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Foreword 

This thesis is a collection of 12 studies focusing on physical activity and 
exercise in the elderly and chronically ill. All studies were published in the 
past five years as a paper in a journal indexed in the Web of Science (the only 
exception is Study 5, which is currently under review in the International 
Journal of Behavior Nutrition and Physical Activity). I am the first and 
corresponding author of all papers, except Study 7, where I am only the 
corresponding author.  

Flanked by the short Introduction (Chapter 1) and Conclusions (Chapter 
8), the main body of the thesis is formed by six interrelated chapters that 
progressively develop the topic of physical activity and exercise in the elderly 
and chronically ill.  

Chapter 2 deals with the objective assessment of physical activity. 
Specifically, it sheds light on the current use of accelerometers and provides 
practical recommendations for researchers and clinicians (Study 1).1 It also 
discusses the use of consumer-level activity monitors and reports on the 
results of our validation study of six monitors (Study 2).2  

The next Chapter 3 summarises our research of interventions to increase 
habitual physical activity. This section features our study of a walking 
intervention delivered in primary care (Study 3)3 and explores the experiences 
of patients participating in this intervention (Study 4).4 Furthermore, this 
section also includes a systematic review and meta-analysis of studies of 
physical activity interventions combining self-monitoring with other 
intervention components (Study 5).5  

Mental health benefits of physical activity are discussed in Chapter 4, 
which includes a study assessing the effect of a physical activity intervention 
on anxiety and depression symptoms (Study 6).6 In addition, this section also 
explores the links between physical activity, physical fitness and mental 
health in a specific population of severely obese patients undergoing bariatric 
surgery (Study 7).7  
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Chapter 5 is dedicated to strength training in older adults. First, it 
summarises the effect of strength training on sarcopenia and frailty (Study 8).8 
Then, it focuses on the safety and efficacy of increasingly popular plyometric 
training (Study 9).9 Finally, it reports the results of our training study of 
assisted training in older adults (Study 10).10  

Findings from previous chapters are integrated with Chapter 6 that 
demonstrates how habitual physical activity and structured exercise training 
mutually interact. This chapter includes one study that investigated the effect 
of attending exercise sessions on the levels of habitual physical activity later 
that day and the following day (Study 11).11 

Finally, Chapter 7 puts physical activity in the context of the ongoing 
COVID-19 pandemic and explores the effect of COVID-19 nationwide 
quarantine on accelerometer-assessed physical activity of heart failure 
patients (Study 12).12 

All chapters start with a brief commentary to help readers follow the flow 
of the thesis. Then, within the chapters, the individual studies are reprinted in 
full (only in the printed version of the thesis) and introduced with several 
paragraphs covering background, methods and results, conclusions, and the 
impact of the study.        

The studies included in the thesis are:  
Study 1: Vetrovsky T, Clark CCT, Bisi MC, Siranec M, Linhart A, Tufano JJ, et 

al. Advances in accelerometry for cardiovascular patients: a systematic review with 
practical recommendations. Esc Hear Fail. 2020;7(5):2021–31.  

Study 2: Vetrovsky T, Siranec M, Marencakova J, Tufano JJ, Capek V, Bunc V, et 
al. Validity of six consumer-level activity monitors for measuring steps in patients 
with chronic heart failure. Plos One. 2019;14(9):e0222569.  

Study 3: Vetrovsky T, Cupka J, Dudek M, Kuthanova B, Vetrovska K, Capek V, et 
al. A pedometer-based walking intervention with and without email counseling in 
general practice: a pilot randomized controlled trial. Bmc Public Health. 
2018;18(1):635.  

Study 4: Vetrovsky T, Vetrovska K, Bunc V. A qualitative exploration of the 
experiences of primary care patients engaged in email counseling meant to increase 
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physical activity. Acta Gymnica. 2019;49(2):75–82.  
Study 5: Vetrovsky T, Borowiec A, Jurik R, Wahlich C, Smigielski W, Steffl M, et 

al. Do physical activity interventions combining self-monitoring with other 
components provide an additional benefit compared to self-monitoring alone? A 
systematic review and meta-analysis. Under review.  

Study 6: Vetrovsky T, Cupka J, Dudek M, Kuthanova B, Vetrovska K, Capek V, et 
al. Mental health and quality of life benefits of a pedometer-based walking 
intervention delivered in a primary care setting. Acta Gymnica. 2017;47(3):138–43. 

Study 7: Vetrovsky T, Fortova T, Conesa-Ros E, Steffl M, Heczkova J, Belohlavek 
J, et al. Increased Cardiopulmonary Fitness Is Associated with a Greater Reduction in 
Depression among People Who Underwent Bariatric Surgery. Int J Environ Res 
Public Health. 2021;18(5):2508.  

Study 8: Talar K, Hernández-Belmonte A, Vetrovsky T, Steffl M, Kałamacka E, 
Courel-Ibáñez J. Benefits of Resistance Training in Early and Late Stages of Frailty 
and Sarcopenia: A Systematic Review and Meta-Analysis of Randomized Controlled 
Studies. J Clin Medicine. 2021;10(8):1630.  

Study 9: Vetrovsky T, Steffl M, Stastny P, Tufano JJ. The Efficacy and Safety of 
Lower-Limb Plyometric Training in Older Adults: A Systematic Review. Sports Med. 
2019;49(1):113–31.  

Study 10: Vetrovsky T, Omcirk D, Malecek J, Stastny P, Steffl M, Tufano JJ. 
Overspeed Stimulus Provided by Assisted Jumping Encourages Rapid Increases in 
Strength and Power Performance of Older Adults. J Aging Phys Activ. 
2020;29(2):259–66.  

Study 11: Vetrovsky T, Omcirk D, Malecek J, Stastny P, Steffl M, Tufano JJ. 
Morning fatigue and structured exercise interact to affect non-exercise physical 
activity of fit and healthy older adults. Bmc Geriatr. 2021;21(1):179.  

Study 12: Vetrovsky T, Frybova T, Gant I, Semerad M, Cimler R, Bunc V, et al. 

