parable in terms of all parameters, such as blood pressure
readings, apart from age. It confirmed that resting hemo-
dynamics failed to distinguish subjects with reduced phy-
sical tolerance.

Our findings confirm the reports from earlier studies in
cardiovascular patients [10, 25–27], which presented a lack
of association between LVEF and functional capacity
assessed by peak VO2. Our study indicates a similar con-
clusion in terms of GLS. Although an association between
resting GLS values and exercise capacity was previously
reported by Tsougos et al. [5], those authors evaluated the
relationship between GLS and the duration of exercise only
and not peak VO2.

Despite the fact that our study showed no association
between peak VO2 and left ventricular systolic function, the
assessed resting parameters of diastolic function (E/A, e′,
and E/e′) correlated with both peak VO2 and peak CO,
albeit these correlations were weak. Somewhat more con-
vincing are the findings of studies in patients with severely
impaired left ventricular diastolic function (e.g., patients
with HF or following anthracycline-based chemotherapy)
which showed a stronger association between the e′ and E/e′
values and functional capacity [27, 28]. This is especially
relevant in light of the evidence that the usefulness of
assessing left ventricular filling (E/e′) in patients diagnosed
with HF with preserved LVEF increases if exercise echo-
cardiography is used [29].

Our study showed no significant association between
hemodynamic parameters assessed with ICG at rest and
either peak VO2 or hemodynamic parameters assessed with
ICG during exercise. Earlier studies, including ours, gave
grounds to suppose that such associations could be expec-
ted. However, it is worth noting that the methodology of
those studies was different. Our previous paper [16] con-
firmed an association between peak VO2 and ICG during
exercise, by indicating an increasing strength of correlation
in the group of patients with reduced exercise tolerance. It
was also the reason to choose peak VO2 < 80% of the pre-
dicted value as a discriminating parameter in the compara-
tive analysis. Peak VO2 and its predicted value (corrected to
age, sex, and body mass) are treated as equivalent to max
VO2 in clinical settings [23]. Other parameters of exercise
capacity might be disrupted in our group, such as, i.e., HR,
which is interfered by beta blockers. To limit the potential
effect of stopping exercise test on poor motivation or non-
cardiovascular limitation, patients who failed to reach RER
of >1.05 were excluded from analysis.

Studies by other authors demonstrated that reduced
exercise capacity (a shorter distance during a 6-min walk
test, 6MWT) correlated with a worse pumping function of
the heart at rest and increased vascular stiffness [13, 15].
Nonetheless, the fact that 6MWT (instead of the ergos-
pirometric parameter peak VO2, considered to be the gold
standard [8, 23]) was used in those studies to assess exercise
capacity limits the possibility of a direct comparison
between these results and the results of our present study.
Nevertheless, the beneficial effects of exercise training

Table 2 Comparison between the subgroups of patients with peak
VO2 < 80% of predicted value and peak VO2 > 80% of predicted value.

Patients with %
pred peak VO2 <
80% (n= 42)

Patients with %
pred peak VO2 ≥
80% (n= 51)

p value

Variable

Age (years) 56 ± 8 52 ± 8 0.009

SBP (mmHg) 128 ± 12 126 ± 12 0.243

DBP (mmHg) 81 ± 8 80 ± 8 0.911

BP > 140/90 mmHg 8 (19.1) 7 (13.7) 0.487

HR (bpm) 70 ± 8 72 ± 10 0.263

BMI (kg/m2) 29.7 ± 3.7 28.4 ± 3.5 0.081

Obesity 14 (33.3) 23 (45.1) 0.217

Laboratory tests

eGFR (mL/min/1.73 m2) 74.4 ± 17.3 76.8 ± 14.9 0.484

NTproBNP (pg/mL) 69.9 ± 68.2 61.5 ± 63.3 0.566

NTproBNP > 125 pg/mL (out of
84 pts)

