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Abstract

Heart failure with preserved left ventricular ejection fraction (HFpEF) is a clinical syndrome in which the structure and
the function of the heart are damaged, with stiffness of the heart muscle, increased pressures in diastole and in the
pulmonary circulation. The latest understanding of HFpEF is that it is a systemic disease of the microcirculation with
chronic inflammation and impaired cellular metabolism. The aim of this review was to determine the association between
physical activity and HFpEF based on the available research. By summarizing the literature data, it was shown that a
sedentary lifestyle represents a risk factor for HFpEF and that continuous physical activity prevents the occurrence of
HFpEF, while in patients already suffering from HFpEF it increases functional capacity, as well as the quality of life,
mainly due to the improvement of peripheral muscles oxidative metabolism. The impact of physical activity on improving
the diastolic function of the heart in people with heart failure is still under research. Patients with HFpEF usually have
poor exercise tolerance, thus an individualized prescription of physical activity is indicated in accordance with their
capabilities, preferably a combination of aerobic training, strength exercises, balance and an adequate diet. The gold
standard for the assessment of aerobic capacity is the cardiopulmonary exercise test, which allows the measurement of
oxygen consumption, maximum heart rate, the first and the second anaerobic thresholds, parameters needed for dosing
the intensity of physical exercise.
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HEART FAILURE — A COMPLEX CLINICAL SYNDROME

Heart failure is a complex clinical syndrome that results from a disruption of the heart's structure and
function and is manifested by symptoms such as fatigue and poor exercise tolerance, a feeling of shortness of
breath, orthostatic dyspnea, and lower limb edema (McDonagh, 2021). The heart, being the central organ of
circulation, has the function of collecting blood from the periphery, sending it to the lungs for oxygenation and
re-pumping it to all other organ systems, enabling adequate distribution of oxygen and other necessary
substances throughout the body (Verhoeff, 2017). Heart failure occurs when the heart does not have adequate
pumping capacity or when it still has a relatively preserved contractile force, but the blood filling process in
diastole is impaired (McDonagh, 2021, Pfeffer, 2019, Bourlaug, 20104). Heart failure affects more than 60
million people worldwide (5). The former classification into systolic and diastolic heart failure has been
replaced by the one according to the ejection fraction of the heart's left ventricle (LV EF), which represents
the percentage of blood pumped out during one heart cycle in relation to the volume of blood at the end of
diastole. According to this classification, there is heart failure of reduced LV EF <40% (HFrEF - the
abbreviation of heart failure with reduced EF), mildly reduced LV EF 40-49% (HFmrEF - the abbreviation of
heart failure with mildly reduced EF) and preserved LVEF > 50 %, (HFpEF — the abbreviation of heart failure
with preserved EF) (McDonagh, 2021, Pfeffer, 2019, Borlaug, 2010).

For a long time, clinicians recognized and treated only HFrEF, while diastolic heart failure (HFmrEF
and HFpEF) was a matter of discussion (Pfeffer,2019, Borlaug, 2010). In recent years, HFpEF has not only
been recognized as a separate clinical entity but is currently in the center of attention for cardiologists around
the world. The HFpEF incidence is apparently increasing - it used to be the less prevalent variant of heart
failure, yet currently equals to HFrEF, and according to the latest epidemiological data its prevalence will
reach up to 70% of the total heart failure population (Vasan, 2018, Savarese, 2022), considering the increasing
prevalence of about 1% in relation to HFrEF per year (Borlaug, 2020).

PATHOPHYSIOLOGY OF HEART FAILURE WITH PERSERVED EJECTION
FRACTION (HFpEF)

The understanding of HFpEF has changed over the decades of research. The scientific world travelled
across a long way from understanding the classic simple model of diastolic dysfunction of the heart as a
consequence of long-term hypertension that causes concentric remodeling and hypertrophy of the heart muscle,
to indications that HFpEF is actually a disease of the microvasculature and cellular metabolism (Gevaert,
2022). It was noticed that the patients with this type of heart failure are phenotypically similar — they are more
frequently older women, obese, who have arterial hypertension and atrial fibrillation (Pfeffer, 2019, Gevaert,
2022). As the typical HFpEF patient is an obese, dyspneic woman with poor exercise tolerance (Gevaert,
2022), the question arose whether this is an isolated heart disease or just a cardiac manifestation of systemic
dysfunction characterized by increased body mass, systemic inflammation, and impaired microcirculation,
related to physical inactivity and inadequate nutrition (Gevaert, 2022, Pandey, 2018, Pandey&Berry 2015).
From the above said came the hypothesis that regular physical activity and a healthy diet can prevent this type
of heart failure, but that these can also be treatment modalities, which will be discussed in more detail in the
following text.

Pathophysiologically, what disrupts the phases of active and passive relaxation of the heart muscle in
diastole is its stiffness, which is conditioned by changes in both the extracellular matrix, with the accumulation
of collagenand changes in the cardiomyocytes and their contractile proteins (Pfeffer, 2019, Borlaug, 2010,
Borlaug, 2011). A relationship was found between the degree of titin protein phosphorylation and
cardiomyocyte elasticity (Borlaug, 2010). It has been proven that in metabolic syndrome there is a chronically
elevated level of pro-inflammatory cytokines and oxidative stress (Paulus, 2020), that influence the expression
of cellular signaling pathways, titin phosphorylation, and the accumulation of collagen in the intercellular
space, all of which lead to increased heart muscle stiffness (Borlaug, 2010, Paulus, 2020). Sedentary lifestyle,
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aging and obesity lead to chronic systemic inflammation, and physical activity has been shown to reduce the
concentration of pro-inflammatory cytokines (Morawin, 2021, Papathanasiou, 2022, Hayashino, 2014).

Currently, taking everything into account, the criteria for making the diagnosis of HFpEF are the
presence of symptoms of heart failure (difficulty breathing, reduced exercise tolerance) and LV EF >50% with
increased LV filling pressure, and pulmonary capillary wedge pressure (PCWP) >15 mmHg at rest, i.e. >25
mmHg during exercise. (McDonagh, 2021, Borlaug, 2020)

HFpEF ANF REDUCED EXERTION TOLERANCE

Bearing in mind that HFpEF is a syndrome and is manifested by multiorgan dysfunction, the reduced
effort tolerance of these individuals is influenced by cardiac and peripheral mechanisms (Guazzi 2022, Baratto,
2022, Nayor, 2020). The pressure in the LV does not have to be significantly high at rest, but during exertion
hemodynamic insufficiency occurs due to impaired active and passive relaxation of the heart muscle,
chronotropic incompetence, and reduced stroke volume - the LV filling pressure increases, it is retrogradely
transmitted to the left atrium and pulmonary capillary bed (Borlaug, 2010, Borlaug, 2011, Paulus, 2020, 17
Guazzi 2022, Baratto, 2022, Nayor, 2020). Inadequate response to effort is also influenced by frequent atrial
rhythm disturbances and the absence of left atrial function (Paulus, 2020, Guazzi, 2022, Nayor, 2020).
Ventilation disorders and anemia, which are often associated with HFpEF, contribute to the reduced exercise
capacity (Guazzi, 2022, Nayor, 2020). In one study that examined the influence of different hemodynamic
parameters on exercise tolerance, Wolsk et al. identified three variables that were independently associated
with reduced exercise tolerance in HFpEF. These are - PCWP, reduced LV stroke volume, and body mass
index (Wolsk, 2019). In the recent years, there is a growing interest in and evidence about reduced perfusion
and impaired oxidative metabolism of peripheral muscles in HFpEF patients (Upadhya, 2015, Adams, 2016).
In the study published this year, Sarma et al. pharmacologically lowered PCWP and exposed study subjects to
physical activity, but this intervention did not lead to better exercise tolerance (Sarma, 2023). It is well known
that oxygen consumption depends both on the cardiac output and the peripheral utilization, i.e. the diffusion
of oxygen between the peripheral microcirculation and the muscles (Guazzi, 2022). This was investigated by
Houstis et al, and through a detailed analysis of cardiopulmonary testing parameters, the authors concluded
that the dominant reason for reduced exercise tolerance in addition to reduced LV stroke volume is reduced
peripheral diffusion (Houstis, 2018). The question arises - is HFpEF in fact a mitochondrial disease and what
role does physical activity play in the pathophysiology and treatment of HFpEF?

