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Impact of Isometric Exercise on Left Ventricular Mechanics Assessed
by Global Longitudinal Strain and Myocardial Work in Healthy Adults
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Abstract

Background: Traditional volumetric parameters have limitations in detecting subtle left ventricular (LV) systolic
dysfunction. Global longitudinal strain (GLS) and myocardial work (MW) allow a more sensitive assessment of ventricular
mechanics.

Objectives: To evaluate changes in GLS and MW indices during isometric handgrip exercise compared with resting
conditions.

Methods: A total of 30 healthy individuals (29.3 + 6.1 years; 50% male) were included in the sample. Echocardiography
was performed at rest and during handgrip exercise (30%-40% of maximal strength). GLS, LV ejection fraction (LVEF),
and MW indices were assessed: i) global work index (GWI), ii) global constructive work (GCW), iii) global wasted work
(GWW), and iv) global work efficiency (GWE). Comparisons were performed using paired tests. Statistical significance
was set at p < 0.05.

Results: Handgrip exercise increased both systolic blood pressure (115 * 16 vs 133 = 18 mmHg; p < 0.0001) and
diastolic blood pressure (69 = 9 vs 79 = 13 mmHg; p = 0.0002), without significant changes in LVEF (64.8% vs 64.4%;
p = 0.62). A decrease in GLS was observed (20.38% =+ 2.57% vs 19.60% * 2.52%; p = 0.028), along with increases in
GWI (+244 mmHg%; p = 0.0002), GCW (+313 mmHg%; p < 0.0001), and GWW (+52 mmHg%; p = 0.0008) as well
as a decrease in GWE (94.8% =+ 1.8% vs 93.6% = 2.5%; p = 0.022).

Conclusions: Handgrip exercise induces measurable ventricular mechanical changes in healthy individuals, reflecting a
physiological response to acute pressure overload.

Keywords: Exercise; Echocardiography; Left Ventricular Dysfunction.

Introduction

Assessment of left ventricular (LV) systolic function is
central to contemporary echocardiography. Although LV
ejection fraction (LVEF) is widely used, its dependence
on ventricular geometry and loading conditions limits
the detection of subclinical myocardial dysfunction." In
this context, more sensitive techniques, such as speckle-

ventricular dysfunction with established prognostic value
and is often altered before changes in LVEF become
apparent.’ However, its sensitivity to variations in loading
conditions, including preload and afterload, limits its
isolated interpretation, which has justified the development
of methods capable of integrating myocardial deformation
into the hemodynamic context.

tracking echocardiography (STE) and global longitudinal
strain (GLS), have expanded the ability to assess myocardial
mechanical performance.

GLS, which is obtained by STE, quantifies shortening of

LV subendocardial fibers and provides a sensitive measure
of myocardial contractility.? GLS is an early marker of
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Myocardial work (MW) integrates myocardial
deformation with the noninvasively estimated systolic
pressure gradient through pressure-strain curves, allowing
a more comprehensive assessment of LV mechanics
under different loading conditions.* These indices show
good correlation with invasive measures of ventricular
performance and lower afterload dependence compared
with strain alone, thereby expanding their clinical
applicability.*”

I[sometric handgrip exercise is a simple, safe, and
reproducible method for inducing cardiovascular stress,
promoting an acute increase in systolic blood pressure
(BP) and afterload.®? Classic studies demonstrated that
individuals with preserved ventricular reserve increase
systolic work, whereas patients with ventricular dysfunction
exhibit adverse hemodynamic responses, including
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Longitudinal Strain and Myocardial Work in Healthy Adults

Central lllustration: Impact of Isometric Exercise on Left Ventricular Mechanics Assessed by Global
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BP: blood pressure; GCW: global constructive work; GLS: global longitudinal strain; GWE: global work efficiency; GWI: global work
index; GWW: global wasted work; HR: heart rate; LV: left ventricle; LVEF: LV ejection fraction; MW: myocardial work.

increased end-diastolic pressure and decreased MW
efficiency.”'® More recent echocardiographic protocols
have confirmed that handgrip exercise reproduces
controlled hemodynamic stress and enables sensitive
assessment of ventricular mechanical adaptations,
including increased global work index (GWI) and a slight
decrease in global work efficiency (GWE).”"

This study evaluated, in healthy young adults, changes
in GLS and MW indices during isometric handgrip exercise
compared with resting conditions, aiming to characterize the
physiological LV response to acute pressure overload.

Methods

Study design and population

This was a prospective, cross-sectional study that
included healthy young adults (18-40 years) undergoing
echocardiographic evaluation at rest and during isometric
handgrip exercise. Individuals with preserved myocardial
function and no clinical comorbidities were included.
Participants with significant structural heart disease, arrhythmias,
limiting musculoskeletal disorders, or contraindications to
stress echocardiography were excluded.