The detrimental effect of COVID-19 nationwide quarantine on accelerometer-assessed 
physical activity of heart failure patients. Esc Hear Fail. 2020;7(5):2093–7.  
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1. Introduction 

Physical inactivity is responsible for up to 8% of non-communicable 
diseases and deaths across the world.13 It is also associated with a higher risk 
for severe COVID-19 outcomes,14 has a negative effect on mental health,15 and 
results in decreased quality of life.16 Thus, effective interventions to increase 
physical activity and reduce sedentary behaviour are urgently needed.17  

The detrimental effects of physical inactivity are even more pronounced in 
older and chronically ill adults.18,19 Unfortunately, these populations typically 
achieve below-average levels of physical activity, and they are also more 
resistant to interventions aimed at increasing physical activity.20–22 Therefore, 
every effort must be made to find novel and effective approaches to increasing 
physical activity in the elderly and chronically ill.  

This need has also been highlighted by the latest WHO Guidelines on 
Physical Activity and Sedentary Behaviour that dedicated specific sections to 
adults aged 65 years and older and adults with chronic conditions such as 
cardiovascular diseases, type 2 diabetes, and cancer.23 The recommendations 
for both elderly and chronically ill are more or less the same: they should do 
at least 150 to 300 minutes of at least moderate-intensity aerobic activity AND 
muscle-strengthening exercises that involve all major muscle groups on at 
least two or more days a week. In addition, older adults should do varied 
multicomponent activities that emphasise functional balance and strength 
training on three or more days a week.23   

When adhering to these guidelines, both older adults and adults with 
chronic conditions reap similar benefits: lower risk of all-cause and cause-
specific mortality,24,25 lower adiposity,26 and better cognitive outcomes27 are 
just a few examples. In addition, there are also some benefits of physical 
activity specifically related to either older adults (reduced rates of falls, 
reduced risk of age-related loss of physical function) or chronically ill (greater 
reduction in HbA1c and blood pressure, reduced risk of cancer 
recurrence).28,29  
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In summary, older adults and chronically ill are specific subgroups that 
have much in common and in which insufficient levels of physical activity 
lead to deterioration of their physical and mental health. At the same time, 
their limited functional abilities further reduce their physical activity levels, 
thus creating a vicious circle that is difficult to break. Therefore, the 
overarching aim of this thesis is to help the elderly and chronically ill live 
longer and healthier lives by engaging in regular physical activity and 
exercise.        
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2. Objective assessment 
 of physical activity 

Traditionally, physical activity has been assessed using questionnaires 
such as IPAQ.30 However, questionnaires suffer from well-documented flaws, 
including recall bias, social desirability, etc., usually leading to overestimates 
of physical activity levels.31 To overcome these drawbacks, researchers have 
long used objective measurement with accelerometers to increase the accuracy 
of physical activity assessment.32 Unfortunately, accelerometers have their 
downsides, and their use creates new challenges to be resolved.33  

Typically, researchers face many decisions such as the accelerometer 
placement (hip vs wrist), wear time (waking hours vs 24 h wear), choice of 
outcomes (minutes of moderate-to-vigorous physical activity vs average 
acceleration), choice of cut points, methods of dealing with non-wear time, 
etc.34 Each of these decisions affects the results of a study and their 
interpretation and comparability with other studies. Therefore, it is 
paramount to reach a consensus about the appropriate accelerometry 
protocols and their proper reporting. Various research groups and consortia 
have already proposed their recommendations;35 however, these are primarily 
focused on the general population and do not consider specific aspects of the 
elderly and chronically ill. Thus, in Study 1, we aimed to shed light on the 
current use of accelerometers for the assessment of physical activity in 
chronically ill, specifically in patients with heart failure, and provide practical 
recommendations for researchers and clinicians.1 

Another downside of research-grade accelerometers (e.g., Actigraph, 
Axivity) is their high price which can be prohibitive, especially in large 
studies. As a result, researchers often resort to cheaper consumer-level activity 
monitors (e.g., Fitbit or Garmin) that offer seemingly same measurement 
capabilities as the research-grade accelerometers.36 Indeed, in many validation 
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studies, consumer-level devices have been shown as equivalent to research-
grade accelerometers.37 However, most of these studies have been conducted 
in the general population with a standard gait and movement patterns; thus, 
whether the consumer devices can be appropriately used in the elderly and 
chronically ill is less clear.38 Therefore, in Study 2, we aimed to validate six 
consumer-level activity monitors in patients with heart failure.2 

Study 1: Using accelerometers in the chronically 
ill 

In the past decade, objective assessment of physical activity using 
accelerometers witnessed fast development, propelled mainly by advances in 
computational methods, including machine learning.39 This field of research 
covers various topics such as the development of emerging metrics 
independent of population-specific cut points,40 use of raw acceleration 
(usually expressed as Euclidean Norm Minus One, ENMO) instead of 
proprietary “counts”,41 detection of sitting as a posture (rather than just lack of 
physical activity),42 or use of accelerometers to trigger context-aware 
Ecological Momentary Assessments.43–45 However, these new emerging 
approaches are only slowly translated into practice, especially in clinical 
settings where relatively old-fashioned methods still prevail. In addition, the 
methods are often insufficiently and inappropriately reported, limiting the 
reproducibility of the findings.46 Thus, we aimed to map the methods used to 
collect and process accelerometry data and examine the quality of reporting of 
these methods in chronically ill patients.  

We chose heart failure as an example of chronic disease because of its 
increasing prevalence and economic burden and conducted a systematic 
review of all studies using accelerometers in heart failure patients. We 
identified 60 papers: 32 observational studies, 12 randomised controlled trials, 
8 validation studies, 5 published study protocols, and 3 quasi-experimental 
studies. In total, 27 accelerometer brands and 46 models were used in the 
reviewed studies, with Actigraph and Fitbit being the most frequently used 
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brands. The most often reported measure of physical activity was the daily 
number of steps (n = 20), followed by proprietary “counts” (n = 15), and time 
spent in physical activity intensity levels (n = 14). Only two studies used raw 
accelerometry data, and no study used machine learning or other emerging 
analytical techniques. To evaluate the quality of reporting, we adapted a tool 
developed by Montoye et al. that scores 12 items considered essential for 
complete reporting.46 The reviewed studies failed to report between one and 
six (median 4) of these 12 items. The most underreported items included the 
criteria for defining non-wear time, the minimum number of minutes needed 
to be considered a valid day, and the number of valid days required for a 
patient to be included in the analysis.1  