PHYSICAL INACTIVITY AS A RISK FACTOR FOR HfpEF

Large observational studies have shown a causal relationship between a sedentary lifestyle and
diastolic heart dysfunction (Brinker, 2014, Pandey&Allen 2017, Bhella, 2014). In their research, Brinker et al.
recruited 1678 men and 1247 women and included them in a large epidemiological cohort of the Cooper
Research Institute in Dallas, USA, where they underwent an echocardiographic examination in the period from
1999 to 2011 (Brinker, 2014). The subjects were divided into four groups according to the level of physical
fitness, which was assesed by the Balke protocol on a treadmill. By analyzing the correlation between the
echocardiographic parameters - the relative thickness of the LV wall, the volume of the left atrium, the end-
diastolic diameter of the LV, LV EF, the diastolic mitral annular velocity and the level of physical fitness of
the subjects, it was concluded that people with less physical condition had more often echocardiographic signs
of diastolic dysfunction and concentric remodeling, which implied that these individuals had a higher risk of
developing HFpEF later in life (Brinker, 2014). And indeed, Pandey et al. further analyzed the medical records
of the before mentioned Cooper Institute study cohort and came to the conclusion that people who lived a
sedentary lifestyle in middle age were much more likely to be hospitalized for heart failure later in life
(Pandey&Patel, 2015). The authors calculated that an increase in physical activity by just one metabolic unit
(MET as an abbreviation of Metabolic Equivalent of Task) reduces the risk of hospitalization due to heart
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failure in the future by 17%. Importantly, physical activity was singled out as an independent risk factor
regardless of other cardiovascular comorbidities, i.e. risk factors (Pandey&Patel, 2015). Similar results were
obtained by analyzing the cardiorespiratory functional capacity and echocardiographic parameters of 2544
people aged 18 to 30 who were included in the CARDIA study (Coronary Artery Risk Development in Young
Adults) (Pandey&Allen, 2017). A repeated cardiac ultrasound examination after 20 years of follow-up
concluded that a low level of cardiorespiratory fitness, which was initially assessed by modified Balke protocol
treadmill test and self-reported physical activity level, was associated with increased LV filling pressure, which
is pathognomonic for HFpEF. These people also more frequently had impaired heart muscle contractility.
However, a low level of physical fitness was an independent risk factor for the development of diastolic
dysfunction, while its effect on the contractile ability of the heart was associated with the existence of other
cardiovascular risk factors (Pandey&Allen, 2017). Bella et al. observed 102 healthy elderly individuals and
showed that aging and a sedentary lifestyle led to increased stiffness of the heart muscle, but that regular
exercise at least 4-5 times a week increases the compliance of the heart muscle (Bhella, 2014). A meta-analysis
of more than 10 different cohort studies showed that the prevention of heart failure is dose dependent on the
level of physical activity (Pandey&Garg, 2015, 30 Pandey&LaMonte, 2017), and that physical inactivity is an
isolated risk factor for the development of HFpEF, but not HFrEF (Kraigher-Krainer, 2013).

PHYSICAL ACTIVITY AS A THERAPEUTIC MODALITY

In younger people, who live a sedentary lifestyle, physical activity can lead to desirable relaxation of
the heart muscle (Howden, 2018). Hieda et al. showed that a year of intensive exercise, in asymptomatic
middle-aged individuals with existing signs of LV hypertrophy and diastolic heart dysfunction, leads to a
reduction in heart muscle stiffness and prevention of HFpEF (Hieda, 2021). The benefit of regular physical
activity in the primary prevention of cardiovascular diseases is generally known and proven, but more research
is focusing towards tosecondary prevention, treatment and cardiovascular rehabilitation (Arnett, 2019,
Pelliccia, 2020).

Until recently, there were no pharmacological options for the treatment of HFpEF. According to the
current recommendations for the treatment of heart failure of the European Society of Cardiology (McDonagh,
2021), physical activity is recommended for all patients with heart failure in accordance with their capabilities,
in order to improve fitness, quality of life and reduce the number of hospitalizations due to heart failure
(recommendation class I, level evidence A). Cardiovascular rehabilitation and physical activity should also be
considered in individuals with advanced heart failure, comorbidities, and severely reduced exercise tolerance
(recommendation class lla, level of evidence C) (1). The HF-ACTION study showed that individually dosed
physical activity is safe in people with heart failure (36). Randomized clinical trials conducted over the past 2
decades have shown unequivocally that physical activity increases aerobic capacity and, at least partially,
guality of life in people with HFpEF (Alves, 2012, Angadi, 2012, Da Silveira, 2020, Edelmann, 2011, Fu,
2016, Gary, 2004, Haykowsky, 2012, Kitzman, 2010, Kitzman, 2013, Kitzman 2016, Smart, 201237-47). What
is not clear is whether, as in people without heart failure, physical activity can induce reverse remodeling and
improve diastolic heart function in people with HFpEF. In individual studies, conducted on a smaller number
of subjects, an improvement in the morpho-functional characteristics of the heart was noted (Edelmann, 2011,
Fu, 2016, Angadi, 2012, Da Silveira, 2020). Eldeman et al. showed that after 6 months of controlled exercise
3 times a week, which included 35 minutes of cycling and 35 minutes of strength training, there was an
improvement in echocardiographic parameters of diastolic function - LV filling pressure [early LV filling
velocity in diastole (E) /early annular mitral LV filling velocity (e")] and indexed left atrial volume (LAVI)
(Edelmann, 2011). Other studies that analyzed the impact of different modalities and intensity of exercise on
diastolic function, also showed their positive impact (Fu, 2016, Angadi, 2012, Da Silveira, 2020). A meta-
analysis of these studies, however, has not yet found a statistically significant improvement in diastolic
function parameters (Pandey&Parashar, 2015, Fukuta, 2019, Lin, 2022). Given that physical activity improves
the functional and aerobic capacity of people with HFpEF, without significant impact on cardiac function, it
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is assumed that there are other mechanisms through which exercise manifests its benefits. Haykowsky and the
authors showed that in their study of 40 participants (of which 18 were controls), the greatest impact (84%) on
the improvement of aerobic capacity (peak VO3) had improved utilization, i.e. diffusion of oxygen in the
periphery (a—vO.diff — arteriovenous oxygen content difference) (Haykowsky, 2012). Physical activity leads
to molecular and cellular changes in peripheral muscles that lead to increase in their oxidative potential
(Adams, 2016, Winzer, 2022). It has been shown that certain exercise modalities (HIT - high intensity interval
training) in patients with HFpEF increase muscle energy metabolism (Bozkurt, 2021). The first large
multicenter study comparing different exercise modalities in people with HFpEF, OptimEX-Clin, was
completed in 2018 (Mueller, 2021). The study was conducted in 5 centers in Germany, Belgium and Norway
and included 120 women and 60 men with stable HFpEF, mean age 70 years and BMI 30 kg/m?, NYHA II.
The participants were randomized into three groups: 1) 58 were in the HIIT program — 3 times a week for 38
minutes (4 minutes of intense activity with 3 minutes of rest in between); 2) 58 were in the program of moderate
continuous aerobic training (MCT) - 5 times a week for 40 minutes; and 3) 60 subjects were controls who were
advised physical activity according to current recommendations. After three months of exercise under the
supervision of the researcher, the study continued for another 9 months without direct supervision. After 3
months, there was an improvement in aerobic capacity in patients who performed HIIT and MCT (VO
increased by 1.0 mL/kg/min after HIIT and 1.6 mL/kg/min after MCT, and in the control group only by 0.6
mL/kg/min). No statistically significant difference was observed between different exercise modalities,
although in previously conducted smaller randomized clinical trials, HIIT showed superiority (Angadi, 2012,
Da Silveira, 2020, Siddigi, 2023). Namely, it is known that the greater the intensity of exercise, the greater the
prevention of cardiovascular risk in healthy people (Schnohr, 2011). It has been shown that high-intensity
interval exercise leads to an increased accumulation of metabolites, ions and free radicals in muscles that
trigger cellular signaling pathways, which affect the expression of specific gene loci, all of which increase
mitochondrial oxidative capacity and oxygen utilization (Hansen, 2021, Maclnnis, 2016). The effect of
exercise on peripheral circulation and endothelial function is the subject of current and future research. In a
secondary analysis of the OptimEx study, Gevaert et al. showed that although indicators of arterial stiffness
were impaired in individuals with HFpEF, endothelial function was not significantly impaired. In their
analysis, a one-year exercise program (HIIT and MCT) did not improve peripheral arterial and endothelial
function (Gevaert, 2023).