Sample size calculation was based on normative MW
values described by Olsen et al.,> using GWI as the primary
outcome and considering a paired design (rest vs handgrip
exercise). A conservative increase of 150 mmHg% in GWI

was adopted, with an estimated standard deviation of
differences of 240 mmHg%, based on data from Cebrowska
et al.”? Considering a significance level of 5% and statistical
power of 80%, the formula for paired mean comparisons
indicated a minimum requirement of 21 individuals. To
increase the precision of estimates and analytical robustness,
30 participants were included in the final sample.

Echocardiographic acquisition and analysis

Transthoracic echocardiography was performed using the
Vivid™ E95 Ultrasound System (GE Vingmed Ultrasound
AS, Horten, Norway), equipped with a 3.5-MHz MS5 sector
transducer. Standard 2D images were acquired over three
cardiac cycles, synchronized to the QRS complex, and stored
in digital format for offline analysis using EchoPAC™ software
(version 206; GE Vingmed Ultrasound AS, Horten, Norway),
according to the recommendations of the American Society
of Echocardiography.’?

LVEF was obtained using the biplane Simpson method.
Diastolic function was assessed according to current guidelines.
GLS was analyzed using STE with standard apical views.

MW assessment

MW indices (i.e., GWI, global constructive work [GCW],
global wasted work [GWW], and GWE) were automatically
calculated from pressure-strain curves. For this purpose,
brachial BP measured at the time of the examination was used.
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Handgrip exercise protocol

The handgrip protocol consisted of sustained isometric
contraction at 40% of maximal voluntary strength, previously
determined by dynamometry. The effort was maintained
for 2-3 minutes, with echocardiographic image acquisition
performed between the second and third minutes.

Statistical analysis

Comparisons between resting and handgrip conditions
were performed using paired tests according to data
distribution. Statistical significance was set at p < 0.05.
Effect size was calculated to estimate the magnitude of the
observed differences.

Ethical considerations

The study was approved by the local human research
ethics committee, and all participants provided written
informed consent.

Results

A total of 30 healthy individuals were evaluated, 50%
of whom were male, with a mean age of 29.3 + 6.1 years,
and all completed the isometric handgrip exercise protocol.
Overall clinical characteristics demonstrated mean values
consistent with the studied age range. During handgrip
exercise, significant increases were observed in systolic
BP (115 mmHg vs 133 mmHg; p < 0.0001), diastolic
BP (69 mmHg vs 79 mmHg; p = 0.0002), and heart rate
(72 bpm vs 81 bpm; p < 0.0001), characterizing the typical
hemodynamic response to isometric effort (Table 1).

Structural echocardiographic measurements demonstrated
ventricular dimensions and LV mass within normal ranges,
without relevant morphological abnormalities. Global systolic
function remained preserved throughout the protocol, with
no changes in LVEF between rest and stress conditions (64.8%
vs 64.4%; p = 0.6163). Diastolic function parameters also
remained stable, with a mild decrease in lateral e’ velocity
(16.4 cm/s vs 14.9 cm/s; p = 0.0123), without relevant
changes in the functional pattern (Table 2).

In the GLS analysis, a slight absolute decrease was observed
during handgrip exercise (20.3% vs 19.6%; p = 0.0283),
with a small effect size (Cohen’s d = 0.42). The decrease
was more evident in basal segments, also with a small effect
size (d = 0.47), whereas mid and apical segments showed
minimal variations and very small effect sizes (d = 0.11 and
0.16, respectively), without statistical significance (Table 3).

Regarding MW, there was a significant increase in GWI
(1,810 mmHg% vs 2,054 mmHg%; p = 0.0002), with a
moderate effect size (d = 0.77), and in GCW (2,172 mmHg%
vs 2,486 mmHg%; p < 0.0001), which showed a large effect
size (d = 1.05), representing the greatest magnitude among the
evaluated parameters. GWW also increased, with a moderate
effect size (d = 0.68). GWE showed a slight decrease, with a
small effect size (d = 0.44).

Segmental MW analysis demonstrated increases in basal
segments (1,719 mmHg% vs 1,959 mmHg%; p = 0.0003) and
mid segments (1,655 mmHg% vs 2,047 mmHg%; p = 0.0001),
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with moderate effect sizes (d = 0.81 and 0.72, respectively),
whereas apical segments showed no significant variation.
These results are presented in detail in Table 3.

Figure 1 graphically summarizes the distribution of the
main evaluated parameters. LVEF remained stable, GLS
showed a slight decrease, and consistent increases were
observed in GWI, GCW, and GWW, accompanied by a
mild decrease in GWE.