In summary, using the example of heart failure, we demonstrated 
considerable heterogeneity and a lack of consensus in the methods used for 
accelerometer data collection and processing in chronically ill. Furthermore, 
we found that despite their well-established limitations, traditional metrics 
such as steps, activity counts, and time spent in intensity levels still prevail. 
Thus, we have revealed an opportunistic gap in using metrics based on raw 
acceleration and machine learning techniques. Finally, we proposed practical 
recommendations for the use of accelerometers in patients with 
cardiovascular and other chronic diseases to encourage researchers and 
clinicians to improve the quality and transparency of their reporting.1  

To ensure that this study will be of practical use to clinicians, it was 
conducted in close collaboration with cardiologists from the General 
University Hospital in Prague (Professor Belohlavek, Dr Siranec). In addition, 
to increase the international impact of our work, we invited distinguished 
researchers in the field of accelerometry from Coventry University, UK 
(Professor Duncan, Dr Clark), and the University of Bologna, Italy (Dr Bisi), as 
international collaborators on this review. This effort proved successful as our 
paper has been used and cited in the recent position paper on measuring 
physical activity with activity monitors in patients with heart failure 
published by the Committee on Exercise Physiology and Training of the Heart 
Failure Association of the European Society of Cardiology.47    
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Study 2: Consumer-level activity monitors  

Consumer-level activity monitors are increasingly used in research, 
surveillance, and interventions for their widespread availability, low cost, and 
ease of use.48,49 However, compared to research-grade accelerometers, 
consumer-level devices have some drawbacks: they use proprietary metrics 
that can be tweaked with new updates of their firmware; frequently launched 
new models are not necessarily compatible with older ones; or lower 
accuracy.50 Despite these drawbacks, the advantages of consumer devices can 
still prevail in some circumstances, provided that their accuracy has been 
rigorously proven.51 In the past decade, a plethora of validation studies 
demonstrated that various models of consumer-level activity monitors, mostly 
from Fitbit, are relatively accurate in healthy adults.36,52,53 However, only a few 
studies validated consumer devices in the elderly and chronically ill.54 For 
example, our systematic review found that none of the consumer-level activity 
monitor available on the market has been validated in heart failure patients.1 
Given that elderly and chronically ill usually have a slower gait that can 
hamper the accuracy of the accelerometers in detecting steps,55,56, the lack of 
evidence of the validity of consumer-level activity monitors is of grave 
concern. Thus, we aimed to evaluate several consumer devices as measures of 
step count in patients with heart failure.   

We evaluated six models of devices: Withings Go, Fitbit Charge 2, Garmin 
vívofit and vívofit 3, Omron HJ-322U-E, and SmartLAB walk+. We recruited a 
convenience sample of 15 patients with heart failure and 14 healthy 
individuals who wore all the devices concurrently with the criterion research-
grade accelerometer Actigraph wGT3X-BT during three days under free-
living conditions. In healthy individuals, all devices except Fitbit Charge 2 
showed substantial correlation (Concordance Correlation Coefficient, CCC 
>0.95) with the criterion device and Mean Absolute Percentage Error, MAPE 
<10%, which is considered as a threshold for the validity of activity monitors. 
However, in patients with heart failure, none of the devices demonstrated 
substantial correlation, and only two devices (Garmin vívofit 3 and Withings 
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Go) showed at least moderate correlation (CCC >0.90). The MAPE was in the 
range of 12-18%, except for Fitbit Charge 2, with a high MAPE of 46%. The 
free-living testing was complemented with a lab-based study where 20 
healthy participants walked at a treadmill at speeds of 2.4, 3.0, 3.6, and 4.2 
km/h at 0% grade. It demonstrated that at slower speeds (3.0 km/h and 
lower), the accuracy of all devices substantially deteriorated.2   

Thus, in heart failure patients and other chronically ill with impaired and 
slower gait, the accuracy of consumer-level activity monitors cannot be taken 
for granted, even though these devices have been validated in healthy adults 
with a normal gait. Still, most consumer-level monitors perform reasonably 
well enough to be valuable tools that clinicians can use for long-term self-
monitoring to motivate their patients to walk more. However, for research 
purposes, research-grade accelerometers should be preferred for their greater 
accuracy and because they give researchers better control of the data 
collection and processing.2   

Despite the plethora of studies validating consumer-level activity monitors 
in healthy adults,50 only a few papers dealt with their accuracy in chronically 
ill.1 Our study filled this gap and was the first study validating activity 
monitors in heart failure patients under free-living conditions. Consequently, 
the published paper has been frequently cited (7 citations in the Web of 
Science in the first two years since publication), reaching the 83rd citation 
percentile in the Web of Science impact beam plot. In addition, as a result of 
this paper, its first author has been invited to speak on activity monitoring 
devices at the ESC Preventive Cardiology 2021 congress.  
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3. Interventions to increase  
habitual physical activity 

Despite the well-proven benefits of physical activity for healthy ageing and 
the prevention and treatment of various chronic diseases,57 the majority of 
adults does not adhere to the physical activity recommendations.58 Thus, 
effective interventions to increase habitual physical activity are critically 
needed.  

Among various settings (in the community, at work), a healthcare setting 
seems to be especially suitable for delivering physical activity interventions, 
especially among the elderly and chronically ill.59 Specifically, general 
practitioners are well situated to provide physical activity interventions to 
older adults and the chronically ill.60–62 Thus, in Study 3, we aimed to evaluate 
the feasibility and potential efficacy of a physical activity intervention 
delivered in general practice.3 Furthermore, in Study 4, we qualitatively 
explored the experiences of patients participating in this intervention and 
analysed what behaviour change techniques they used to increase their daily 
step count.4   

One of the behaviour change techniques effectively used in our study was 
self-monitoring.4 Indeed, self-monitoring with consumer-level activity 
monitors has been consistently shown as a powerful behaviour change 
technique 63,64. However, given the positive impact of self-monitoring on 
physical activity levels, it is not clear if the effect of various complex physical 
activity interventions is primarily caused by self-monitoring alone or if 
additional components offer further benefits. Thus, in Study 5, we attempted 
to determine whether interventions that combine self-monitoring with other 
intervention components provide an additional benefit to self-monitoring 
alone.5  
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Study 3: Interventions in healthcare settings 

General practitioners have great potential to advise their patients on 
recommended physical activity and shape their beliefs and attitudes towards 
physical activity.60,65 In developed countries, the majority of adults visit their 
practitioner at least once a year, and general practitioners are viewed as 
credible sources of health information, particularly among the elderly and 
chronically ill.66 Moreover, most practitioners believe that physical activity 
counselling is important and that they play a role in promoting physical 
activity among their patients.61 Thus, it is not surprising that the National 
Institute for Health and Care Excellence in the UK recommends that general 
practitioners should identify inactive adults and advise them to increase their 
PA levels.67 Unfortunately, practitioners often lack the time and appropriate 
training necessary to deliver physical activity interventions.65 Thus, we 
conducted a pilot randomised controlled trial of a physical activity 
intervention to assess its feasibility and potential efficacy to support the 
development of future trials in a primary care setting.  