CARDIOPULMONARY TEST AND HFpEF

The gold standard for assessing physical fitness or the total functional capacity of the organism, is the
cardiopulmonary stress testing (Guazzi, 2017). During this testing, subjects are exposed to progressive effort
on a treadmill or bicycle, with simultaneous analysis of blood pressure, electrocardiogram (ECG) and
concentration of gases in exhaled air measured through a mask on the face. The occurrence of possible
symptoms is also monitored (Guazzi, 2012, Guazzi, 2017). The cardiopulmonary exercise testng anables the
evaluation of the cardiac and pulmonary function, as well as the peripheral muscles and mitochondria. The
most important parameter used to assess physical condition, i.e. functional capacity, is peak VO2. According
to Fick's principle, VO, depends both on cardiac output and peripheral oxygen utilization (VO; = Q x [CaO; —
CvO;]) (Guazzi, 2012, Guazzi, 2017). For each person, there is a predicted maximal VO,, (VO max), which
is calculated based on age and gender. During the cardiopulmonary exercise testing, the functional capacity is
assessed by the percentage of the predicted maximal VO, that has been achieved. If the VO, peak achieved
during the testing is less than 80% of the age and gender predicted VO, max, or less than 15-20 mL/min/kg, it
is considered that the aerobic capacity is reduced (Guazzi, 2012, Guazzi, 2017). People suffering from HFpEF
have a very reduced effort tolerance, their average peak VO, is about 15 mL/min/kg, which means that they
need about 60% of their total strength for daily activities, such as dressing up, about 70% for slow walking,
and that they are often functionally dependent on other persons (Nayor, 2020). Based on the other evaluated
parameters, one can gain an insight into whether the cause of fatigue is of central or peripheral origin, whether
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it is mainly caused by heart or lung dysfunction, or is the problem in the peripheral utilization of oxygen
(Guazzi, 2012, Guazzi, 2017).

EXERCISE PRESCRIPTION AS THERAPY FOR HFpEF

Exercise prescription for people suffering from heart failure must be carried out with great caution and
in a way that implies an adequate evaluation of the existing cardiorespiratory status (Hansen, 2021, Sachdev,
2023, Mezzani, 2012). The initial evaluation of a person’s cardiorespiratory status and condition is carried out
with a cardiopulmonary stress test (Guazzi, 2022, Hansen, 2021, Mezzani, 2012). Alternatively, with much
less precision, a simple exercise test can be used to assess fitness, without measuring the concentration of gases
in exhaled air (Fletcher, 2013). By 6ssessing parameters such as peak VO,, maximum heart rate, first and
second ventilatory thresholds (VT1 and VVT2), the cardiopulmonary test enables adequate dosing and planning
of exercise programs (Binder, 2008, Cavigli, 2020, D’ Ascenzi, 2022). The maximum heart rate (HR max) is
the parameter based on which physical activity was traditionally prescribed, however, the cardiopulmonary
test allows for an even more accurate assessment of both the existing functional capacity and the one that
should be reached. Moreover, the intensity of exercise is determined by the percentage of estimated peak VO
that should be achieved during exercise, and VT1 and VT2 help in this process. VT1 or first lactate threshold,
represents the moment when the body has exhausted its existing aerobic capacity, cells switch to anaerobic
metabolism, in which the glucose molecule is reduced to lactate, and then, the lowering of blood pH leads to
an increase in minute ventilation (VE). In a cardiopulmonary exercise test, VT1 can be recognized as an
increase in the slope of the curve relating VE to carbon dioxide production (VCO2). This occurs at about 50-
60% of peak VO.. When compensatory ventilatory buffers are exhausted, there is a re-increase in blood lactate
and a drop in pH, and this moment is called VT 2. It usually occurs at 70-80% of maximal aerobic capacity
(Binder, 2008, Cavigli, 2020, D’Ascenzi, 2022). Based on these parameters, exercise of the desired intensity
can be prescribed:

1) light physical activity means that VVT1 is not reached, which is an intensity of less than 40% of the

peak VO, or 55% of the HR max;

2) moderate intensity of physical activity is at 40-69% of the VO, peak or 55-74% of the HR max;

3) intense physical activity at 70-85% of the peak VO, and 75-90% of the HR max;

4) very intense physical activity implies that VT2 has also been reached, i.e. intensity greater than 85%

of the peak VO; and 90% of the HR max (Pelliccia, 2020).

Although HR max is easier to estimate, it is more appropriate to dose physical activity using VO.,
VT1 and VT2, because HR max is influenced by pharmacological therapy used to treat HFpEF comorbidities
(D’ Ascenzi, 2022).

Exercise prescription means determining the intensity, duration of exercise, number of sessions during
the week, type of exercises (Hansen, 2021, Mezzani, 2012). According to the 2020 Recommendations of the
European Association of Cardiologists for Sports Cardiology and Physical Activity of People Suffering from
Cardiovascular Diseases, aerobic physical activity at 40-80% of the peak VO, lasting 20-60 minutes, 3-5 times
a week is recommended for people with chronic heart failure, continuously or in intervals, in combination with
daily balance training and strength training 2-3 times a week (10-15 repetitions of 8-10 different exercises with
an intensity of 40-60% of the maximum voluntary contraction), with a progressive increase in the volume of
activity at regular controls of the prescribing physician every 3-6 months. For patients with HFpEF, it is
recommended to start with 10 minutes of aerobic training and 10 minutes of strength training, to reach at least
30-45 minutes of physical activity three or more times a week in the next month. A change in lifestyle and
other risk factors is also advised (recommendation class I, level of evidence C) (Pelliccia, 2020). So far, there
are no reliable data on whether HIT is superior to MCT (Mueller, 2021, Siddiqi, 2023) in people with HFpEF,
but introduction of regular physical activity according to their capabilities is absolutely indicated (McDonagh,
2021, Pelliccia, 2020, Sachdev, 2023). Combining aerobic training, strength exercises and diet gives the best
results (Kitzman, 2016, Brubaker, 2022). Strength exercises are of great importance for patients with HFpEF
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and can improve their functionality and quality of life - in smaller studies it has been shown that isolated
exercise of peripheral muscles, knee extension, improves blood flow in m. quadriceps and a person's functional
capacity (Esposito, 2011, Hearon, 2022). New methods such as respiratory musculature exercises and electrical
muscle stimulation also give good results (Zhuang, 2021). Kitzman and the authors emphasized the importance
of prompt initiation of rehabilitation, still during hospitalization after acute episodes of heart failure, with a
focus on mobility, balance, gait and strength exercises (Kitzman, 2021).

CONCLUSION

Insufficient physical activity is a risk factor for the development of HFpEF, through complex
pathophysiological mechanisms associated with obesity, chronic inflammation, and impaired microcirculation.
Continuous programmed and free physical activity prevents the occurrence of HFpEF. In HFpEF patients it
increases functional capacity and quality of life, mainly due to the improvement of the oxidative metabolism
of peripheral muscles. The effect on improving the diastolic function of the heart is still the subject of research.
Individualized prescription of exercise is recommended for patients with HFpEF in accordance with their
capabilities and effort tolerance. A combination of aerobic, strength, balance training and adequate diet gives
the best results.
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CPYAHA CJABOCT KAO KOMIUVIEKCAH KNIMHUYKA CUHAPOM

CpuaHna c1a0ocCT je KOMIUIEKCaH KIMHUYKH CHHIPOM HACTaje HapyllaBameM CTPYKType U QyHKIuje
cpua, MaHu(ECTyje ce CHMIITOMIUMA Kao IITO Cy 3aMop U ciada ToJlepaHiyja Hamopa, ocehaj HerocTaTka 1axa,
TyIICHE TPH JISKakhy Ha paBHOM, oTuIlame motkoienuna (McDonagh, 2021). Cpie Kao 1eHTpalIHu OpraH
IUpKynanuje uMa QyHKIUjy J1a ycucaBa KpB ca nepudepuje, masbe je y miyha Ha OKCUT€HAIMjy U TIOHOBO
IyMITa y CBE OCTajie CHCTeMe opraHa, omoryhaBajyhwm amekBaTHy MUCTpUOYIHjy KHCEOHHWKAa M OCTaJHX
HEONXOoJHUX Marepuja y untaBoMm opranusmy (Verhoeff, 2017). Cpuana cmabocT HacTaje Kajga cpue Hema
aJIeKBaTHY MyMIIHY CIIOCOOHOCT WJIM KajJa M Jajbe UMa PEJIaTUBHO OYyBaHY KOHTPAKTUIIHY CHAry, ajd je
HapyIIIeH Mpoliec Mykbema KpBiby y aujactonu (McDonagh, 2021, Pfeffer, 2019, Bourlaug, 2010). On cpuane
cimaboctu Oonyje Bumie ox 60 munroHa Jpynu mmpoM cBera (Groenwegen, 2020). Hexanamma nojena Ha
CUCTOJIHY M THjaCTOJIHY CpYaHy claboCT 3aMEmeHa je MO/eTIOM MpeMa €jeKIIMOHO0] (paKIHjH JIEBe KOMOpe
cpua (LV EF) koja npeacraBiba npolLieHAaT KPBHU KOjU C€ MCIYMIIa y TOKY jeJHOT CPUAHOT HUKIIyCca Y OAHOCY
Ha BOJIYMCH KPBHU Ha Kpajy nujactose. [Ipema oBoj mojenu mocToju cpyaHa ciaboct ca cHmxkenom LV EF
<40% (HFrEFox enreckux peun heart failure with reduced EF), 6iaro camkenom LV EF 40-49% (HFmrEF
on enrieckux peun heart failure with mildly reduced EF) u ouyBanom LV EF > 50%, (HFpEF on enrneckux
peun heart failure with preserved EF) (McDonagh, 2021, Pfeffer, 2019, Borlaug, 2010).

