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1. AIM OF THE PROJECT  

 

 

Chronic kidney disease (CKD) is a worldwide public health problem that affects millions of 

people. In the final stage of the disease, the kidneys cease to function, necessitating 

replacement treatment for the patient's survival. The most common treatment for kidney 

failure is dialysis, which can significantly affect a person's quality of life. 

Physical activity is widely recommended as an effective intervention to improve patients' 

conditions. However, many barriers exist, such as the absence of a physical activity expert 

to whom patients can turn, which can force them into a sedentary lifestyle. 

In order to spread the physical and psychological benefits to as many patients as possible, 

this PhD project aims to conduct a pragmatic, non-randomised trial with an exercise expert 

in the dialysis unit. His role was to contact each patient individually and propose four 

different exercise modalities, from which the patient could choose the one that best suited 

his/her availability. The patients underwent functional assessments and psychological 

questionnaires before the start of the exercise period and repeated the same measurements 

at the end of the planned three months of training. The objectives of the trial included 

determining which type of exercise was preferred by dialysis patients and whether there was 

a difference in effectiveness between the proposed programmes. 

In order to increase the benefits of exercise on the mood of dialysis patients and staff, it was 

considered that the environment of the dialysis centre itself should be modified. Recognising 

the proven benefits of the natural environment on people's mood, the redesign of the dialysis 

centre's exterior and interior environment was designed to harness its effects to enhance the 

patients' experience of the treatment site. 
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2. CHRONIC KIDNEY DISEASE 

 

 

Chronic kidney disease (CKD) is a worldwide public health problem. The causes, 

consequences, and costs of kidney disease have implications for public health policy in all 

countries [1]. This condition occurs when the kidneys are damaged and can’t filter blood the 

way they should. It is a noncommunicable disease with a progressively worsening course. 

From a clinical perspective, CKD is defined as a reduced eGFR (<60 mL·min−1·1.73 m−2), 

excess urinary albumin excretion (ACR ≥30 mg/g), or both [2]. The more common causes 

of CKD in adults are diabetes mellitus and hypertension. Other risk factors include 

cardiovascular disease (CVD), obesity, family history of CKD, kidney disorders, past 

damage to the kidneys, and age. However, in the early stages, it is possible to slow the 

progression of the disease through drug therapy, proper nutrition [3,4], and physical exercise 

[5]. In the final stage of the disease, called end-stage renal disease (ESRD), the kidneys are 

no longer able to perform their tasks. Hence, patients need replacement treatment to survive. 

Several replacement therapies exist, such as haemodialysis, peritoneal dialysis, or kidney 

transplantation [6]. Each substitution treatment has its strengths and weaknesses; 

nevertheless, they are all costly solutions for the health care system [7] and have a high 

environmental impact. In particular, the impact of dialysis on patients' quality of life (QoL) 

is devastating, as it pushes them toward a condition of progressive disability, resulting in 

loss of autonomy. 

 

 

2.1 Epidemiology of CKD 

 

CKD is a condition that affects >10% of the general population worldwide, with >800 

million individuals and a dramatic increasing trend. CKD has emerged as one of the leading 

causes of death worldwide [8]. Although it is a problem of worldwide concern and the 

presence of the disease is increasing worldwide, its distribution is not homogeneous. 

The prevalence of CKD shows significant geographical differences between high-income 

countries and middle- or low-income countries. In general, in richer countries, the disease is 

present at slightly lower rates [9], and this difference is increasing. In particular, concerning 

the last stage of the disease, the most recent studies have shown that poverty is an 

independent cause that favors the presence of ESRD more than in the past. This is a major 

issue considering the high costs required to treat people with kidney failure. 
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Many risk factors for CKD, such as smoking and diabetes, are the same as those for CVD. 

Age is a risk factor for CKD. Although it is also prevalent in young adults, older people are 

more exposed. Indeed, CKD affects 6% of people aged 18–44 years and 12% of people aged 

45–64 years; in people >65 years of age, it affects approximately 38% of the population [2]. 

In elderly individuals, the aggravation of the disease, with a consequent reduction in 

autonomy, pushes them toward the loss of independence, requiring the help of family 

members or other caregivers. Taking care of a patient with kidney failure requires a 

considerable amount of time and energy and greatly impacts the QoL of patients and 

caregivers [10]. 

Social factors play an important role in the prevalence of this disease. Socioeconomically 

disadvantaged populations show a disproportionate burden of CKD, often complicated by 

the unavailability of adequate medical care [11]. 

Gender and ethnicity also affect the prevalence of CKD. Regarding gender-related 

disparities, there is strong evidence in the literature that kidney disease is prevalent and 

evolves differently between males and females. The prevalence of CKD is greater in females, 

even though there is a greater incidence of ESRD in males [12]. Additionally, ethnicity 

affects the incidence, prevalence, and course of CKD. These disparities are also due to 

differences in healthcare access and health outcomes. It has been proven that people of 

different ethnicities who become minorities in the country to which they are migrating may 

have increased risk factors for CKD. Studies performed in the United States have shown that 

African Americans are more at risk of CKD and progress from earlier stages to ESRD faster 

than other populations [13,14]. 
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Figure 1. Age-standardized global prevalence rates for CKD per 100,000 people of both sexes in 

2020. [13] 

 

 

 

2.2 Diagnosis of CKD 

 

CKD is characterized by a gradual loss of kidney function over time. There are two methods 

for diagnosing and monitoring CKD: 

• A blood test, called Glomerular Filtration Rate (GFR), measures the effectiveness of 

the kidneys in filtering the blood, estimating how much blood passes through the 

glomeruli each minute. It is performed by obtaining creatinine levels in a blood 

sample, and it is a chemical waste product of creatine. In healthy kidneys, creatinine 

is removed from the blood, and as CKD worsens, creatinine levels increase. 

Afterward, the creatinine level was combined with other factors (age, ethnicity, 

gender, height, weight) to estimate the GFR (eGFR). 