We recruited physically inactive patients during preventive visits to their 
general practices and randomised them to a 12-week pedometer-based 
walking intervention with or without e-mail counselling. We found that the 
recruitment was feasible and acceptable but relatively slow and inefficient; 
moreover, general practitioners selectively recruited overweight and obese 
patients. Patients manifested high adherence, wearing the pedometer on 83% 
(± 20) of days. All patients from the counselling group actively participated in 
e-mail communication and responded to 46% (± 22) of the e-mails they 
received. Both groups significantly increased their daily step-count 
(pedometer-plus-email, + 2119, p = 0.002; pedometer-alone, + 1336, p = 0.03), 
but the difference between groups was not significant (p = 0.18). When 
analysing both groups combined, there was a significant decrease in body 
mass (− 0.68 kg, p = 0.04), waist circumference (− 1.73 cm, p = 0.03), and 
systolic blood pressure (− 3.48 mmHg, p = 0.045).3  

Our study provided important information for conducting future 
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randomised controlled trials of physical activity interventions delivered in 
general practice. Specifically, we found that patients recruited during 
preventive visits demonstrate excellent adherence to self-monitoring with an 
activity monitor and high levels of engagement with additional counselling. 
We also identified several issues that need to be addressed when designing 
future trials, namely the relatively slow and inefficient recruitment process, 
selective recruitment, and technical issues.3 

The results of this study have been used to design a large randomised 
controlled trial of physical activity intervention in general practice 
(ENERGISED trial) in collaboration with the Institute of General Practice of 
the First Faculty of Medicine, Charles University (Professor Seifert). The trial 
has recently received funding (10 mil. CZK) from the Czech Health Research 
Council (Agentura pro zdravotnický výzkum České Republiky, AZV) of the 
Ministry of Health of the Czech Republic (Grant Number NU21-09-00007). 

  



 
 

 18 

Study 4: Patients' experiences with physical 
activity interventions 

Understanding beliefs, attitudes, and experiences of participants in 
physical activity interventions is critical for the successful implementation of 
these interventions.68 Therefore, many studies conduct qualitative analyses of 
interviews with the study participants.69–71 While this is a useful approach, it 
also has its limitations as the interviewees might be influenced by the 
interview situation. As such, they may not provide reliable information 
because of either an unconscious bias or even conscious and deliberate 
attempts to mislead the interviewer.72 Thus, supplementing the interviews 
with the direct analysis of counselling content can yield additional insight. 
Unfortunately, papers that qualitatively analyse the content of physical 
activity counselling in primary care are rare, 73,74 which might be explained by 
the inconvenience of recording face-to-face or telephone counselling sessions. 
Our study described in the previous section3 used e-mail counselling; thus, we 
had the convenience of access to the full content of e-mail communication 
with the study participants. Therefore, we explored the experiences of 
primary care patients participating in a physical activity intervention using 
the content of their e-mail messages. 

We extracted, coded, and analysed 32 e-mail messages from 10 participants 
using thematic analysis. We identified 22 themes and grouped them into three 
categories: reflections on the pedometer-based intervention, use of behaviour 
change techniques, and barriers that affected participants’ engagement in 
physical activity. Most participants well accepted the intervention: they 
enjoyed walking and appreciated the activity monitor. Action planning, goal 
setting and self-monitoring were the most prevalent behaviour change 
techniques implemented by the participants. Time constraints, weather 
conditions, and lack of motivation were the most common barriers that got in 
the way of increasing physical activity.4 

In summary, using thematic analysis of the email messages written by 
participants in the course of physical activity counselling intervention, the 
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study extended previous findings on the use of behaviour change techniques 
by intervention participants, documenting their perceptions and experiences 
with various techniques. The study also identified common barriers 
encountered by intervention participants in their effort to increase their level 
of physical activity.4  

The results of this study significantly contributed to the design of the 
ongoing ENERGISED trial described in the previous section. Specifically, the 
behaviour change techniques identified in the study were built into the 
intervention. Furthermore, strategies to overcome various barriers to physical 
activity documented in the study were developed and included in the 
intervention.  

  



 
 

 20 

Study 5: Self-monitoring as a powerful 
behaviour change technique 

Self-monitoring using consumer-level activity monitors is a powerful 
behaviour change technique,75–77 frequently used in physical activity 
interventions, as demonstrated in our previous study.4 Considering the 
positive impact of self-monitoring on physical activity levels, it is worth 
questioning if the effect of various complex interventions is primarily caused 
by self-monitoring alone and if additional components further bolster the 
effects or have no effects. Thus, it seems pertinent to question the net effect of 
various intervention components above and beyond the self-monitoring 
effects, especially as some of these components (e.g., in-person counselling) 
are often resource-intensive compared with simple self-monitoring.78 
Therefore, our study aimed to determine whether complex physical activity 
interventions that combine self-monitoring using activity monitors with other 
intervention components provide an additional benefit to self-monitoring 
alone. 