Discussion

The present study contributes by demonstrating the
integrated LV response to isometric handgrip stress in healthy
individuals through the combination of GLS and MW indices.
Our findings show that acute afterload increase promotes a
consistent rise in BP, preservation of LVEF, a slight decrease
in GLS, and increased MW indices as well as increased
GWW and a mild decrease in GWE (Central lllustration).
These results expand the understanding of the physiological
myocardial adaptation to pressure stress and reinforce the
value of a multiparametric approach for identifying changes
not detectable by LVEF alone.

The consistent increase in systolic and diastolic BP during
handgrip exercise confirms the role of this maneuver as a
reproducible hemodynamic stressor, in agreement with
the classic findings of Helfant et al.? and Kivowitz et al.,?
who described the physiological mechanisms underlying

Table 1 - Clinical characteristics of the study population

Weight, kg 30 723+128 55 100
Height, cm 30 167.2+9.1 150 184
Bodysurface 3y 4811019 151 2.21
area, m

Resting systolic 39 11531162 87 146
BP, mmHg

Resting diastolic 30 69.0+95 53 90
BP, mmHg

Systolic BP

during handgrip 30 133.4+18.4 95 172
exercise, mmHg*

Diastolic BP

during handgrip 55 7954135 5 110
eXercise,

mmHg*

Resting HR, bpm 30 72.0+11.9 53 111
HR during

handgrip 30 81.7+£10.0 60 100

exercise, bpm*

*p < 0.05 compared with rest. Source: Prepared by the
authors (2025). BP: blood pressure; HR: heart rate; SD:
standard deviation.
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the pressor response to isometric effort. These authors
demonstrated that increased sympathetic tone and peripheral
vascular resistance are the main determinants of BP increase,
whereas HR shows only a modest increase, a pattern also
observed in the present investigation. More recent studies,
such as that by Samuel et al.," further support the usefulness
of handgrip exercise as a practical, accessible alternative to
more complex dynamic stress protocols, especially in the
assessment of subtle changes in ventricular performance.

The stability of LVEF both at rest and during stress
highlights the limitation of volumetric parameters in
detecting subtle contractile changes induced by loading
variations, corroborating observations by Thomas et al.’
and Clemmensen et al."® They demonstrated that LVEF may
remain unchanged despite relevant modifications in systolic
mechanics, which underscores the need for more sensitive
tools such as GLS and MW.

The slight decrease in GLS during handgrip exercise
represents an expected physiological finding. This behavior,
described by Flachskampf and Chandrashekar,* reflects the
sensitivity of strain to afterload changes. The greater decrease
in basal segments reinforces the regional heterogeneity of the
mechanical response, as suggested by Thomas et al.” These
regions exhibit higher wall stress and depend more directly
on longitudinal shortening, making them more susceptible
to acute pressure overload. The relative stability of mid and
apical segments suggests preservation of overall contractile
reserve in healthy individuals.

MW indices provided relevant complementary
information. The significant increase in GWI and GCW
during handgrip exercise is consistent with the physiological
increase in mechanical energy required to overcome the
greater systolic load. Studies by Zhu et al.? and Caminiti et
al.” demonstrated similar behavior both in healthy individuals
and in populations with hypertension or coronary artery
disease, reinforcing the sensitivity of the pressure-strain
model in quantifying contractile adjustments in response
to acute stimuli.

The increase in GWW represents another physiologically
consistent finding. In scenarios of acute afterload increase, as
described by Russell et al.”” and summarized by Flachskampf
and Chandrashekar,* part of the energy generated by the
myocardium is expected not to be converted into useful
work because of temporal dyssynchrony between tension
generation and effective fiber shortening. This mechanism
contributes to the slight decrease in GWE, which nevertheless
remained within the physiological range. The observed values
are consistent with normative limits previously described by
Olsen et al.,” reinforcing the validity of these findings in a
healthy population.

Segmental LV analysis revealed an additional aspect of
the physiological adaptation to isometric stress. During
handgrip exercise, a decrease in GLS was observed in basal
segments, accompanied by increased MW in these same
regions, a pattern also observed in mid segments. This
dissociation between lower deformation and greater MW
suggests a physiological adjustment to acute afterload increase,
in which reduced longitudinal shortening is compensated

Table 2-Echocardiographic characteristics of the sample (n=30)