• A test to determine the presence of albumin in the urine. It is a protein that can pass 

into the urine when the kidneys are damaged; if it is detected, it is a sign of kidney 

injury. 

 

These two values can be combined to identify the risk of worsening disease to which the 

patient is exposed (Figure 2). The same tests can be repeated over time to monitor the 
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evolution of the disease. Although the GFR can’t increase, it is important to slow 

deterioration as much as possible. 

 

 

2.3 Progression of CKD 

 

CKD was classified according to the eGFR and albuminuria level to stratify patients 

according to the degree of risk (Figure 2). 

 

Figure 2. Prognosis of CKD by GFR and albuminuria categories [15] 

 

Green: low risk of disease progression; Yellow: moderately increased risk of disease progression; 

Orange: high risk of disease progression; Red: very high risk. 

CKD, chronic kidney disease; GFR, glomerular filtration rate; ACR, albumin-to-creatinine ratio 

 

 

Each stage of CKD can be associated with different symptoms: 

• Stage 1: The GFR is at a normal level (90 or more), and the kidney is slightly 

damaged and still functioning well. It is possible that there are no symptoms or that 

there may be other signs of kidney damage, such as proteinuria. 

• Stage 2: When the GFR is between 60 and 89, the kidneys are mildly damaged and 

continue to work well, and it is still possible that there are no visible signs or that 

there are minor symptoms. 
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• Stage 3: The GFR decreases between 30 and 59, indicating moderate kidney damage. 

Stage 3 is divided into two substages based on the GFR: at stage 3a, the GFR is 45-

59, and at stage 3B, it is 30-44. At this point, the kidneys no longer work as they 

should and cannot filter the extra fluid from the blood. Symptoms include 

hypertension, fatigue, and distal swelling in the lower and upper limbs. With 

appropriate medical therapy and a healthy lifestyle based on physical activity and a 

proper diet, many people can maintain their disease at stage 3. 

• Stage 4: The GFR is between 29-15, and renal damage is moderate-severe. Waste 

that the kidneys cannot filter continues to cause problems, including cardiovascular 

problems. is the last stage before renal failure, so it is essential to have regular 

nephrology follow-ups to plan the start of replacement treatment. 

• Stage 5: End-stage kidney disease (ESRD): The GFR is <15, renal damage is severe, 

and the kidneys can no longer perform their tasks. Under these conditions, 

replacement treatment is necessary for survival; the only options are renal 

transplantation or dialysis. 

 

 

2.4 End-Stage Renal Disease 

 

ESRD is defined as severe CKD requiring long-term kidney replacement therapy [6]. At this 

stage of the disease, individuals have a high risk of CVD morbidity and mortality, even 

though the death rate is declining [9]. As with the other stages of the disease, the prevalence 

of ESRD is also influenced by factors such as ethnicity and gender. Several studies have 

been conducted on this topic in the United States [13], but there is a lack of studies on these 

differences globally. In the US, in 2019, the prevalence of ESRD was highest in black adults, 

followed by Native American adults, Asian adults, and White adults [13]. 

With regard to the two countries where the PhD project was conducted, in Italy more than 

40,000 people are affected by ERSD [16], while in Spain the number exceeds 60,000 [17]. 

 

 

2.5 Replacement treatments 

 

Since the kidneys can no longer perform their functions, patients must undergo renal 

replacement treatment (RRT) to survive. RRT is defined as a therapy that replaces kidney 

function. 
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There are different types of RRT. 

• Dialysis: Dialysis is the process of removing waste products and excess fluid from 

the body. This operation can be performed in several ways. 

o Haemodialysis (HD): The patient is connected to a dialysis machine, which 

pumps blood from the patient's body, passes it through a filter called a 

dialyzer, and puts it back into the patient's circulation. 

o Peritoneal Dialysis (PD): removes waste and extra fluid through the blood 

vessels of the peritoneum, a membrane that covers the walls of the abdomen. 

• Kidney Transplant (KT): Some people with ESRD may be able to receive, through 

surgical transplantation, a healthy kidney from a compatible donor. The new kidney 

performs the same function as the two old kidneys. 

 

Both modalities have advantages and disadvantages. With respect to KT, in the case of 

successful surgery, the patient’s life expectancy and QoL can improve significantly [18] 

because stopping dialysis allows more time and energy for daily activities and travel, 

improves sex life, and reduces dietary restrictions. On the other hand, there are several risks 

associated with the procedure, both related to the surgery [19] and problems with the 

transplanted kidney, as well as the use of immunosuppressant medicines [20], which are 

necessary to prevent rejection. However, due to a critical shortage of available kidney grafts, 

the majority of people with ESRD do not have the opportunity to receive KT. Fewer than 

20% of patients requiring HD undergo KT [21], despite attempts globally to increase this 

percentage, so dialysis treatment remains the only chance of survival for most of them. 

This dependence on therapy seriously affects patients’ psychological and social well-being. 

Therefore, in addition to monitoring the medical aspect, psychosocial evaluation is relevant 

because RRT, especially HD, makes patients socially and emotionally vulnerable. It 

interrupts work and school routines and leisure activities; creates anger, frustration, tension, 

and guilt due to the dependence on caregivers (e.g., partners, relatives, friends) to which the 

frailest patients are forced; and alters body image [22] because of reduced physical energy, 

loss of or decrease in sexual desire and function [23], changes in body composition [24], 

changed appearance due to access surgery, dialysis catheter placement, needle marks, bone 

disease, or other physical deterioration. Some patients react to these feelings by 

nonadherence or by being uncooperative with the treatment team [25,26]. 
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3. DIALYSIS 

 

 

In the final stage of CKD, kidney function is compromised. Dialysis is a procedure for 

removing waste products and excess fluid from the blood when the kidneys stop working 

properly. During dialysis, the patient is required to be connected to a machine that performs 

the functions of the kidney, which is why it is also called an "artificial kidney." 