We systematically reviewed and meta-analysed randomised controlled 
trials that compared an intervention using self-monitoring with an activity 
monitor to increase physical activity (active control arm) with an intervention 
comprising precisely the same treatment PLUS any additional component 
intended to further increase physical activity (intervention arm). The search of 
five databases complemented by backward and forward citation searches 
yielded 65 eligible studies. At post-intervention, the mean difference between 
the intervention and active control arms was 947 steps/day; at follow-up, the 
mean difference was 439 steps/day. Meta-regressions suggested that 
interventions with a prescribed goal and added human counselling, 
particularly via phone/video calls, were associated with a greater mean 
difference in the daily step-count than interventions with added print 
materials, websites, smartphone apps, or incentives.5  

We concluded that complex physical activity interventions that combine 
self-monitoring using activity monitors with other intervention components 



 
 

 21 

provide an additional benefit above and beyond self-monitoring alone. 
However, these interventions owe a substantial part of their overall effect to 
simple self-monitoring; thus, they should be assessed against active control 
arms comprised of self-monitoring and goal-setting to isolate the net effect of 
additional potentially resource-intensive components.5 

This study resulted from international collaboration with the St George’s 
University of London, UK (Professor Harris, Dr Wahlich) and the National 
Institute of Cardiology in Warsaw, Poland (Professor Malek, Professor 
Drygas). At the time of writing (September 2021), the manuscript of this study 
is under review in the International Journal of Behavior Nutrition and 
Physical Activity (impact factor 6.714). Moreover, the abstract of the study has 
been accepted for the Public Health Science 2021 conference. Consequently, it 
will be published as a meeting abstract in the special issue of The Lancet 
(impact factor 79.321). Thus, we assume that this study will gain high 
visibility and be adopted by the international community of researchers in the 
field of physical activity interventions.  
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4. Physical activity and  
mental health 

The beneficial effects of physical activity on physical health have been long 
recognised.79 More recently, researchers and clinicians realised the benefits of 
physical activity for mental health, both in patients diagnosed with anxiety 
and depression15 and those without clinically diagnosed disorders.80,81 As the 
elderly and chronically ill have an increased prevalence of anxiety and 
depression, the mental health benefits of physical activity in these populations 
are all the more important.  

Despite decades of research on the effects of physical activity on mental 
health, there are still some knowledge gaps. Specifically, the body of evidence 
on mental health benefits of walking interventions in a primary care setting is 
contradictory and inconclusive.68,82,83 Thus, in Study 6, we conducted a 
secondary analysis of our randomised controlled trial, described in the 
previous section, to explore the effect of the intervention on anxiety and 
depression symptoms and health-related quality of life.6         

Similarly, evidence regarding the benefits of improved physical activity 
and fitness for the mental health and well-being of bariatric surgery patients is 
limited.84–86 Thus, in Study 7, we aimed to determine the effect of changes in 
cardiopulmonary fitness on changes in mental health, fatigue, and health-
related quality of life of patients with severe obesity who underwent gastric 
bypass surgery.7 

Study 6: Mental health benefits of physical 
activity 

Regular physical activity protects against the development of anxiety 
disorders and depression, reduces their symptoms, and increases the quality 
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of life among patients with diagnosed anxiety disorders or depression.15 
Moreover, physical activity positively impacts symptoms of anxiety and 
depression even among people without clinically diagnosed anxiety or 
depression.80,81 Walking is the most popular form of physical activity, 
especially among the elderly and chronically ill.87 However, evidence 
regarding the positive effect of walking interventions on mental health among 
people without clinically diagnosed mental disorders is inconclusive.68,82,83 
Therefore, we aimed to assess whether a walking intervention delivered in 
primary care affects anxiety and depression symptoms and health-related 
quality of life in a general population of adults without clinical mental 
disorders.  

We analysed data from our randomised controlled trial of the 3-month 
pedometer-based walking intervention described in the previous section. 
Study participants were administered the Hospital Anxiety and Depression 
Scale (HADS) and MOS 36-Item Short-Form Health Survey (SF-36) 
questionnaires before and after the intervention. Post-intervention, the 
average daily step count increased by 1,676 steps, representing an increase of 
33% from baseline. Both the anxiety and depression subscales of HADS 
decreased, while the physical functioning, social functioning, mental health, 
vitality, and general health subscales of SF-36 increased.6   

In conclusion, providing primary care patients with a pedometer and 
encouraging them to walk more in a primary care setting was associated with 
lower anxiety and depression scores and improved health-related quality of 
life. However, due to limitations of the quasi-experimental design of our 
study and the fact that recent large randomised controlled trials have failed to 
display similar findings, this conclusion should be viewed with caution and 
should be verified in future large randomised controlled trials.6  
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Study 7: Physical fitness and depression in 
bariatric patients 

Physical activity, physical fitness, and obesity are mutually interconnected 
constructs affecting mental health.84 In severely obese patients undergoing 
bariatric surgery, increased fitness improves the surgery process by greater 
post-surgery weight loss, improved body composition, and enhanced physical 
activity following surgery.88,89 Conversely, lower levels of fitness have been 
associated with suboptimal weight loss and weight regain post-surgery90. 
However, evidence regarding the benefits of improved fitness for the mental 
health and well-being of bariatric surgery patients is limited.85,86 Thus, the aim 
of this study was to determine the effect of changes in cardiopulmonary 
fitness on the mental health of patients with severe obesity who underwent 
gastric bypass surgery.  

In this prospective observational study, we assessed cardiopulmonary 
fitness, physical activity, mental health, fatigue (Multidimensional 
Assessment of Fatigue questionnaire), and health-related quality of life (SF–36 
questionnaire) of 26 patients prior to and 1, 3, and 6 months after bariatric 
surgery. Following the surgery, body weight and body fat percentage 
progressively improved. Mental health, fatigue, and quality of life also 
improved. Cardiopulmonary fitness operationalised as distance walked 
during the six-minute walk test increased by 36 m, and physical activity 
assessed with an accelerometer increased by 1260 steps/day. Improvements 
in the depression symptoms were significantly affected by changes in 
cardiopulmonary fitness: the greater the increase in cardiopulmonary fitness, 
the better the improvement in depression symptoms. In particular, increments 
of 10 m in the six-minute walk test led to the improvement of 0.5 points on the 
depression subscale of the Hospital Anxiety and Depression Scale (HADS) 
questionnaire (range 0 to 21). The results haven’t changed after controlling for 
age, sex, change in weight, presence of comorbidities, and change in the daily 
number of steps.7  