Jlyro BpeMeHa KIIMHWYapH Cy MPETO3HABAIH U JICUMIH CaMO OYHUITIEAHO CHCTOIHO MOMYIITAake Cpua
(HFrEF), nox je nujacronna cpuana cinaboct (HFmrEF u HFpEF) 6uia npeamer auckycuje (Pfeffer, 2019,
Borlaug, 2010). IMocnenmux roguaa HFpEF He camo 1a je mpeno3HaTa Kao mocedan KIMHUYKKA CHTHTET, Beh
je y cpenuInTy MHTEpecoBamba KapInoJora YnTaBor ceera. Cmarpa ce Ja je leHa y4eCcTaIOCT Y MOpacTy U Ja,
aKo je HeKajJ W OmiIa Mame 3acTyIUheHa BapHjaHTa cpyaHe ciabocTw, cana je m3jennadena ca HFrEF, a mo
MOCCIBbUM HCTPAXUBabUMa Ipouewkyje ce na he mweHa ydectaigocT poctuhu u mo 70% ox ykymHe
nomynanuje obonenux onx cpuaHe cmaboctu (Vasan, 2018, Savarese, 2022), ¢ o63upom Ha pactyhy
npeBaieHiy o oko 1% y ognocy na HFrEF rogumme (Borlaug, 2020).

MATO®U3UOJIOTMJA CPYAHE CJABOCTH CA OYYBAHOM EJEKIIMOHOM
®PAKIINOM (HFpEF)

PazymeBawe HFpEF memaino ce kako Cy MCTpakhBamba Ha OBOM I0JbY HampenoBaia. Jlanek myT
npeheH je oa nmonmama KJIACHYHOT jeAHOCTABHOI Moelia AMjacTONHE TUC(YHKIMjEe cpla Kao HOCIIeAnLe
JIYTOTO/IMIILE XUTIEPTCH3MjE KOja Y3POKyje KOHIIEHTPHUYHO PEMOJIENIOBake W XulepTpodujy cpuaHor
muiuha, 10 HasHaka fa je HFpEF 3anpaBo 6onect MmukpoBackyiarype u henujckor meradonusma (Gevaert,
2022). Ono mto je mpumeheno, jecre na cy OojecHHMIM KOju OOJlyjy O OBOI THIA CpYaHE CIabOCTH
(EHOTHUIICKM CITUYHHU U JIa Cy TO yellhie cTapuje jKeHe, Toja3He, Koje MMajy apTepUjCKy XHUIEPTEH3Ujy U
nopemehaj purma cpia — arpujainy dubpunanujy (Pfeffer, 2019, Gevaert, 2022). Kako je tunuuan HFpEF
MaIUjeHT roja3Ha, 3aJuxaHa »xeHa Koja ciabo Tojepuiie Harnop (Gevaert, 2022), mocTaBuiio ce MUTamkE 1a JId
je oBO M30J10BaHa OO0JIECT cpIla HITH caMo CpYaHa MaHudecTalmja cucTeMcke qUcQyHKIIH]je KOjy KapaKTepHUIy
noehaHa TenecHa Maca, CUCTeMCKa MH(iIamanuja M omTehieHa MHUKpOLMpKYJaluja, U3a 4Yera ce Kpuje
JOyTOTOHUINRA (PU3MYKA HEAKTUBHOCT 1 HeaJekBaTHA ucxpana (Gevaert, 2022, Pandey, 2018, Pandey&Berry
2015). 13 naBeneHOr NpoM3HiIa3d U XUIIOTE3a Aa CE YIPaBO PEIOBHOM (PM3MYKOM aKTUBHOLINY M 34paBOM
HUCXPaHOM MOJKE MPEBEHUPATH 0Baj BHUJ CpuaHe cIaboCTH, aly Aa TO MOTY OMTH M MOJAIIMTETH JIeueHha, IITO
he OUTH IeTabHH]E PA3MOTPEHO Y TEKCTY KOJH CIICIH.

[TaTo¢uznomnomku, oHO MITO HapymaBa (pa3e akTUBHE M IMAacUBHE peJlakcaluje cpuyaHor Muiuuha y
JIUjacTOJIN j€ HeroBa KPYTOCT KOja je YCIOBJbeHa ITPOMEHaMa KaKo eKCTpalieyJlapHOr MaTPUKCa, Y KOjeM ce
HaKyIJba KOJIareH, TaKO U MPOMEHaMa CaMUX KapJMOMHUOLIMTA U IbHXOBUX KOHTPaKTHIHUX npotenHa (Pfeffer,
2019, Borlaug, 2010, Borlaug, 2011). Hahena je Be3a uzmely crenena dochopmianyje npoTenHa TATUHA U
enmactuuHocTH Kapauomuorura (Borlaug, 2010). Tokazano je ga Koi MeTaOOMHUYKOTr CHHAPOMA ITOCTOjH
XPOHHYHO MOBHIIICH HUBO MTPOHH(pIIAMaTOPHUX UTOKHHA U okcuaaTuBHor crpeca (Paulus, 2020), koju yruay
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Ha noBehaHy ekcnpecujy onpehjeHUX cCHUTHaTHHUX MyTeBa, pocopuianujy TUTHHA, HAKYIUbamkbe KojareHa y
MHTEPIETYIapHOM MIPOCTOPY, HITO ¢Be Boau moBehamy kpyrocTu cpyanor mumuha (Borlaug, 2010, Paulus,
2020). CeneHTapHU HAYMH XKHBOTA, CTAPEHHE U TOja3HOCT JIOBOJIE IO XPOHHYHE CHCTEeMcKe MH(pIamamuje, a
MOKa3aHo je 1a pU3MYKa aKTHBHOCT CMabyje KOHLIEHTpaIHjy npouHdiamaropaux nurokuna (Morawin, 2021,
Papathanasiou, 2022, Hayashino, 2014).

Tpenytno, y3umajyhu cBe y 003up, KpUTepUjyMu 3amocTaBibame nujarHoze HFPEF cy mpucyctso
CUMIITOMA CpUYaHe C1adocTH (0TeXKaHO JUcCamke, CMamkeHa Tojepanija Harnopa) u LV EF >50% ca mosehanum
NPUTHUCKOM TMykea LV, mro noapasymesa nputucak y miyhaum kammnapuma (PCWP ox enr. Pulmonary
capillary wedge pressure) >15 mmHg y mupy, ogrocHo >25 mmHg npunukom BexxOama (McDonagh, 2021,
Borlaug, 2020).