There are two types of dialysis treatment: haemodialysis and peritoneal dialysis. 

 

 

3.1 Haemodialysis 

 

HD treatment requires the patient to be connected to a machine, which draws blood from the 

patient and runs it through a "dialyzer" filter, which removes waste and then returns it to 

circulation. It is an invasive procedure requiring the patient to remain attached to the machine 

for 3 to 5 hours. Although some patients are allowed to receive treatment at home, most are 

forced to go to the dialysis centre 2 to 4 times a week. This is necessary, as the prescribed 

procedure must be observed scrupulously at all times to avoid the risk of infection and other 

unfavourable events, which represent a real risk to patients [1]. 

 

Most infections originate from vascular access. Patients can be connected to the machine in 

two ways: through a catheter or through a fistula. 

• Dialysis catheter: an artificial indwelling transcutaneous conduit used to access the 

intravascular or intraperitoneal space for RRT. There are two broad types of dialysis 

catheters: those used for extracorporeal modes of RRT (such as HD) and those used 

for PD. HD catheters are essentially central venous lines that allow blood to be drawn 

and returned to the patient efficiently. In this way, the patient's blood can be 

temporarily removed from the body to be processed in a machine that can perform 

HD. Depending on the expected duration of therapy, the catheter may be inserted 

directly through the skin into the target vein or passed under the skin through a short 

subcutaneous tunnel before reaching the vein [2]. 

• Dialysis fistula: a procedure performed for patients who require permanent vascular 

access for haemodialysis. An arteriovenous fistula is a surgical connection between 

an artery and a vein. Since veins can be perforated quite easily, the blood flow inside 

them is too low for HD treatment, while in arteries, blood flows with higher pressure. 
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Nevertheless, they are much harder to reach, and a new vessel is surgically created, 

combining the characteristics of both. During the "maturation" process, the diameter 

and thickness of the vessel wall increase, making it easier to insert the needle. This 

process takes 2-6 weeks. Arteriovenous fistulas are preferred because they have 

superior clinical and economic advantages [3]. The most common arteriovenous 

fistula techniques include radio cephalic fistula, brachiocephalic fistula, and 

transposed brachiobasilic fistula. 

 

Figure 1. Arteriovenous fistula 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Dialysis catheter 
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3.2 Peritoneal dialysis 

 

In contrast to HD, PD does not require a machine to purify the patient's blood; it uses a 

membrane, called the peritoneum, which works as a filter. A catheter was surgically placed 

in the patient's belly a few weeks before starting peritoneal dialysis. Dialysis solution is 

inserted through the catheter from a bag at the beginning of treatment. While inside the 

abdomen, the dialysis solution absorbs waste and extra bodily fluids. After a few hours, the 

solution and waste are drained from the belly into a second empty bag. 

 

There are two types of PD: 

• Continuous ambulatory peritoneal dialysis: the patient manually performs the bag 

exchange in any sterilized place. The procedure took approximately 30-40 minutes, 

and the solution was kept in the belly for 4-6 hours. Activities such as reading, 

watching TV, etc., can be carried out during the exchange. It is necessary to repeat 

the operation at least four times/day and sleep with the solution in the belly at night. 

• Automated peritoneal dialysis: In this case, a machine, called a cycler, exchanges 

the dirty solution for the clean solution three to five times during the night while the 

patient sleeps. Afterward, the last solution can be left in the belly throughout the day, 

or an exchange can be performed manually during the day. 

 

 

3.3 Dialysis-related issues 

 

HD significantly impacts a patient’s quality of life, especially in the beginning. This is 

because patients' lives depend on a machine, and they are often forced to rely on the help of 

caregivers (e.g., partners, relatives, friends) because of a physical condition that worsens 

over time. This loss of independence, combined with the awareness that this new condition 

will last for the rest of their lives, except in the case of transplantation, can push patients 

toward depression. 
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3.3.1 Mortality 

 

Patients on HD treatment have a greater risk of death than healthy people of the same age. 

In the United States, the 1-year mortality rate after dialysis initiation for people older than 

65 years is approximately 30% [4], with a 5-year survival rate of approximately 50% [5]. 

Cardiovascular diseases are reportedly the leading causes of death among HD patients [6]; 

however, approximately a quarter of the deaths are attributed to unknown causes [5]. 

It is necessary to construct sustainable intervention models that extend the survival 

perspective of patients. In this regard, multiple observational studies have reported that 

increased physical activity levels are associated with decreased mortality among HD patients 

[7,8]. Including patients in specific exercise programs means increasing their chances of 

survival. Therefore, it is necessary to establish multidisciplinary teams, which include 

exercise experts, for the prescription of physical exercise in HD patients [9]. 

 

 

3.3.2 Hospitalization 

 

When HD develops, patients are at high risk of hospitalization. During the first year of 

treatment, more than 80% of patients are hospitalized [10]. Younger patients are particularly 

affected by these adverse events (hospitalization and mortality) during the initial treatment 

period. In these patients, infections are the most common cause of hospitalization [11]. 

For these people, hospitalization is risky because it not only increases the risk of death but 

also exposes them to a period of forced sedentariness, which poses a danger to them and can 

lead to a deterioration in their health and quality of life. 

One protective element is exercise, which has been shown to be effective in reducing the 

risk of hospitalisation. Mallamaci et al [8] analysed the effects after three years of a six-

month walking programme and reported that the long-term risk of hospitalisation in the 

exercise group was 29-45% lower than in the control group, depending on adherence to the 

prescribed programme. 

 

 

3.3.3 Sedentary lifestyle 

 

The WHO recommends adopting an active lifestyle and reducing sedentary behaviours [12]. 

In healthy people, regular physical activity is associated with a reduced risk of mortality 
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caused by cardiovascular disease, diabetes, obesity, and cancer [13]. Recent studies have 

confirmed that higher levels of physical activity are associated with reduced mortality, even 

in dialysis patients [7,14]. Nevertheless, patients on HD are less active than age-matched 

sedentary controls; consequently, they cannot benefit from the protective effect of exercise. 