According to our findings, the observed increase of 36 m in 6MWT at three 
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months post-surgery translates to a significant decrease of 1.8 points on the 
21-point depression scale. As the minimal clinically important difference for 
depression score has been triangulated to be between 1.4 and 1.7, our finding 
represents a noticeable improvement, especially given the relatively low 
baseline values. These results suggest that patients should participate in 
exercise training programs to increase their fitness status for optimal physical 
and mental outcomes of bariatric surgery.7  



 
 

 26 

5. Strength training in older adults 

The majority of physical activity interventions in the elderly and 
chronically ill focus on steady-state aerobic physical activity. However, 
strength training is no less important for these populations as it increases 
physical performance and muscle strength which can help maintain 
independence and improve one’s quality of life.91–93 Indeed, recent WHO 
guidelines recommend that older adults and adults with chronic conditions 
should do muscle-strengthening activities that involve all major muscle 
groups on two or more days a week.23   

Strength training is also an effective strategy to prevent and treat 
sarcopenia and frailty, syndromes that are highly prevalent among the elderly 
and negatively affect their quality of life.92,94,95 However, there is a knowledge 
gap regarding the benefits of strength training at early (prevention) and late 
(treatment) stages in both syndromes combined. Thus, in Study 8, we aimed 
to synthesise current evidence regarding the effect of strength training 
interventions on muscular strength, physical function, and body composition 
in the elderly with both sarcopenia and frailty.8   

Among various strength training modalities, plyometric training is a 
popular exercise technique that employs rapid eccentric motion followed 
immediately by a rapid concentric contraction.96 Plyometric exercises were 
originally utilised in sports training to promote muscular power, agility, and 
rapid force production.97,98 These same effects of plyometrics could be 
beneficial for older adults as they can help maintain independence and 
decrease the risk of falling.99,100 However, whether plyometric training is a safe 
and efficacious training option in older adults is not known. Thus, in Study 9, 
we evaluated the safety and efficacy of plyometric training in older adults 
regarding various performance, functional, and health-related outcomes.9  

A typical example of plyometric exercise is jump training.96 However, in 
the elderly, jump training could be perceived as a dangerous and daunting 
task. Assisted jumping can serve as a low-impact alternative to traditional 
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body-weight jumping, which might be more suitable for the population of 
older adults.101 Assisted jumping has been often used in athletes but has never 
been tested in older adults.102 Thus, in Study 10, we aimed to evaluate whether 
a 4-week training program including assisted jumping could improve jump 
performance, muscular strength, and balance in older adults.10  

Study 8: Strength training as prevention of 
sarcopenia and frailty in older adults 

Sarcopenia and frailty are debilitating syndromes with rapidly increasing 
prevalence among the elderly.103 Both syndromes significantly increase the 
risk of falls, disability, dependence, hospitalisation, and mortality with an 
associated increase in public health costs.104,105 Fortunately, sarcopenia and 
frailty can be prevented and even reversed with strength and resistance 
training.92,95 However, little is known about the effect of resistance training in 
older adults with both syndromes combined. Furthermore, the effect of 
resistance training in the early stages of both syndromes (i.e., pre-sarcopenia 
and pre-frailty) has not been systematically evaluated. Therefore, we 
synthesised available evidence and conducted a meta-analysis of randomised 
controlled trials of resistance training in older adults with pre-/sarcopenia 
and pre-/frailty.  

We identified 25 randomised controlled trials of resistance training 
interventions of at least eight weeks that recruited 2267 adults over 65 years of 
age with pre-/sarcopenia and pre-/frailty. Many of the included studies 
reported multiple outcomes (e.g., knee extension and knee flexion for lower-
limb strength) with substantially varying intervention effects, sometimes even 
in the opposite direction. Using a standard meta-analytical approach would 
require choosing just one outcome and discarding the others, leading to a 
potential selection bias. Therefore, we used an innovative meta-regression 
technique named robust variance estimation (RVE) because it allows for the 
inclusion of the multiple dependent outcomes from the same study, thus 
avoiding the risk of bias.106 Meta-analysis showed significant changes in 
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favour of resistance training for handgrip and lower-limb strength, agility, 
gait speed, postural stability, functional performance, fat mass, and muscle 
mass. The positive effect of resistance training was also demonstrated during 
early stages, i.e., in the elderly with pre-sarcopenia and pre-frailty.8  

 In summary, we found that resistance training is a highly effective 
strategy to improve muscular strength, physical function, and body 
composition in older adults with pre-/sarcopenia and pre-/frailty. These 
findings reinforce the use of strength training interventions to delay and 
attenuate negative effects of sarcopenia and frailty in both early and late 
stages. 

This study resulted from an international collaboration including the 
University of Murcia, Spain (Dr Courel-Ibanez, Dr Hernandez-Belmonte) and 
the University of Physical Education in Krakow, Poland (Dr Talar, Dr 
Kalamacka). The international research community on Twitter has greatly 
appreciated the study, where it was mentioned by 215 tweeters (Altmetric 
score of 137). Furthermore, in less than five months since publication, it 
collected 6 citations in the Web of Science.8 

  



 
 

 29 

Study 9: Benefits of plyometric training in older 
adults 

Various types of exercise can reverse or at least mitigate an age-related 
decline in health.91 Among them, plyometric exercises, such as jumping, have 
a great potential to promote muscular power and rapid force production in 
the elderly.96 Given that increased rapid force production and power output of 
the lower limbs can maintain independence and decrease the fear or risk of 
falling, plyometric training may help improve one’s quality of life.99,100,107 
Despite these potentially beneficial effects, little research has been performed 
in older adults, and no review has explored whether plyometric training in 
older adults is a safe and efficacious training modality. Therefore, we 
conducted a systematic review to evaluate the safety and efficacy of 
plyometric training in older adults regarding various performance, functional, 
and health-related outcomes. 