CPYAHA CJABOCT - HFpEF U TOJIEPAHLINJA HAIIOPA

Nmajyhu y Bumy ma je HFpEF 3ampaBo cuHapom m nma ce maHu(ecTyjeé MyITHOPTaHCKOM
IUCHYHKIMjOM, Ha CMambeHy TOJICPAHIIM]y HAlopa OBHX 0co0a yTHYy CPUYaHH, ajld ¥ nepru(epHU MeXaHU3MHU
(Guazzi 2022, Baratto, 2022, Nayor, 2020). ITputucax y sieoj komopu (y nasem texcty JIK) He Mmopa aa Oy e
3Ha4ajHO BHCOK y MHPY, aJld Y HANIOPY J0JIa3H JI0 XeMOANHAMCKE HHCY QUIIUjCHITN]E YCIle ] HapylIeHe aKTHBHE
W TTaCHBHE peJlaKcallije CpuaHor MHIIMha, XpOHOTPOITHE MHKOMITETSHIHje M CHIDKEHOT yIapHOT BOJTyMeHa —
nputHcak mymema JIK pacrte, oH ce peTporpagHo npeHOCH Ha JIEBY IPETKOMOPY M IUTyhHY KanuiiapHy Mpexy
(Borlaug, 2010, Borlaug, 2011, Paulus, 2020, Guazzi 2022, Baratto, 2022, Nayor, 2020). Ha neamexBatan
OJITOBOP HA HATIOP YTUIY U Y€CTH ITPETKOMOPCKHU opeMehaju puTMa U M30CTaHaK (QYHKIIH]je JIEBE TPETKOMOpE
(Paulus, 2020, Guazzi, 2022, Nayor, 2020). Tome nompuHoce nopemehaju BEeHTWIAIM]E U aHEMH]jA KOjH CY
gecto yapyxenu ca HFpEF (Guazzi, 2022, Nayor, 2020). Y crymuju Koja je UCITUTHUBANIA YTUIIA] PAa3THIUTHX
XeMOJMHAMCKIX ITapaMeTapa Ha TOJIEpaHInjy Haropa, Wolsk u capagauny u3aBojuiu Cy Tpu BapujadIe Koje
Cy HE3aBUCHO OWJIe y KOpeJalliju ca CMambeHOM TojiepanijoM Hamopa y HFpEF — PCWP, camxen ynapau
BotymeH JIK u kao moceGHa Bapujabna u3nBojeH je u uHaekc tenecHe mace (Wolsk, 2019). IMocnenmux
T'OJIMHA CBE BUIIIE CE Ca3Haje O CMambeHOj Mepy3Hjy U HAPYIICHOM OKCHAATUBHOM METa00IH3MY TIeprUQEepHUX
mumnha 6onecunka ca HFpEF (Upadhya, 2015, Adams, 2016). ¥V cTyamju 00jaB/berb0j MPOIIie TOIUHE,
Sarma u capagHuIM (HapMaKOJIOUWIKH Cy CHM3WIM IUTyhHH KalMIapHU NPHUTHUCAK W M3JIOKHIM UCIIUTaHUKE
(hM3UYKOj aKTUBHOCTH, alld TO HUJE JOBEJIO 110 O0Jbe TonepaHiuje Hamopa (Sarma, 2023). {oopo je mo3Hato
Ja TOTPOLIA KHCEOHHKAa 3aBHCH Kako OJ MHHYTHOT BOJIyMEHa CpIa, Tako W ox nepudepHe
HNCKOPUCTUIBMBOCTH, OJHOCHO IUdy3uje kuceoHnka usmely nepudepHe MHUKpouupkynangje n muiuha
(Guazzi, 2022). Oso cy wucnutmBanu HOUStiS w ayropw, W JeTabHOM aHAIHM30M Mapamerapa
KapJHOIyJIMOHATHOT TECTHUpPama JIOIUIM A0 3aKJbydka Ja je JTOMHHAHTAH pas3iior CHIDKEHE TOJICpaHIHje
Haropa mope; cMameHor yaapHor BomyMmena JIK 3ampaBo cmamena mepudepra audysuja (Houstis, 2018).
[locraBspa ce muTame — 1a 1u je 3ampaBo HFPEF Gonect MutoxoHapuja 1 kKojy ynory y natopu3noIoTHju ’
neuewy HFpEF nma ¢usnuka aktusHoct?

OUBNYKA HEAKTUBHOCT KAO ®AKTOP PU3UKA 3A HFpEF

BenukuM orcepBanioHNM CTyAWjaMa MOKa3aHa je y3pO4yHO MOCHeAnYHa Be3a n3Mel)y celeHTapHOT
HauYMHA )XUBOTA U qrjacTonHe nuchynkimje cpia (Brinker, 2014, Pandey&Allen, 2017, Bhella, 2014). Brinker
U ayTOpH Cy y CBOM MCTpaKMBamwy perpyToBaHiy 1678 mymkapana u 1247 jxeHa U yKJbYUWIN UX Y BEJIUKY
enuaeMuoonky koxopty Merpakusaukor Muctutyta Kynep y anacy, CA/l, rae um je y nepuoay ox 1999.
o 2011. T'onune ypahen exokapauorpadceku nperiexn (Brinker, 2014). Vicnintanuke ¢y NOJACTHIA y YSTUPU
rpyne npemMa HUBOY (HU3MUKE KOHIHWIHMjE KOjy Cy MEpPHIIM MPOTOKOJIOM M0 bankey Ha MOKPETHO] TpalM.
AHanmu3oM Kopenanuje m3mMehy exokapauorpadcKux mapamerapa — penatuBae nedspunHe 3una JIK, Borymena
JieBe mpeTKoMope, eHa-nujactonnor aujamerpa JIK, LV EF, aujactonne Gp3uHe mokpeTa MUTPAJIHOT aHyllyca
W HOBoa (hm3MUKe KOHJUIIMjEe WCIHMTAHHWKA JIONUIO Ce JO0 3aKJbydka Jia ¢y oco0e ca MamoM (U3NIKOM
KOHJMIIMjOM MHOTrO dellie WMaje KOHIEHTPHYHO PEMOJICIIOBAkE Cplia W exokapauorpadcke 3Hake



Muxkuh, JI. u cap., ®usnuka aktuBHOCT 1 cpyana..., DUSNUKA KYIITYPA 2023; 77 (1): XXX-XXX

J1jacToHE AUCYHKIH]jE, IITO je MMILTMIUPAJIO 1a Te ocode nMmajy u Behu pusuk ox pazoja HFpPEF xacuuje
y skuBoty (Brinker, 2014). U 3aucrta, Pandey u ayTopu Cy 1a/boM aHaIM30M MEIHIIMHCKAX KapTOHA KOXOPTE
nomenyte cryauje Mucruryra Kynep momumm 1o 3akipydka ma ¢y ocoOe Koje Cy JKHBelle CEeICHTapHUM
HAYMHOM JKHBOTA y CPE/IEb0j XKMBOTHO]j 10O, MHOTO uelnihie XOCIUTAIHO JIeueHe 300T CPUaHOT MOMyIITaba
kacuuje y xxuBoty (Pandey&Patel, 2015). Aytopu cy npopauyHanu fa nosehame Gpu3nyke aKTHBHOCTH 3a
camo jenny Metabonunuky jenunuity (MET on enr. Metabolic equivalent of task), 3a 17% cmamyje pusuk of
XOCIHTaNM3anuje 300r cpyane cinaboctu y OynyhHoctr. OHO ITO je 3HaYajHO je Aa je PU3MUKa aKTUBHOCT
M3IBOjeHa Kao He3aBHcaH (akTop pusnka 6e3 003mpa Ha Ipyre KapAHOBACKYJIapHEe KOMOPOUIUTETE, OAHOCHO
dakrtope pusuka (Pandey&Patel, 2015). Cnuunu pe3ynraT J00HMjeHH Cy aHATU30M KapHOPECIHpPaTOpHOT
(hyHKITMOHATHOT KamlamuTeTa U exokapanorpadcekux mapamerapa 2544 ocobe crapoctu ox 18 mo 30 rommHa
koje cy Owmne yxibyuene y Cardia crymujy (Coronary Artery Risk Development in Young Adults)
(Pandey&Allen, 2017). KapmuopecmupaTopHu (YHKIHOHAIHM KamaluTeT W KOHAWIMja HCIHTAaHHUKA
NPOLCHUBAHH Cy CTaHTapAHUM TecToM onrtepehema mo MoandukoBaHoM bankeoBoM HpPOTOKIY |
MPUjaBIHEHUIM HUBOOM (pu3HMUKe akTHBHOCTH. [loHaBIbameM yITpa3BYUHOT Iperiiea cpia HakoH 20 roanHa
npahema 010 ce A0 3aKJbyYKa J1a je HU3aK HABO KapIuopeCIHpaTOPHOT (QyHKIIMOHATHOT Kamaurera 6uo
YApYKEH ca moBehaHWM MPHUTHCKOM MTyHemka JIeBe KOMope, MITOo je matorHoMoHnyHO 32 HFPEF. OBe ocobe
umare cy gemhe 1 HapylieHy KOHTPaKTHITHOCT cpyaHor Mutnnha. Mnak, Hu3ak HUBO (PU3HMUKE KOHIHIINje 61O
je He3zaBHCaH (haKTOp PHU3HUKA 32 MOCTOjamke TUjacTONHE TU(PYHKIH]jE, JOK j€ BerOB YTHIIA] Ha KOHTPAKTIIHY
CIIOCTIOHOCT cpIfa OMO MOBE3aH ca MOCTOjalkbeM IPYTrUX KapAHoBacKyIapaux ¢akropa pusuka (Pandey&Allen,
2017). Bella u ayropu cy orncepsupanu 102 3xpaBe ocobe cTapuje )XKUBOTHE T00M M MOKA3aIH Ja CTAPEhe U
Ce/ICHTapHU HAa4YWH KUBOTA JI0BO/IE A0 moBehaHe KpyTocTr cpuaHor Muruha, anu fa peZloBHO BexOame Oapem
4-5 myTa HeJeJbHO yTHYE Ha moBehaHy pacTersbHBOCT, OMHOCHO KOMIUTHjaHTHOCT cpuaHor muruha (Bhella,
2014). Meraananuzom Buire o1 10 pa3nuuuTux KOXOPTHUX CTy/IMja TIOKa3aHO je Ja je MPEeBeHIIja HacTaHKa
cpyaHe ciaboCTH JTO3HO 3aBHMCHA 01 HHMBoa (usnuke aktuBHOCTH (Pandey&Garg, 2015, Pandey&LaMonte,
2017), kao u 1a je GpuznuKa HEaKTUBHOCT M30JI0BaHU (hakTop pusmka 3a Hactanak HfpEF, amu ne u HfrEF
(Kraigher-Krainer, 2013).