In addition to the progressive deterioration of functional capacity induced by the disease, 

this inactivity forces patients into a vicious cycle, which exposes them to a greater risk of 

adverse events and worsens their quality of life (QoL). 

Therefore, developing effective strategies to promote a physically active lifestyle is 

fundamental to improving HD patients' quality and length of life. However, despite the 

known benefits, engaging dialysis patients in exercise programs is a difficult challenge due 

to the existence of several barriers that limit adherence [15]. The researchers' goal then 

should be to develop simple and easily implemented intervention models so that as many 

people as possible can be involved. 

 

 

3.3.4 Fatigue 

 

Among the barriers to exercise, fatigue is defined as a condition marked by “overall tiredness 

and inability to function due to a lack of energy”. It is one of the most commonly reported 

debilitating symptoms among HD patients, with a reported prevalence rate of 60-97% [16] 

and a profound negative impact on their QoL [17]. The consequences of fatigue are bodily 

depletion due to a vicious cycle of post-dialysis exhaustion, vigilance, and worry inhibiting 

rest, restricted life participation, diminishing capacities to fulfil relationship roles, and 

vulnerability to misunderstanding due to being criticized for the need to rest and fail to meet 

expectations [18]. Another issue related to fatigue is that it is the main cause of limited 

physical activity [19]. 

Although fatigue is one of the main causes of sedentary behaviour in this population, it has 

been proven that specific exercise programmes can counteract this trend. In fact, Grigoriu et 

al conducted a trial [20] of nine months of exercise, at the end of which participants reported 

less perceived fatigue, both at the end of the dialysis session and in general. 

Considering the high prevalence of this condition in HD patients, it is essential that the 

proposed exercise programs take this into account and that they can be carried out even by 

individuals with low energy reserves. 
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3.3.5 Depression 

 

Depression is defined as a “mood disorder that causes a persistent feeling of sadness and 

loss of interest”. It is estimated that 5% of the global population suffers from this disorder, 

and it is the most common psychological problem for people with HD; approximately one-

quarter meet the diagnostic criteria for major depression [21,22]. HD patients are associated 

with lower adherence to medical prescriptions [22,23], which may lead to poorer clinical 

outcomes [24]. Depression has also been associated with increased death [21,25,26] and 

increased risk of hospitalization in HD patients [27,28]. The main factors contributing to 

depressive symptoms are medications, reductions in physical function, and dietary 

restrictions [29]. 

To improve this aspect, a multidisciplinary approach is needed. Depression can be treated 

by both physical and psychosocial interventions [30]. However, sedentary behaviour is 

positively associated with depression [31]. The correlation between these two aspects 

(sedentariness and bad mood) represents a difficult issue to overcome when aiming to 

introduce patients to exercise. The care of HD patients must include these aspects, as active 

patient involvement is necessary to ensure adherence to the proposed treatment over time. 

 

 

3.3.6 Social isolation 

 

Social isolation is defined as a lack of social relationships and low levels of contact with 

family, friends, the community, and the general social environment [32]. It is significantly 

associated with a rapid decline in kidney function at all stages of the disease [33], worsening 

QoL, and a greater incidence of various psychological and physical disorders [34,35]. It is a 

common condition in patients with ESKD [36], particularly in the HD population, who, due 

to physical (fatigue) and psychological (depression) symptoms, often drastically reduce the 

time spent together with friends, relatives, etc., and thus spend considerable time at home. 

In treating patients, this aspect must both be combined (to avert the negative outcomes with 

which it is associated) and respected because an approach that is too "invasive" could be 

perceived as a violation of privacy and could lead the patient to refuse the procedure. 
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3.4 Benefits 

 

Despite complex situations due to several factors that negatively affect the condition of 

patients, several factors can improve the quality of life of these people. This is a crucial 

aspect. Improving health-related quality of life is often more important than just prolonging 

life for older people [37]. Considering the particularly frail condition and the limited 

resources, in terms of energy and time, that patients have, it is crucial to implement strategies 

that will bring definite benefits with very low risks. 

 

 

3.4.1 Physical exercise 

 

The WHO has highlighted the importance of exercise for the mental and physical well-being 

of people of all ages and abilities [12]. The benefits that physical activity can bring people 

on dialysis are well recognized. Exercise can improve depression and the capacity to perform 

activities and tasks. It may also improve fatigue, pain, and the physical aspects of QoL, 

improving the mental well-being of patients [38]. Moreover, people in HD need to engage 

in physical activity to reduce their level of sedentariness [39]. 

Although the benefits of exercise for dialysis patients are now recognized, this approach is 

relatively "young." Indeed, until a few decades ago, physical activity in frail people was 

limited or even discouraged for these individuals because of their condition. This type of 

prescription has proven to be counterproductive. By advising HD patients to further reduce 

their already low levels of physical activity, they were forced to remain prisoners of the 

vicious cycle of sedentariness. Fortunately, this approach has been abandoned, and scientific 

research is increasingly active in the search for effective and sustainable models of exercise 

that are effective in HD patients. Although exercise can benefit all dialysis patients, whether 

they are HD or PD patients, these patients are a very heterogeneous population, with the 

ability and limitations of exercise varying from one individual to another. Therefore, to 

propose effective protocols, knowing the specific person and structuring the program 

according to his or her needs is necessary. 

Although research into the effects of exercise on dialysis patients is now at its peak, a recent 

meta-analysis [40] identified only 12 randomized controlled trials (RCTs) conducted in HD 

patients who can be considered significant. There is no uniformity in the mode, setting, or 

intensity of exercise proposed. Some researchers have experimented with exercise programs 

carried out during HD treatment, and others have proposed that patients train in the HD 
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centre, but on non-dialysis days; alternatively, home-based exercise programs were 

proposed, which could be carried out by the patient independently at home. Of the 12 

included studies, only the study by Manfredini et al. [41] was performed on a relevant 

number of patients (216), while all others had a small sample size. 