We identified 18 published papers reporting on 12 different studies of 
plyometric training in older adults (≥60 years). The studies were relatively 
small, with the largest one including only 36 subjects; the plyometric training 
lasted from 4 weeks to 12 months. The results of the studies indicated that 
plyometric exercises might have the potential for improving various 
performance (muscular strength, jump and physical performance), functional 
(postural stability, daily function), and health-related (bone health, body 
composition) outcomes in older persons. However, only in a few cases was 
plyometric training superior to another type of training with similar volume 
and intensity. In addition, no study reported an increased occurrence of 
injuries or other adverse events related to plyometric exercises.9   

Thus, we concluded that plyometric training is a feasible and safe training 
option that positively affects muscular strength, jump performance, and 
physical performance in older adults. However, only limited evidence 
demonstrates the superiority of plyometric training over other types of 
training.9 

Thanks to the novelty of the topic and the importance of the findings, this 
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paper has been accepted to the prestigious Sports Medicine journal, which 
currently ranks 2nd in the Sport sciences category of the Web of Science (impact 
factor 11.136). Besides, it collected 14 citations in the Web of Science in less 
than three years since publication.  
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Study 10: Assisted jumping: a novel approach to 
strength training in older adults 

Assisted jumping is a high-speed alternative to traditional body-weight 
jumping and is commonly used to introduce novel stimuli into athletes' 
training programs.108 However, the same overspeed stimuli may also be 
effective in older adults who rarely move at fast velocities and do not 
sufficiently recruit high-threshold units in daily life.101 Furthermore, as 
assisted jumping reduces impact forces, it could decrease the risk of an injury, 
thus being more suitable for the elderly.109 Finally, assisted jumping is 
perceived to be easier than body-weight jumping, making it more enjoyable 
for older populations, potentially leading to higher adherence to the training 
program.101 However, no study has yet explored the potential of assisted 
jumping in the elderly. Therefore, we aimed to determine whether assisted 
jumping could be safely and effectively implemented in older adults. 

The study employed a single-group double-pretest posttest design and 
included a 4-week control period followed by a 4-week training period. The 
training program consisted of 11 supervised training sessions lasting up to 20 
minutes, with the number of jumps per session starting at five jumps and 
progressing up to 24 jumps. The participants improved their performance in 
the CMJ as measured by flight time, but other jump characteristics did not 
change. Furthermore, the participants increased the eccentric strength of the 
quadriceps and improved their postural stability. Additionally, the 
participants reported increased enjoyment of jumping following the training 
period. Finally, we did not record any adverse events, injuries, or 
musculoskeletal problems during the training period.10  

In conclusion, our study showed that combining assisted and body-weight 
jumping can improve various functional characteristics of older adults. It 
should be noted that the improvements were observed after just four weeks of 
training and with a relatively low number of jumps; thus, we can speculate 
that a longer program that progressively increases the number of jumps 
would result in even larger improvements.10 
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6. Interaction between  
habitual physical activity and 
structured exercise training 

This thesis has shown that both habitual physical activity and strength 
exercise training are essential for the elderly and chronically ill. We have also 
demonstrated that habitual physical activity can be increased using 
behavioural interventions and that exercise training can positively affect 
muscular strength, body composition, and function of older adults. However, 
in real life, habitual physical activity and structured exercise can potentially 
interact.110,111 For example, as people participate in structured exercise 
training, they tend to behaviourally compensate by decreasing their non-
exercise physical activity. Furthermore, habitual physical activity is 
substantially influenced by physical feelings such as exercise-induced fatigue, 
especially in older adults and chronically ill with increased fatiguability.112–114 
Surprisingly, how older people react to day-to-day fatigue fluctuations and 
whether fatigue plays a role in non-exercise physical activity compensation is 
unknown. Thus, in Study 11, we aimed: (1) To explore whether the volume 
and intensity of habitual physical activity in older adults were affected by 
morning fatigue. (2) To investigate the effect of attending power and 
resistance exercise sessions on the levels of non-exercise physical activity later 
that day and the following day.   

Study 11: The effect of structured exercise 
sessions on non-exercise physical activity  

During the 4-week training program described in the previous section, 
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participants wore an accelerometer attached to their right hip. In addition, 
during the same period, they were prompted every morning, using text 
messages, to rate their momentary fatigue on a scale from 0 to 10. We found 
that greater morning fatigue was associated with lower volume and intensity 
of daily physical activity. Specifically, one point greater on the fatigue scale 
was associated with 3.2 min less moderate-to-vigorous physical activity per 
day, which translates into 22 min less moderate-to-vigorous physical activity 
per week. It can be considered as a clinically significant effect, given that 22 
min equates to roughly 15% of the recommended weekly minimum goal of 
150 min of moderate-to-vigorous physical activity.23 Furthermore, attending 
an exercise session was associated with less moderate-to-vigorous physical 
activity later that day by 3.7 min compared to days without an exercise 
session. However, the compensation was limited to the training day and did 
not impact the following days.11   

In summary, following low-volume exercise sessions, fit and healthy older 
adults decreased their non-exercise physical activity later that day. Still, this 
compensation did not carry over into the next day. It might help to explain 
why so many previous studies failed to detect any compensation in habitual 
physical activity despite exposing the participants to a much greater training 
volume. As those studies compared physical activity before and after the 
entire training period rather than measuring its day-to-day fluctuations, they 
could have easily missed the same-day effect of compensation.11  

The results of our study have important practical implications. As 
momentary morning fatigue negatively affects daily physical activity,114 
interventions with inappropriately high training volume leading to a 
substantial increase in state fatigue might result in a prolonged decrease of 
habitual physical activity, thus blunting the benefits of the training program. 
Consequently, we suggest that the state level of fatigue should be monitored 
during intensive interventions, especially in less fit older adults and those 
with chronic conditions associated with increased fatiguability. 
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7. Physical activity  
in times of pandemics 

Despite the proven benefits of physical activity and exercise for the elderly 
and chronically ill, a substantial portion of this population remains physically 
inactive and refrain from exercise training.13 This unfavourable situation has 
been recently worsened by the COVID-19 pandemics and associated 
measures, such as lockdowns and quarantines that have resulted in limited 
access to public gyms, swimming pools, etc., and overall reduction of physical 
activity.14,115,116 Older adults and the chronically ill are especially vulnerable 
not only because they have a greater risk of developing severe illness but also 
because the reduction in physical activity can lead to a deterioration of their 
physical fitness and potentially result in a long-term worsening of their health 
status and prognosis.117–121 Thus, in Study 12, we aimed to explore the effect of 
a nationwide quarantine in Czechia on accelerometer-assessed habitual 
physical activity of heart failure patients. 