Cardiac structure

LV end-diastolic

) 475+0.44 3.90-5.60
diameter, cm
LV end-systolic 2064048  2.00-4.90
diameter, cm
Posterior wall 0804009  0.70-1.00
thickness, cm
InFerventrlcuIar septal 0.80 0.10 0.70-1.10
thickness, cm
LV mass index, 7216+ 1567  46.80-110.40
g/m
Indexed left atrial 2470+ 6.34 14-40
volume, mL/m?
Systolic function - rest
End-diastolic volume, 84.47 + 23.29 49-142
mL
End-systolic volume, 29.87 + 9.31 10-55
mL
Stroke volume, mL 54.60 + 15.21 31-87
Ejection fraction, % 64.80% £ 4.07% 60-76
Systolic function - handgrip exercise
Enci—dlastollc volume, 87.70 + 23.71 47-146
mL
End-systolic volume, - 54 534 11,05 14-62
mL
Stroke volume, mL* 56.17 £ 13.67 31-84
Ejection fraction, %* 64.47% £ 4.15% 58-74
Diastolic function - rest
E-wave velocity, cm/s 86.40 + 21.89 58-141
Medial €', cm/s 11.75+ 2.39 7-17
Lateral €', cm/s 16.45 £ 3.92 10-27
E/e’ ratio 6.27 £ 1.70 3.45-10.67
Diastolic function — handgrip exercise
E-wave velocity, cm/s* 84.33+18.99 45-145
Medial €, cm/s* 11.23 £ 2.06 7-15
Lateral €', cm/s* 14.97 +2.92 10-20
E/e’ ratio* 6.63 £ 1.55 3.85-10.70

#p > 0.05 compared with rest. *p < 0.05 compared with rest.
Source: Prepared by the authors (2025). LV: left ventricle;
Max: maximum; Min: minimum; SD: standard deviation.
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Table 3 - Strain and MW parameters (rest vs handgrip exercise)

GLS, % 20.38 +2.57
Basal segment strain, % 18.41£2.93
Mid segment strain, % 20.35+2.21
Apical segment strain, % 24.07 + 3.61
GWI, mmHg% 1.810 + 322
GCW, mmHg% 2172 + 371
GWW, mmHg% 108.4 + 43.9
GWE, % 94.83 + 1.76
Basal segment MW, mmHg% 1.719 + 346
Mid segment MW, mmHg% 1.655

Apical segment MW, mmHg% 1.970

19.60 + 2.52 -0.78 0.0283 0.42
17.30 +2.38 -1.12 0.0208 0.47
20.15 £ 2.62 —0.20 0.5455 0.11
23.52 £ 3.66 —0.55 0.3971 0.16
2.054 + 403 +244 0.0002 0.77
2.486 * 453 +313 < 0.0001 1.05
160.4 +75.8 +52.0 0.0008 0.68
93.57 £ 2.45 —1.27 0.0224 0.44
1.959 + 283 +240 0.0003 0.81

2.047 +392 0.0001 0.72

2.168 +198 0.0710 0.34

Source: Prepared by the authors (2025). GCW: global constructive work; GLS: global longitudinal strain; GWE: global work
efficiency; GWI: global work index; GWW: global wasted work; MW: myocardial work.

by greater mechanical energy generation to maintain
overall performance. Taken together, the observed pattern
remained aligned with the normal phenotype described by
Grandperrin et al.,'® which underscores that the regional
response to stress represents physiological contractile
adaptation rather than subclinical dysfunction.

This study has limitations that should be considered.
The exclusive inclusion of healthy young adults and
the relatively small sample size limit the generalizability
of the results to clinical populations. In addition,
echocardiographic acquisition during isometric effort
may introduce technical variability in image quality. On
the other hand, the prospective and standardized design,
the homogeneous sample without comorbidities, which
allowed physiological characterization with reduced
external interference, and the integrated evaluation of GLS
and MW are important strengths, increasing sensitivity for
detecting subtle changes in ventricular mechanics. The
inclusion of effect size analysis also adds interpretative
value by allowing assessment of the practical relevance of
the observed differences.

Taken together, these findings reinforce the value of
handgrip exercise as a practical, safe, and reproducible
submaximal stress tool. The integrated GLS and MW
approach proved capable of detecting acute physiological
modifications not identifiable by traditional methods
such as LVEF and may be particularly relevant in contexts
requiring assessment of contractile reserve or identification
of subclinical dysfunction.

In addition to characterizing the physiological LV
response to isometric stress, this study contributes to
consolidating the role of GLS and MW as central tools in
the contemporary assessment of ventricular mechanics,

Arq Bras Cardiol: Imagem cardiovasc. 2026;39(2):e20260036

highlighting handgrip exercise as a valuable strategy for
both physiological studies and clinical applications.

Conclusions

Isometric handgrip exercise induced measurable
hemodynamic and mechanical changes in healthy
individuals, characterized by stable LVEF, a slight decrease
in GLS, and significant increases in GWI and GCW as well
as increased GWW and a mild decrease in GWE. These
findings reflect physiological contractile adaptation to
acute pressure overload and reinforce handgrip exercise as
a simple, safe, reproducible tool for assessing ventricular
mechanics beyond traditional volumetric parameters.
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Figure 1 - Variation in ventricular function, GLS, and MW parameters between rest and handgrip exercise. GCW: global constructive
work; GLS: global longitudinal strain; GWE: global work efficiency; GWI: global work index; GWW: global wasted work; LVEF: left
ventricular ejection fraction.
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