 

 

3.4.2 Diet therapy 

 

The nutritional aspect is fundamental for patients with CKD. Dietary interventions are 

crucial for slowing disease progression and optimizing dialysis effectiveness [42]. 

Considering that malnutrition is a hazardous risk factor that affects more than 30% of HD 

patients [43], it is clear that nutritional interventions are needed for patient well-being. For 

healthy individuals, it is important to base patients' diets on natural, unprocessed, low-

protein products and monitor their intake of phosphates, salt, and red meat [44-46]. These 

aspects must also be evaluated on an individual case-by-case basis, as the assimilation and 

clearance capabilities of these products vary among individuals. 

The synergy between diet therapy and exercise can be an effective multidisciplinary 

intervention modality. These two aspects can influence each other positively; indeed, 

nutritional interventions could favour the physical performance of CKD patients [47,48] 

through targeted nutritional strategies (e.g., protein supplementation) associated with 

specific types of exercise. In the literature, several randomized controlled trials [49-53] have 

explored the promising effects of this mixed mode of intervention on dialysis patients. 

 

 

3.4.3 Psychosocial interventions 

 

Psychosocial interventions can be defined as strategies that provide psychological, 

emotional, or social support without the use of pharmacological substances. These may 

include different techniques, which may vary in their mode of delivery, intensity, 

methodology, and level of contact with an individual therapist or support worker. 

Psychosocial interventions may help reduce distressing symptoms, increase coping 

strategies and social connectedness, assist in strategies to address specific disease-related 

problems and decrease anxiety and stress [30]. 

This approach is recommended, especially for individuals who are keen to isolate themselves 

and who reject the support that can come from social interaction. Because these individuals 
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may have low compliance and have difficulty performing activities independently, 

psychosocial interventions can be effective tools for multidisciplinary teams. According to 

the literature, cognitive behavioural therapy, exercise or relaxation techniques are the most 

effective interventions for reducing depressive symptoms in HD patients [30]. 

 

 

3.4.4 Environmental benefits 

 

In the search for possible sustainable interventions to improve patients' quality of life, 

attention has focused on the role that the environment in which patients live can play. It is 

well known that the natural environment has positive effects on the regulation of chronic 

disorders. Spending time in nature decreases anxiety and depression [54], improves chronic 

pain [55], and improves outcomes and biochemical intermediaries of chronic disease 

processes. 

However, despite the recognized benefits, most HD patients do not spend time in nature. 

This is because they have to stay at the dialysis unit long enough to receive treatment, which 

must be added to the time to travel to and from the centre. In addition, fatigue, which is a 

symptom reported by more than 60% of patients, discourages them from reaching green 

places [56]. Frailty is also a barrier in this instance, as this condition often makes it 

objectively difficult for patients to reach suitable places. 

 

 

3.5 Environmental impact of dialysis 

 

Climate change is recognized as the greatest danger facing humanity. At the same time, the 

health system, which is concerned with preserving people's health, is one of the largest 

carbon polluters. In industrialized countries, carbon emissions constitute 25% of all public 

sector carbon emissions [57]. In particular, existing modes of treatment for kidney disease 

are among the most environmentally impactful. For example, by omitting the electricity 

needed to operate machinery, more than 2 million people require 160 billion litres of water 

for haemodialysis, which generates over 900,000 tons of predominantly plastic waste [57]. 

Certainly, reducing the overall burden of kidney disease will in turn be key to mitigating 

some of the environmental impacts of dialysis [58]. However, it is crucial to seek innovative 

strategies to reduce the impact of dialysis as early as possible. Clean and local production of 

dialysis materials, dialysis filter reprocessing, dialysis water reuse, solar-powered dialysis, 
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and waterless dialysis are all promising strategies that could reduce the environmental 

footprint of dialysis and its costs [57]. Another aspect that can be worked on is people's 

lifestyles, as this would also mitigate dialysis costs. 
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4. EXERCISE IN DIALYSIS 

 

 

4.1 Effect of exercise on physical function 

 

It is recognized that HD therapy forces patients into a sedentary condition [1] that exposes 

them to an even greater risk of clinically adverse events. A review conducted in 2022 by 

Zhang et al. [2] revealed that “regular physical activity is associated with a reduced risk of 

mortality caused by cardiovascular disease, diabetes, obesity, and cancer”. A study published 

in the same year by Mallamaci et al. [3] revealed that patients who participated in a home 

walking program at the 36-month follow-up were 29% less likely to be hospitalized than 

those in the control group (even 45% less, in subjects with high exercise adherence). It is 

therefore clear that patients must remain physically active to have a stable clinical situation. 

In addition to providing greater clinical stability, exercise improves other factors relevant to 

patients' health [4]. 

Effective exercise programs can improve patients' functional capacity and strength, 

especially in the lower limbs. The functional ability, more specifically the walking 

autonomy, of HD patients is a crucial factor; indeed, it has been shown that the distance 

covered in the 6-minute walking test (6MWT), the most widely used test for assessing 

walking ability, is directly proportional to the survival probability of individuals with ESRD 

[5]. Regarding the effectiveness of training programs, Bohannon et al. [6] estimated the 

minimal clinically important difference measured in the 6MWT to range from 14.0 to 30.5 

meters. For these reasons, it is important that the training offered includes specific aerobic 

exercises to improve patients' walking ability. 

Effective training programs should also include resistance exercises to preserve muscle 

strength and prevent sarcopenia. This is defined as the “progressive decline in muscle mass 

and strength upon aging” [7] and is strongly correlated with long-term mortality and 

cardiovascular events in HD patients [8]. Therefore, this is another aspect relevant to 

patients' health that can be improved with exercise. 