Study 12: Physical activity of heart failure 
patients during COVID-19 lockdown  

We analysed the daily number of steps in heart failure patients during a 6-
week period that included three weeks immediately preceding the onset of 
the quarantine (24 February to 15 March 2020) and the first three weeks of the 
quarantine (16 March to 5 April 2020). Compared with the three weeks before 
the onset of the quarantine, their step count was significantly lower during 
each of the first three weeks of the quarantine. When the daily step count was 
averaged across the three weeks before and during the quarantine, the 
decrease amounted to 1134 steps per day, which translated to a 16.2% 
decrease.12 
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In conclusion, the introduction of the nationwide quarantine due to 
COVID-19 had a detrimental effect on the level of habitual physical activity in 
heart failure patients, leading to an abrupt decrease of daily step count that 
lasted for at least the 3-week study period. Moreover, even after the end of the 
quarantine, we cannot be sure that patients’ physical activity would return to 
their pre-quarantine levels because not engaging in regular physical activity 
could quickly become a new habit after three weeks of inactivity. Thus, 
staying active and maintaining sufficient levels of physical activity during the 
COVID-19 pandemic, for example, by participating in home-based training 
programmes, are essential despite the unfavourable circumstances of 
quarantine.12 

This study was a collaborative effort of six university hospitals led by 
Professor Belohlavek from the General University Hospital in Prague. The 
study was published in the ESC Heart Failure journal and collected 12 
citations during the first 12 months since publication.   
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8. Conclusions 

Increasing physical activity in the elderly and chronically ill is a daunting 
task that requires a complex approach. First, physical activity levels need to be 
accurately assessed using objective methods, such as accelerometers. 
However, we found large heterogeneity and a lack of consensus in the 
methods used for accelerometer data collection, handling, and processing. To 
overcome this obstacle, we have proposed practical recommendations for 
using accelerometers in patients with cardiovascular and other chronic 
diseases to encourage researchers and clinicians to improve the quality and 
transparency of their reporting (Study 1).1 Furthermore, we demonstrated that 
in adults with impaired and slower gait (typical for elderly and chronically 
ill), consumer-level activity monitors' accuracy deteriorates compared to 
research-grade accelerometers. Still, most consumer-level monitors perform 
reasonably well enough to be useful tools that clinicians can use for long-term 
self-monitoring to motivate their patients to walk more (Study 2).2 

Second, effective interventions composed of various behaviour change 
techniques need to be developed based on understanding their target 
population’s needs. We have developed a walking intervention to be 
delivered in a primary care setting and demonstrated that it is feasible and 
potentially effective (Study 3).3 In addition, we identified behaviour change 
techniques preferred by the intervention participants (i.e., action planning, 
goal setting, self-monitoring) and common barriers (i.e., time constraints, 
weather conditions, lack of motivation) that got in the way of increasing their 
physical activity (Study 4).4 Finally, we found that complex physical activity 
interventions that combine self-monitoring using activity monitors with other 
intervention components provide an additional benefit above and beyond 
self-monitoring alone (Study 5).5 Together, these findings were used to design 
an mHealth intervention to be delivered in general practice to increase 
physical activity and reduce sedentary behaviour of patients with prediabetes 
and type 2 diabetes. A large randomised controlled trial assessing the efficacy 
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of this intervention (ENERGISED trial) has recently received funding from the 
Czech Health Research Council of the Ministry of Health of the Czech 
Republic.     

Third, apart from physical health benefits, increased physical activity can 
also improve mental health, even in populations without clinically diagnosed 
mental disorders. For example, we found that simply providing primary care 
patients with a pedometer and encouraging them to walk more is associated 
with lower anxiety and depression scores and improved health-related quality 
of life (Study 6).6 Furthermore, using the example of severely obese patients 
undergoing bariatric surgery, we demonstrated that improvements in 
depressions symptoms are significantly affected by changes in physical fitness 
(Study 7).7 Thus, our findings reinforce the importance of physical activity 
and physical fitness for optimal mental health outcomes.  

Fourth, in addition to aerobic physical activity, strength training is an 
integral part of physical activity recommendations for older adults and adults 
with chronic conditions. We demonstrated that strength training is a highly 
effective strategy to improve muscular strength, physical function, and body 
composition in older adults with pre-/sarcopenia and pre-/frailty (Study 8).8 
Furthermore, we found that plyometric training, previously limited to 
athletes, is a feasible and safe training option that positively affects muscular 
strength, jump performance, and physical performance in older adults (Study 
9).9 Finally, we have adapted the method of assisted jumping for use in the 
elderly and demonstrated its potential to improve various functional 
characteristics of older adults after just four weeks of training. Besides, 
following the training period, participants reported increased enjoyment of 
exercise (Study 10).10 Thus, we paved the way for future trials of assisted 
jumping as a novel exercise method that is safe and effective and enjoyable, 
making it a promising training modality for the elderly and chronically ill.  

Fifth, habitual physical activity and structured exercise training can 
interact due to exercise-induced fatigue, especially in the elderly and 
chronically ill with increased fatiguability. Indeed, we demonstrated that 
greater morning fatigue is associated with lower levels of daily physical 
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activity. Furthermore, we found that following low-volume exercise sessions, 
fit and healthy older adults decreased their non-exercise physical activity later 
that day (Study 11).11 Though this compensation was limited to the same day 
and did not carry over into the next day, we might speculate that with higher 
training volume and less fit adults, the compensation could last longer, thus 
blunting the benefits of the training program. Therefore, we suggest that the 
state level of fatigue should be monitored during intensive interventions, 
especially in less fit older adults and those with chronic conditions associated 
with increased fatiguability.11 

Finally, efforts to combat physical inactivity were recently hindered by the 
COVID-19 pandemics as the lockdowns and quarantines imposed by the 
governments further aggravated the lack of physical activity, especially in the 
most vulnerable populations of the elderly and chronically ill. For example, in 
Czechia, we found that introducing the nationwide quarantine due to COVID-
19 had a detrimental effect on the level of habitual physical activity in heart 
failure patients, leading to an abrupt decrease of daily step count by 
approximately 16% (Study 12).12 Given that physical inactivity is associated 
with a higher risk for severe COVID-19 outcomes 14, it is critical that every 
effort is made to support the elderly and chronically ill to stay active and 
maintain sufficient physical activity levels despite the unfavourable 
circumstances of COVID-19 pandemics.    
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