OU3NYKA AKTUBHOCT KAO TEPAIIMJCKU MOJAJIUTET

Kon miahux oco0a koje 1Be celeHTapHUM HAaYMHOM JKHBOTA, (PH3HYKA aKTUBHOCT MOYKE JIOBECTH JI0
MoKeJbHE pefakcanuje cpyanor mumnha (Howden, 2018). Hieda n ayropu cy mokasanu ma roauHy jJaHa
MHTEH3UBHOT BexOama, KOJ acCHMITOMATCKHX ocola cpelme XHBOTHE NoOM ca moctojehuM 3Hammma
xuneprpoduje JIK u nujacromne aucdyHKIMje cpia, TOBOJAM 10 CMamkemha KPYTOCTH cpuaHOr muiuha u
npeserije Hacranka HFPEF (Hieda, 2021). Onmte je mo3Hata u JOKa3aHa KOPUCT PEIOBHE (H3MUKE
aKTHBHOCTH y TIPUMapHOj NPEBEHIMjH KapJHOBACKyJapHUX OOJECTH, i je CBE BUIIE MaKHE YCMEPEHO Ha
CeKyHIapHY MPEBEHITH]Y, JeUehe U KapAnoBacKynapHy pexabumuranujy (Arnett, 2019, Pelliccia, 2020).

HoHenaBHo, 3a neuewne HFPEF Huje Ouno gapmakonomkux omuja. [Ipema npenopykama 3a jgeuetme
cpuane caaboctu EBporickor yapysxkema kapauonora (McDonagh, 2021), ¢husuuka akTHBHOCT j& HHINKOBaHA
3a cBe 0OJIeCHUKE ca cpuaHoM ciabomhy y ckiany ca BUXOBHM MoryhHOCTHMa, Kako O ce yHarpeauia
KOHJIMIMja, KBAJUTET )KUBOTA U CMamuo Opoj xocnuTanuzanuja 300r cpuane ciaabocTu (kKiaca mnpemnopyka I,
HUBO Jioka3a A). KapnuoBackynapHy pexaOunuraiyjy u GU3NUKy aKTUBHOCT Tpeba pa3MOTPUTH U KOJI 0coda
ca y3HaIpeaoBaJioM cpyaHoM ciabomihy, KOMOpOMAWTETHMA M BEOMa CMAambEHOM TOJIEPAHLMjOM Haropa
(xmaca npenopyka lla, HuBo mokasa L) (McDonagh, 2021). HF-ACTION crynuja mokasaia je aa je 1o3upaHa
HHANBUAyalTn30BaHa (U3MYKa aKTMBHOCT 6e30eqHa Kom ocoba ca cpuanom ciabomrhy (O’Connor, 2009).
Panpomu3oBaHe KIMHUYKE CTyAUje KOje Cy crpoBol)eHe yHazaz 2 AeleHHje moKas3aue Cy HeIBOCMUCIIECHO Ja
(u3nyKa aKTUBHOCT 1oBehaBa aepoOHM KaraluTeT U 0apeM JASJTMMUYHO KBAJIUTET dKUBOTA 0c00a Koje 00myjy
on HFpEF (Alves, 2012, Angadi, 2012, Da Silveira, 2020, Edelmann, 2011, Fu, 2016, Gary, 2004, Haykowsky,
2012, Kitzman, 2010, Kitzman, 2013, Kitzman 2016, Smart, 2012). OHo nito HHje HajjacHUje je Ja JId, Kao
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Koa ocoba 6e3 cpyane ciaboctu, ¥ ko1 ocoba ca HFpEF ¢u3nuka akTHBHOCTH MOXe HHAYKOBATH PEBEP3HO
pemMo/ienoBame M MoOoJpIIabe AjacToHe GYHKIH]E cpra. Y TOjeJMHAYHIM CTyAHjaMa, CIIPOBEICHUM Ha
MameM Opojy UCIHTaHWKa, OWIIO je 3amakeHo MoOoJbiname Mopdo-(pyHKIIMOHATHIX KapaTepUCTHKA CpIia
(Edelmann, 2011, Fu, 2016, Angadi, 2012, Da Silveira, 2020). Edelmann u capagnuim cy mokasaiu 1a je
HakoH 6 Mecelnn KOHTPOJHMCAHOT BeXOama 3 IMyTa HeAeJbHO, KOje je MoapazyMeBasio 35 MHUHYTa BOXHE
Ounumkia 1 35 MUHyTa TPEHHHTa CHare, IOLUIO A0 MO0O0JbIIaka eXOKapAuorpadcKux napamerapa IujacToliHe
¢yHKIMje — mpuTHCKa Mywema LV [pana OpsuHa mymewa JIK y nujactonu (E)/pana anymapra mMutpanHa
op3uHa nymema JIK (e’)] u unaekcupanor Boxymena jese mpetkomope (LAVI) (Edelmann, 2011). U mpyre
CTyAMje KOje Cy aHalu3upaje YTHLa] Pa3TUuUTHX MOJAJIUTETa W WHTEH3UTEeTa BekOama Ha JMjacTONIHY
byukimjy, Takohe cy mokaszane muxoB mo3utuBaH ytuiaj (Fu, 2016, Angadi, 2012, Da Silveira, 2020).
MeTtaaHani30M OBUX CTYAHMja, UMAK, 3a caja HUje HaljeHO CTAaTHCTHYKU 3HayajHO MoOOJbIIAE TapaMerapa
mujacronne pynkuuje (Pandey&Parashar, 2015, Fukuta, 2019, Lin, 2022). C 063upom aa pusnuka akTHBHOCT
JOBOJM 10 TOOOJbINama (PyHKIMOHATHOT M aepoOHOTr KamamuTera ocoba koje 6omyjy ox HFpEF, a 0es
3HAYajHOT yTHIIaja Ha cpyaHy QyHKIHM]y, Hamehe ce mpeTnocTaBKa Jia MOCToje APYTrd MEXaHU3MU MPEKO KOjUX
BexkOame HcrosbaBa cBojy Kopuct. Haukowsky u ayropu cy mokaszanu na je y BHX0BOj cryauju on 40
yuecHHKa (ox Tora 18 xoHTpona), HajBehu yrunaj (84%) Ha mobosblIame aepoOOHOT KanalUTeTa WK BPIIHE
notpouime kuceonuka (peak VO2) umaina mo0osbiiaHa HCKOPUCTIBUBOCT, OJHOCHO IU(y3Uja KHCCOHHKA Ha
nepudepuju (a— vO2diff —arteriovenous oxygen content difference) (Haykowsky, 2012). ®usnuka ak THBHOCT
JOBOIM 10 MOJEKylapHHX u henujckux mpomeHa y mnepudepHuM wmumuhuma, noBehaBa ce HHXOB
okcumatuBHu notenimjan (Adams, 2016, Winzer, 2022). Tloka3ano je na oapelieHn MOTaIUTETH BeKOaba
(HNT - high intensity interval training) xox Gonecruka ca HFpEF mosehaBajy enepreTcku MeTaboin3am
mummunha (Bozkurt, 2021). TIpea Benrka MyJITHIICHTPUYHA CTYAMja KOja je Topeania pa3InduTe MOJATUTETE
BexxOama koj ocoba ca HFpEF, OptimEx- Clin, 3aBpiiena je 2018. T'ogune (Mueller, 2021). Cryauja je
crnpoBefieHa y 5 nueHrapa y Hemaukoj, benruju u HopBemikoj u o0yxBatuia je 120 sxena u 60 mymikapana ca
crabunmHoM HFpEF mpoceune crapoctn 70 roguna m BMU 30 kr/m2, NYHA Il. Yuecuuum cy Owmim
paHIOMU30BaHU y Tpu rpymne: 1) 58 je 6mino y nporpamy HIIT — 3 nmyTa HenessHo no 38 munyTa (4 MUHYyTa
MHTCH3UBHE aKTUBHOCTH ca 3 MHHYyTa nayse usmely); 2) 58 je Omo y nporpamy KOHTHHYHPAHOT aepoOHOr
tpenunra ymepesor uarensutera (MCT on enr. moderate continuous aerobic training) — 5 nyta nenesbHO 40
MUHYTa; U 3) 60 ucnmTanuka cy Ouiie KOHTPOJIE KOjuMa je caBeToBaHa (PM3MUKa aKTUBHOCT MTPeMa aKTyeTHUM
npenopykama. [locie Tpu Mecena BexxOama IO HAJI30pOM UCTpaKMBaua, CTyAHja je HAcTaBJbeHa joul 9
Mecenu Oe3 AMpEKTHOT Hajx3opa. Hakon 3 mecema momnuio je 10 mo0oJpllama aepoOHOr KanamuTeTa KO
0osecuuka koju ¢y crpoBoauian HIIT u MC (VO2 ce nosehaia 3a 1.0 mJI/kr/mun Hakor HIITu 1.6 mJI/kr/mMun
HakoH MCT, a y koHTpoaHoj rpynu camo 3a 0.6 mJI/kr/mun). Huje youeHa cTaTUCTHYKH 3HA4ajHa pas3iiuKa
n3Mel)y pa3nuyuTUX MOJANUTETa BEKOama, MaKo je Y MPETXOIHO CIPOBOhEHHM MamUM PaHIOMH30BaHUM
kmuaAgkuM uenmTuBambuMa HIIT mokaszao cymepuoproct (Angadi, 2012, Da Silveira, 2020, Siddiqgi, 2023).
Hawnwme, mo3HaTo je ia je Ko/ 37jpaBux 0c00a IMPEeBEHINja KapIMOBaCcKyJIapHOT pH3KKa Beha IITO je HHTEH3UTET
Bexxbarsa Behu (Schnohr, 2011). TTokasaHo je 1a HHTEPBAIHO BeXOare BUCOKOT MHTEH3UTETA Y MHUIIHhnMa
JOBOJM 110 TOBehaHOr HakyIlJbamba MeTaboynTa, joHa W CIO0OAHMX pajuKaia Koju nmokpehy curHaiHe
henmjcke myTeBe, KOjU yTUYy Ha €KCIIPECH]y CrielIM(UUHUX TeHCKHX JIOKYCa, IITO CBE MoBehaBa OKCUIaTHBHU
KaImaIuTeT MUTOXOHIPHja M HCKOPUCTIbUBOCT Kuceonnka (Hansen, 2021, Maclnnis, 2016). Yrumaj Bexxoama
Ha mepudepHy LMPKYIalWjy U eHAOoTeNnHy (QYHKUHWjy je mpeamer Oyayhux uctpaxkuBama. CeKyHAapHOM
aramm3oM OptimEX cryaumje, Gevaert u ayTopu ykasaiu Cy Ha TO Jia, HaKo Cy ITOKa3aTe/bi aTepPHjCKe KPyTOCTH
nopemehenn kox ocoba ca HFpEF, ennorenna ¢yHkuuja Huje 3Ha4ajHO HapylieHa. HbuxoBoMm aHamM3oM
jeanoromummpu nporpam BexOama (HIIT m MCT) Huje moBeo o mobospiuama nepudepHe apTepujcke u
erporenne Gpyukuje (Gevaert, 2023).