In addition to patients’ functional abilities, the level of perceived fatigue, which is one of the 

major limitations reported by patients, is generally alleviated at the end of exercise 

interventions [9]. Performing specific exercises can also reduce the level of pain perceived 

by patients and help them achieve a better QoL [4]. 
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4.2 Effect of exercise on other parameters 

 

In addition to the previously described impacts, exercise can improve other measurable 

parameters. Despite the few studies on the subject, resistance exercises increased the muscle 

mass of the trained limbs. In contrast, there was no uniformity regarding the effect on body 

mass index (BMI) since fat mass decreased in some studies and increased in others [10]. 

Cycling exercise performed during HD sessions is effective at improving bone metabolism 

[11], while aerobic and resistance exercise programs improve systemic inflammation 

biomarkers [12]. 

 

 

4.3 Effects of exercise on quality of life 

 

Patients on HD treatment are known to have a lower QoL than non-dialyzed patients [13]. 

This is due to several factors. One of the main symptoms is depression, which is a common 

symptom of chronic diseases [14] and is diagnosed in 25% of HD patients [15]. Certainly, 

the functional limitations and physical symptoms that result from a chronic disease such as 

CKD can cause depression [16,17]. However, the comorbid conditions of these individuals 

make it difficult to discern whether depression is caused by different symptoms or whether 

these symptoms result from depressive status [18]. Even in the absence of such conditions, 

poor functional capacity is sufficient to impair the ability to perform activities of daily living 

and reduce overall QoL [19]. 

Interestingly, the main factors reducing patients' QoL (fatigue and low mood) are also among 

the main causes of patients not exercising [20], and it is well known that a sedentary lifestyle 

leads to an increased risk of depression [21]. Thus, there is a vicious cycle in which patients 

are trapped, in which the synergy between low physical activity and poor mood 

progressively reduces people's QoL. 

Thus, there is a vicious cycle in which patients are trapped, in which the synergy between 

low physical activity and poor mood progressively reduces people's QoL. An effective tool 

to help patients overcome this condition is exercise, which can positively influence causes 

and symptoms. Indeed, it can improve functional capacity and fatigue, depressive symptoms, 

and overall QoL in HD patients [4]. The positive effect of exercise is felt by the patients 

themselves [22]; however, the number of active patients is remarkably low. This implies that 

some factors limit physical activity, even in individuals who want to exercise. 
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4.4 Barriers to exercise 

 

The issue of barriers is extremely relevant when it concerns bringing HD patients to exercise. 

"Barrier" is defined as something that makes it difficult to perform physical activity; this 

term includes both issues related to a person's physical health and those related to mental 

health, logistics, family, etc., aspects. Due to the different nature of the barriers, a 

multidisciplinary approach involving different figures (kinesiologists, nephrologists, nurses, 

caregivers) and the patient himself is necessary. In particular, the active involvement of 

healthcare staff is crucial to the effectiveness of the intervention, as a non-proactive attitude 

is a major barrier to exercise [20]. 

The limitations most reported by patients are physical restrictions, such as fatigue (64%) and 

pain (27%) on dialysis days, while a logistical problem is the lack of time on dialysis days 

(41%). The most reported psychological barriers are lack of motivation (41%), feeling of 

having too many medical problems (29%), sadness (29%), feeling of helplessness (28%), 

and fear of getting hurt (28%) [20]. 

Analyzing what patients themselves were reporting, it is evident that the day of dialysis is 

problematic due to various factors (fatigue, pain, lack of time). For an exercise program to 

be sustainable for the patient, this aspect should be considered. "Forcing" patients to exercise 

under conditions of fatigue or pain could discourage them and push them even further toward 

sedentariness. Similarly, it would be difficult for patients to sustain additional consistent 

effort on those days, and adherence to the exercise would probably be low. 

The psychological aspect should also be taken care of carefully. Patients must engage in 

exercise because of the benefits it can bring to their mood [4,22]; however, it is necessary to 

propose programs adapted to their low functional capacity so that these are perceived as 

"feasible" and do not require an effort that exceeds their abilities. 

All of these aspects must be taken into consideration by the kinesiologist when structuring 

exercise programs and should be discussed with other staff members, the patient, and 

caregivers [23]. It is important for everyone involved to be aware of the effectiveness of 

exercise in improving the well-being of HD patients so that everyone can contribute to 

helping patients stay compliant and adhere to the program. For this to be possible, it is crucial 

that the prescribed exercise is effective, has a low impact, and provides benefits that can be 

experienced by the patient in daily life in a medium to short time. 
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4.5 Different exercise programs 

 

Despite the recognized benefits, it has not yet been demonstrated which type of exercise is 

best for improving patients’ well-being. This is also because not enough studies have been 

conducted thus far. Although the greatest efficacy is achieved by providing patients with 

programs that combine aerobic and resistance exercises, the best mode of administration is 

unclear. 

Trials conducted thus far have used either the intradialytic exercise (IDE) formula, thus 

proposing workouts carried out during the HD session, or the interdialytic model, with 

training sessions carried out off the HD session at the patient's residence, or other locations 

(gyms, dialysis centers, etc.). At present, both modalities are considered to provide similar 

benefits to patients, with no evidence of the superiority of either training modality over the 

other [24]. 

 

 

4.5.1 Intradialytic exercise 

 

It is exercise training performed during the HD session [25]. Depending on the equipment 

used, aerobic, resistance, and stretching exercises can be proposed to improve the physical 

and psychological health of patients. The number of randomized clinical trials (RCTs) that 

have tested this exercise setting is significantly greater than that in the HB setting, which is 

the most commonly applied exercise in cycling [26]. The two major trials that have used 

intradialytic exercise are DiaTT (Dialysis Training Therapy) [27] and PEDAL (PrEscription 

of intraDialytic exercise to improve quAlity of Life) [28], involving a total of more than 

1,200 patients, and they produced different results. Indeed, while the DiaTT significantly 

improved lower limb strength, the PEDAL did not affect QoL or VO2max. 