5 (14.3) 7 (14.3) 1.000

Hb (g/dL) 14.3 ± 1.3 14.6 ± 1.3 0.229

Anemia 2 (4.8) 2 (3.9) 0.858

Echocardiography

LVMI (g/m2) 90.2 ± 13.9 84.0 ± 19.2 0.080

LVEF (%) 65 ± 4 65 ± 4 0.616

GLS (%) 19 ± 2 19 ± 2 0.424

E/A 0.9 ± 0.3 1.0 ± 0.3 0.139

e′ avg (cm/s) 8.4 ± 2.1 8.7 ± 2.0 0.395

E/e′ avg 7.5 ± 1.9 7.8 ± 3.3 0.574

TRV (m/sec) 2.3 ± 0.3 2.3 ± 0.2 0.588

LAVI (mL/m2) 24.8 ± 5.1 25.6 ± 8.8 0.673

LVH 5 (9.8) 5 (11.9) 0.739

e′ < 7 (out of 89 pts) 8 (20.5) 13 (26.0) 0.545

E/e′ ≥ 14 (out of 89 pts) 1 (2.6) 0 (0.0) 0.255

TRV ≥ 2.8 (out of 87 pts) 0 (0.0) 1 (2.1) 0.353

LA_vol ≥ 34 (out of 89 pts) 7 (18.0) 4 (8.0) 0.157

Impedance cardiography

SV (mL) 94 ± 19 87 ± 17 0.071

CO (L/min) 6 ± 1 6 ± 1 0.351

SVRI (dyn × s × m2/cm5) 2124 ± 427 2130 ± 422 0.952

VI (1/1000/s) 44 ± 11 44 ± 11 0.914

ACI (1/100/s2) 66 ± 26 67 ± 22 0.724

HI (Ohm/s2) 12 ± 4 14 ± 4 0.076

Data presented as means ± standard deviation and absolute values
(percentages).

BMI body mass index, BP blood pressure, CO cardiac output, DBP
diastolic blood pressure, e′ avg average early diastolic mitral annular
velocity, E/A early (E)-to-late-(A) transmitral inflow velocity ratio,
E/e′ avg the ratio between early (E) mitral inflow velocity and average
early diastolic mitral annular velocity (e′), eGFR estimated glomerular
filtration rate, GLS global longitudinal strain, Hb hemoglobin, HI
Heather index, HR heart rate, LAVI left atrial volume index, LVEF left
ventricular ejection fraction, LVH left ventricular hypertrophy, LVMI
left ventricular mass index, NTproBNP N-terminal pro-B-type brain
natriuretic peptide, SBP systolic blood pressure, SV stroke volume,
SVRI systemic vascular resistance index, TRV tricuspid regurgitant jet
velocity.
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observed by Molisz et al. [14] in a group of healthy females
aged 50–70 years, in the form of improved left ventricular
pumping function and lower afterload, encourage further
studies of these complex associations.

The laboratory results obtained in our study also warrant
at least a brief comment. We observed a weak reverse cor-
relation between NTproBNP levels and both peak VO2 and
peak CO values, despite the fact that in most patients the
NTproBNP levels were below the threshold for HF diag-
nosis. In patients with AH such correlation may be due to
increasing hemodynamic abnormalities in the form of
hypertrophy and diastolic dysfunction of the left ventricle,
which precede the development of symptoms [30, 31]. A
much stronger association between peak VO2 values and
NTproBNP levels was demonstrated in HF patients [32–34].

Our study confirmed an association between functional
capacity and Hb levels, even when the latter fall within
normal limits, which is consistent with earlier reports
[34, 35]. This phenomenon, when observed in patients with
AH, may be due to a relatively less efficient use of Hb as an
oxygen transporter, which is a result of impaired oxygen
extraction in skeletal muscles and is enhanced particularly
by a rise in BP disproportionate to the level of exertion and
impaired peripheral vessel dilation [35].

It should be also kept in mind that both NTproBNP and
Hb levels are strongly related to age and sex, the main
determinants of VO2 [8, 36, 37]. Significant differences
between hypertensives men and women in exercise tolerance
also matter as we demonstrated in our earlier manuscript [6].

Limitations

One limitation of our study was a small sample size, which
may have affected the results of statistical analyses.
Therefore, we cannot exclude that the strength of the
evaluated correlations could be different when evaluated in
a larger population. Moreover, the applied pharmacotherapy
could also affect investigated relations. Especially, the
potential influence of beta blockers on exercise performance
should be considered. However, in our study the supple-
mentary comparative analysis between patients treated and
not treated with beta blockers did not revealed any sig-
nificant difference in exercise capacity (peak VO2) or any
other clinically relevant indices (i.e., NTproBNP, SBP,
DBP, HR, LVEF, GLS, e′avg, E/e′, SV, CO).

Our study focused on a selected group of relatively young
patients with AH and no comorbidities, which
precludes extrapolating the results onto the general popula-
tion. We must also mention that our study protocol did not
include iron level, which may affect the assessed exercise
capacity [36].

Conclusions

The association between parameters of physical capacity
and the cardiovascular parameters evaluated at rest was
poor and—specifically in terms of hemodynamic para-
meters—limited only to selected parameters of diastolic
function. None of the echocardiographic or ICG parameters
assessed at rest proved useful in grading exercise capacity.
We must thus conclude that assessing exercise capacity in
patients with AH based on resting tests alone is not suffi-
ciently reliable and should be supplemented with
exercise tests.

Summary table

What is known about this topic

● The knowledge about relationship between exercise
capacity and resting tests in patient with uncomplicated
hypertension is still deficient.

What this study adds

● Resting echocardiography does not allow exclusion of
cardiovascular abnormalities.

● Resting impedance cardiography is insufficiently reli-
able to assess exercise capacity.

● Asymptomatic patients with arterial hypertension should
be assessed by exercise tests.
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