KAPIUOIIYJIMOHAJIHU TECT U HFpEF



Muxkuh, JI. u cap., ®usnuka aktuBHOCT 1 cpyana..., DUSNUKA KYIITYPA 2023; 77 (1): XXX-XXX

3naTHU CcTaHAapa 3a MNpPOLEHY (QHU3MYKE KOHIUIHMjEe — YKYIMHOT (YHKIHOHAIHOT KaralureTa
opranu3sma je kapauomyiMoHanHu tect onrtepehema (Guazzi, 2017). YV 0BOM TeCTy UCTIUTAHUIIN CE H3IAKY
MPOTPECUBHOM HAIMOpPy Ha IMOKPETHO] Tpaly WM OWIUKIY, Y3 UCTOBPEMEHY aHAIN3y KPBHOT TPHUTHCKA,
enetpokapaunorpama (EKT), koHLIeHTpalyje racoBa y U3AaxXHyTOM Ba3lyXy MEPEHUX MPEKO MacKe Ha JIHILY, a
JIETEKTYj€ Ce U mojaBa eBeHTyanHux cumnroma. (Guazzi, 2012, Guazzi, 2017). KapauomyMOHATHUM TECTOM
npolemyje ce QyHkuuja cpia u miyha, kao u nepudepHe myckyiarype. HajsHauajHuju mapamerep Koju
CIly’)KM ca TpoleHy (QHU3WYKe KOHAMIIHWje, OAHOCHO (yHKIMOHANHOr KamanurteTa je peak VO2. Ilpema
OuxoBoM mnpuHIMIY, VO2 3aBUCH Kako OJ MHHYTHOT BOJyMEHa CpIla, Tako W of mepudepHe
uckopucT/bUBOCTH Kuceornka (VO2 = Q x [Ca02 — CvO2]) (Guazzi, 2012, Guazzi, 2017). 3a cBaky ocody
moctoju mpensuhena makcmanHa VO2, (pred VO2 max) koja ce pauyHa Ha OCHOBY TOAMHA W TIOJNa, a
KapAUOMyIMOHAIHUM TECTOM MEpPH c€ KOjH je mpoueHaT npeasuhene makcumanie VO2 NOCTUTHYT. Y KOJIHKO
je py MakCHMATHOM KapAHOITyIMOHAIHOM TecTy mocturayTa peak VO2 mama o1 80% pred VO2 max wiu
Mmamba o011 15-20 MJI/kr/mMuH cMmatpa ce aa je aepoOHu KananuTet cHikeH (Guazzi, 2012, Guazzi, 2017). Ocobe
koje 6onyjy on HfpEF mmMajy Beoma cHIKeHy ToJiepaHIIUjy Hamopa, luxoBa npocedna peak VO2 je oko 15
MJI/KI/MHH, IITO 3HaYH /1a UM je 3a IHEBHE aKTUBHOCTH MOIYT obnadema ogehe norpedHOo oko 60% ykymHe
cHare, 3a crop xoxa oko 70%, Te ia cy OHM 4ecTo (hYHKIMOHATIHO 3aBHCHH of Apyrux ocoba (Nayor, 2020).
Ha ocHOBy ocTtayiux mapamerapa KOjH c€ MpOLEHhYjy Moxe ce cTehu YBHJ Y TO Jia JIM j€ Y3POK 3amapara
LEHTPATHOT WX IepudepHOT MopeKIa, 1a JU Ta Y3pOoKyje JOMHHAHTHO TUCQYHIIKHja cpia win rryha, i
je mak mpobseM y nepudepHoj HCKOPUCTIBMBOCTH Kuceonnka (Guazzi, 2012, Guazzi, 2017).

MNPOINMUCUBAIBE BEXXKBAIBA KAO TEPAIIUJA 3A OCOBE CA HFpEF

[peckpuriiyja BexxOama ocodaMa koje 0011yjy 0J1 CpUaHe clIadOCTH MOpPa CE€ CIIPOBOJIUTH Ca BETUKUM
OTIPE30M W Ha HAYMH KOjH TIOJpa3yMeBa aJleKBaTHY eBaIyaljy mocrojeher kapauopecnupaTopHOT cTaryca
(Hansen, 2021, Sachdev, 2023, Mezzani, 2012). Nuuiujanna eBaiyaruja KapIuopecnupaToOpHOr cTaTyca u
KOH/IMIje 0co0e CIIPOBOIHN Ce Kap IOy IMOHATHUM cTpec TectoM (Guazzi, 2022, Hansen, 2021, Mezzani,
2012). AnTepHaTHBHO, Ca MHOTO MambOM IIPEIU3HOIINY, 32 TIPOIIEHY KOHIUIH]je MOXKe c€ KOPUCTUTH O0rIaH
Tect (usnukum onrepehemem, 0e3 Meperma KOHIIEHTpalllje racoBa y naaxuyrom Basayxy (Fletcher, 2013).
Pauynamem mnapamerapa kao mrto cy peak VO2, makcumaiHa cpuyaHa (peKBeHI@, NPBH H JPYTU
BeHTHIaTopHU npar (VT1 u VT2), kapauomnyaMoHaIHN TecT oMoryhaBa aJieKBaTHO JO3UPAbEe U IIaHUPAbEe
nporpama BexOama (Binder, 2008, Cavigli, 2020, D’Ascenzi, 2022). Makcumanua cpuana ¢peksenia (HR
max je mapaMeTap Ha OCHOBY KOra ce TpaJWIMOHAIHO NpoIcHBaga (U3NYKAa aKTUBHOCT, HWIAK,
KapJMOIyIMOHAIIHU ~TeCT omoryhaBa joml Npenu3HHjy MpoleHy Kako mnoctojeher ¢yHKunoHaIHOT
KaraluTeTa, Tako U OHOr Koju Om Tpebano mocturnyTd. lllTaBuine, MHTEH3UTET BekOama ce oapehyje
nporenTom peak VO2 koju 6u TokoM BexOama Tpedano noctuhu, a y rome nomaxy u VT1 u VI2. VT1 win
MPBH JIAKTATHH TIpar, MpeJcTaB/ba MOMEHAT Kajia je OpraHu3aM uciprico nocrojehe aepoOHe kamanureTe u
kaja henuje npesase Ha aHaepoOHU MeTaboIM3aM, Y KOjeM ce MOJIEKYJI INTyKO3€ PellyKyje A0 JaKTara, a I0TOM
300r cHmxkaBama pH KpBu jgonasu g0 nosehama muHyTHe BeHTwinanuje (VE). Tlpu kapauonyiMoHaTHOM
tecty onrtepeherma, VT 1 Moxke ce mpeno3HaTu Kao mopact Haruba kpuse ogHoca VE u npoaykiuje yribeH-
mokcnna (VCO2). To ce nemaBa Ha oko 50-60% peak VO2. Kazna ce ucipne KOMIeH3aTOpHA BEHTHIATOPHU
nydepckn MexaHU3MH, JI0JIa3H JI0 TIOHOBHOT TIOPAcTa JIaKTaTa y KpBH U naja pH, ¥ Taj MOMEHAT Ipe/icTaBlba
VT2. OH ce obuuno nemrasa Ha 70-80% makcumanHor aepooHor kamarureTa (Binder, 2008, Cavigli, 2020,
D’Ascenzi, 2022). Ha ocHOBY 0BHX mapamMeTapa MOXe ce MPOIUCATH BeXOamke KeJbeHOT HHTEH3UTETa!