One of the advantages of IDE is that it takes advantage of therapy time to support exercise. 

This allows the exercise to be easily supervised, as neither patient nor staff time outside HD 

is needed. On the other hand, for patients to perform the exercise, the attendance of a staff 

member (kinesiologist, nurse, nephrologist) is necessary. This makes the costs of this 

intervention considerable (US$ 589-1,079 per participant per year for the PEDAL study [28], 

while it was calculated that the cost of DiaTT would be US$ 3,500 per year if IDE is 

anticipated for all dialysis sessions [27]), in addition to its uncertain effectiveness. 

Furthermore, concerning PEDAL, patients in the intervention group also showed poor 

compliance (48%) and very low adherence to exercise (19%) [28]. 
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These results are not surprising, considering that the two biggest barriers to exercise are 

fatigue and perceived pain on HD days [20]. However, given the need to develop 

economically sustainable models with high adherence, it would probably be preferable to 

follow a different path to bypass the difficulties of HD days. 

 

 

4.5.2 Interdialytic exercise 

 

Interdialytic exercise is performed outside the HD session in a home-based (HB) setting. HB 

exercise is defined as exercise performed in various locations outside of a clinical setting 

[29]. Most HD patients train either at home or in gyms specialized in treating individuals 

with chronic diseases. A recent meta-analysis by Battaglia et al. [30] revealed that the 

number of RCTs on this type of treatment is low, and the sample size is often small. The 

only exception is the Excite [31] study, which included a sample of 286 subjects and 

provided evidence of the potential of HB exercise in HD patients. Despite the limited number 

of studies, the authors concluded that HB exercise interventions lasting 3–6 months are 

associated with significant improvements in physical performance [30]. 

At present, the superiority of either treatment over the other in improving patient function 

has not been identified, and both IDE and HB training can promote benefits for individuals 

undergoing HD [24]. However, regarding cost, the Excite study was the most cost-effective. 

The only tool needed for the exercise was a simple digital metronome (US$ 25), and the HB 

modality did not require the direct presence of any staff member, which was necessary only 

at the time of evaluation and prescription of the exercise program. Regarding exercise 

adherence, the HB program also proved superior, with 83% of scheduled sessions being 

completed during Excite [31]. Most likely, the opportunity to perform exercise at home 

helped patients overcome logistical barriers (time, transportation, etc.), and the indication to 

perform exercise on non-dialysis days was crucial in circumventing dialysis day difficulties, 

making exercise less "annoying." 
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5. EXERCISE FACILITATORS 

 

 

Several strategies have been used to increase patient adherence to exercise programs as much 

as possible. These are called "exercise facilitators," which means "something that facilitates 

exercise practice". Research on HD patients has focused more on barriers and less on 

facilitators than on other diseases (e.g., cancer). To identify which interventions were most 

palatable to patients, some studies asked them precisely what they thought would be most 

effective in supporting them in performing exercise [1]. Almost all respondents reported that 

the presence of an experienced exercise figure who was available to supervise and prescribe 

tailored programs would be important to them. 

The presence of an exercise facilitator (EF) can be defined as a psychosocial intervention, 

as it is a strategy aimed at providing psychological and social support without the use of 

pharmacological substances, which can have important effects on patients' psychological 

well-being [2]. 

 

 

5.1 An exercise expert in the dialysis center 

 

Including an EF in the HD center could be a turning point. As emphasized by patients, they 

must have specific exercise skills in patients on HD. Thus, he/she should be an experienced 

physiotherapist and/or qualified exercise specialist [3]. His/her activity should consist of 

active presence within the HD center to suggest exercise programs to patients and possibly 

supervise their training sessions. 

The effectiveness of EF inclusion may derive from the fact that it would fill a current gap. 

In fact, despite the need to promote exercise, to date, there is no figure in the HD center staff 

with specific skills who can support patients in this respect. Patients are forced to refer to a 

nephrologist or nurses, but they lack the necessary knowledge and are unable to be helpful 

to them. For this reason, an experienced person who knows the barriers that patients have to 

overcome, who is familiar with which exercise programs are effective for the HD population 

who can tailor them to the needs of the individual patient, and who can advise and motivate 

would represent a key figure, complementing those already operating, improving patient 

care. 
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6. EXERCISE, DIALYSIS AND ENVIRONMENT 

 

 

Two types of connections between HD and the environment can be identified. The first is 

the impact that HD treatment has on the environment in terms of the consumption of water, 

electricity, and energy and the production of potentially contaminated waste. Patients 

receiving standard dialytic therapy (three times a week for four hours) consume 

approximately 18,000 liters of water and 800-925 KWh per year. Thus, dialysis can be 

considered an extremely environmentally impactful treatment. Exercise is effective in the 

stages before ESRD because it enhances the recovery of renal function in patients with acute 

renal failure [1] and because physically active patients start HD later than sedentary 

individuals [2]. Despite these positive effects, it has not yet been demonstrated with certainty 

whether improved functional capacity is associated with the optimization of therapy in terms 

of reducing the duration and number of HD sessions. These aspects must be investigated, 

but exercise models should be tested and applied in the early stages of the disease. 

The second interesting aspect is the analysis of how the surrounding environment can affect 

patients' well-being. Given the special nature of treatment, which forces patients to go to the 

care center often and for a lifetime, it can almost be considered the HD center as a "second 

home" because of the amount of time they spend there. Because the effects of the hospital 

environment on patients' mental and physical health were recognized as early as the last 

century, it is important to evaluate this topic in people with HD. 

 

 

6.1 Can the care environment become part of care? 

 

The positive effects of the environment on hospitalized patients were described by the 

German architect Roger S Ulrich, who found that patients who viewed natural scenes 

through their windows needed fewer analgesic drugs and had a shorter postoperative course 

than those who viewed other buildings [3]. Subsequently, the analysis of nature's effects on 

health has attracted increasing interest, and today, it is one of the most widely discussed 

topics. 