1) naka (u3uyuKa aKTHBHOCT MOJpa3yMeBa OHY IpHU K0joj HUje JocTUrHyT VT 1, mITo 3HaYM HHTEH3UTETa

Mamber o7 40% peak VO2 wim 55% HR max;

2) yMepeH MHTEH3HUTET pu3nyKe akTHBHOCTH je Ha 40-69% peak VO2 mm 55-74% HR max;
3) wuHreH3uBHa (usnuka aktuBHOCT Ha 70-85% peak VO2 u 75-90% HR max;
4) BeoMa MHTCH3WBHA (DU3MYKA aKTUHOCT IOJpa3yMeBa 1a je 1ocTurHyT u VT2, 1j. UnTensutera Beher

ox 85% peak VO2 u 90% HR max (Pelliccia, 2020).
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Haxo ce HR max nakiie nponemyje, agekBaTHUje je A03upame QU3NUKEe aKTUBHOCTH KOpHUIIieheM

VO2, VT1 u VT2, 3aro mro je HR max mon yrumiajem dapMakosonike Tepamnuje Koja ce KOpUCTH 3a

neuerse komopbouautera HFpEF ( D’Ascenzi, 2022).

[peckpuryja Be:xOama Mopa3yMeBa Jia ce OJIpe/ic MHTCH3UTET, Tpajame Bexkbama, Opoj cecuja y
TOKy Hezesbe, Tum BexxkOu (Hansen, 2021, Mezzani, 2012). TIpema mpenopykama EBporickor ympyxema
KapJHoJiora 3a CIOPTCKY KapAMOJOTHjy M (U3MYKY aKTHBHOCT 0c00a 00OJIeNUX Of KapIHOBACKyJapHUX
6onectu u3 2020. 'ogune, 3a ocobe ca XpOHUYHOM cpuaHOM ciabourhy npenopydyje ce 3-5 myTa HeJeJbHO
aepobHa ¢usnuka aktuBHOCT nHTeH3UTeTa 40-80% peak VO2, tpajama 20-60 MuHyTa, KOHTHHYHPAHO WM Y
MHTEpBAJIMMa, y KOMOMHAIM]U ca CBAKOJHCHUM TPSHUH3MMa OalaHca U TPEHWH3MMA CHare 2-3 myTa He/leJbHO
(10-15 monaBspama 8-10 pasnmuuutux BexOu mHTeH3HUTeTa 40-60% MakcHMalHe BOJbHE KOHTpPAaKIlHje), ca
nporpecuBHUM TNoBehameM BOJTyMEHa aKTHBHOCTH Ha PEJIOBHUM KOHTpoOJIaMa opAuHHUpajyher iekapa cBakux
3-6 meceru. 3a 6onecauke ca HfpEF mpemopy4yje ce mouetn ca 10 munyTa aepoOHOr Tpenunra u 10 MunyTa
BeXOu cHare, 1a Ou ce y cneaehux mecent mana gocturino 6apem 30-45 MuHyTa (QHU3HUKE AKTHBHOCTH TPU NHITH
BUILIE MyTa Y TOKy Henesbe. CaBeTyje ce M MpOMEHa HauMHa JKMBOTA M OCTAIUX (DakTopa pu3MKa (Kiaca
npenopyke I, auBo mokasa L) (Pelliccia, 2020). 3a cama Hema noy3ganux mojmaraka o Tome jga ju je HIIT
cynepuopuuju y oxnocy Ha MCT (Mueller, 2021, Siddigi, 2023), kox ocoba ca HfpEF, anu ono mro je
HEMHHOBHO jecTe Ja je yBoheme penoBHE (PpU3MYKE aKTHBHOCTH y CKIAAy ca HBHXOBUM MoryhHOCTHMa
ariconytHo uuaukoBaHo (McDonagh, 2021, Pelliccia, 2020, Sachdev, 2023). KomOuHoBame aepoOHOT
TpPEeHWHTa, BeXKOU CHare u aujete aaje Hajoosbe pesyarare (Kitzman, 2016, Brubaker, 2022). Bex6e chare cy
OJ1 BEJIUKOT 3Ha4aja 3a Oonecanke ca HFPEF u mory M mobospimati pyHKIMOHATHOCT U KBAJTUTET KUBOTA —
y MamHM CTyAHjaMa ITOKa3aHO j€ Jla M30JIOBAaHO BexOame mnepudepHux muimha, eKCTeH3Wja KOIeHa,
mo6ojIaBa MPOTOK KPBHU Y M. KBaPHIIETICY U (yHIIMOHAIHY KananuTeT ocode (Esposito, 2011, Hearon, 2022).
JoOpe pesynrare najy ¥ HOBE METOJe Kao IITO Cy BekOe pecrnmpaTopHe MYyCKyJlaType W eJIeKTpUYHa
crumynanuja mummha (Zhuang, 2021). Kitzman u ayropu ucTakin cy BaKHOCT HPOMITHOT 3alOYHbarbha
pexabunuTanmje, jol TOKY XOCHHUTaJIM3aluje HAaKOH aKyTHHX €Mu30[a cpyaHe ci1adocTH, ca (OKycoM Ha
MOKPETHOCT, YCIIOCTaBJbakhe PABHOTEKE, X0/ U BexkOe cHare (Kitzman, 2021).

3AK/BYYAK

HenoBosbHa (¢m3nuka aKkTUBHOCT mpejacTaBiba (aktop pusmka 3a Hactanak HFpEF, mpexo
KOMIUIEKCHHUX MaTO(QU3MONOIMIKIMX MEXaHH3aMa ca KOjJUMa Cy yAPYKEHH T'0ja3HOCT, XpOHHYHA WH(IaMalyja
W HapylIeHa MUKPOIUPKIIAIIH]a.

KoHTHHYpaHa mporpamupasa u ciio0oaHa (U3MYKa aKTHBHOCT IMPAXHOI MHTEH3UTETa W o0MMa
npesenupa Hactanak HFpEF, kox oco6a koje cy Beh obonene on HFpEF nosehasa ¢pyHkunonannu kanauurer,
Ka0 ¥ KBAIUTET XKHUBOTA, JIOMUHAHTHO ycJje]] oO0JbllIamha OKCUIATHBHOT METa00IM3Ma nepruepHrx Muiuha.
YTuiiaj Ha No0OJbIIAkE TUjacTOIHE (DYHKIIHM]E CPIIa jOIl YBEK j€ MPEeIAMET UCITUTHBAbA.

Bonecanunma ca HFpEF unnukoBaHo je MHAMBHIYaIN30BaHO IPONUCHUBAKE (DU3NYKE AKTUBHOCTH Y
CKJIaJy Cca HUXOBHM MOTYNHOCTMMAa W TOJIEPaHIMjOM HAropa.-pernopydyyje ce KomOuHanuja aepoOHOT
TPEHWHTA, BeXOU CHare, BexxOnbananca u ajJiekBaTHe JiijeTe.
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