The concept of "biophilia", the tendency of humans to be attracted to everything alive and 

vital, was defined in the 1960s by the German sociologist Erich Fromm. Building on this 

definition, the biophilic design was developed based on an attempt to transfer individuals' 

innate inclination toward nature into the construction of buildings. From this perspective, 
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the hospital has become a place to highlight not only advances in medical knowledge but 

also changes in the relationships among humans, the built environment, and nature. Hospital 

design approaches the patients' perspective by also caring about the patient's psychosocial 

well-being, not just the physical well-being. 

A review by Jimenez et al. [4] confirmed the positive effect of the natural environment on 

people's mental health; however, the HD center environment has some sanitation limitations, 

so it would be impossible to place real plant elements inside. Patients' contact with real plants 

could occur in common areas or outside the hospital. Activities such as green walking and 

gardening are effective at improving patients' psychological well-being; however, they are 

not effective in the HD unit. Fortunately, it has been shown that exposure to artificial nature 

(plants, panels, paintings, etc.) has effects similar to those of real nature [5]. This is an 

important point because the placement of artificial elements in the HD center reminiscent of 

the natural environment is allowed and would be effective in improving the well-being of 

patients and staff. 
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7. BENEFITS OF EXERCISE IN THE NATURAL ENVIRONMENT 

 

 

The setting of a biophilic environment in the HD centre would open up additional exercise-

related possibilities. Indeed, the benefits of the natural environment include enhancing the 

effects of exercise. Shinrin-Yoku (or forest bathing or forest therapy) is a Japanese 

expression of the practice of performing activities in the forest to enjoy the full benefits of 

the forest. Interest in this activity has spread globally, and studies have shown its 

effectiveness in improving physiological parameters (e.g., blood pressure and cortisol levels) 

and mental health disorders, such as depression and anxiety. The positive effects of forest 

walking have also been found in elderly and frail populations, which include the majority of 

dialyzed individuals. Despite the fact that this practice is now known in European countries 

where it is practised in suitable areas (e.g. the Dolomites in Italy), no studies have yet been 

carried out in these countries, with the result that the only studies in the literature to date 

have been carried out on the Asian continent. 

Recreating a natural, even if artificial, environment in the HD unit would also create a 

functional setting for carrying out exercises. If patients had the opportunity to exercise, 

perhaps close to HD sessions, within the centre itself, they could experience the benefits of 

exercise enhanced by a favourable environment and overcome barriers of time, 

transportation, etc., that would hinder them from exercising in other settings. 

 

 

7.1 Effect of exercise in nature on physical and mental health 

 

While studying the effects of exercise in the natural environment, we conducted a systematic 

review of the literature entitled "Effects of forest walking on physical and mental health in 

elderly populations. A systematic review" published in the journal Reviews on 

Environmental Health. Research has shown that walking in a natural environment (forest 

walking) provides measurable benefits to the mental and physical health of elderly people. 

This was a useful result because it had some implications for the development of the project. 
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7.2 Introduction 

 

Population aging is a global phenomenon; there were 703 million persons aged 65 years or 

older in the world in 2019, and it is estimated that the number of older persons will double 

by 2050 [1]. In 2015–2020, a person aged 65 years was expected to live an additional 17 

years, which could increase to 19 years by 2045–2050 [1]. The prevalence of multimorbidity 

in older people ranges between 55 and 98%, and it results in disability and functional decline, 

poor quality of life, and high healthcare costs for health systems [1], with related 

socioeconomic concerns [2]. 

For the prevention and regulation of age-related chronic disorders, there is growing interest 

in the role of the environment in human health. Environmental stressors such as air pollution 

and crowding in urban areas substantially increase stress. In contrast, the natural 

environment has positive health effects, and therefore, activities performed in nature are 

gaining attention as lifestyle-related interventions [1, 3]. In particular, forests and other 

similar natural environments are recognized as fundamental health resources and may play 

a role in disease prevention and treatment [4] by improving the physical and mental health 

of people [2]. Nonetheless, government, public, and private sectors are not making efforts 

the use the therapeutic function of forests as a contribution to the well-being of older adults 

in the aging society [5]. 

A forest is one of the most accessible ways to experience the natural environment, and forest 

therapy is gaining more recognition as a nature-based therapy [2, 3]. A forest is either defined 

as an “ecosystem dominated by trees and other woody vegetation” (MedLine MeSH term) 

or as “Land spanning more than 0.5 hectares with trees higher than 5 m and a canopy cover 

of more than 10 percent, or trees able to reach these thresholds in situ” (Food and Agriculture 

Organization of the United Nations). The term “forest therapy” has been used 

interchangeably with the more traditionally defined “forest bathing” or “Shinrin-yoku” [2]. 

This Japanese term depicts activities of recreation and relaxation in a forest. Shinrin-yoku 

specifically relates to the activity of forest bathing, staying and/or walking in the forest, and 

breathing in the volatile substances released by the trees [4]. In particular, it means taking in 

all of one’s senses, the forest atmosphere combining walking in the woods, with the 

conscious and contemplative practice of being immersed in the sights, sounds, and smells of 

the forest. It was developed in Japan during the 1980s, and in 1982 Japan made this form of 

mobile meditation under the canopy of living forests a part of its national health program. 

Researchers, primarily in Japan and South Korea, have established a growing body of 

scientific literature on the diverse health benefits. Nowadays forest bathing is attracting 
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increasing attention due to its health-promotion effects in humans [6], moving towards a 

global phenomenon. Previous studies on this topic have mostly focused on the capacity of 

forest bathing to provide relaxation and 

reduce stress for people living in urban areas [7]. Research has reported potential benefits in 

the management of psychological symptoms, including anxiety, depression, mood disorder, 

burnout syndrome, lifestyle-related stress, and overall quality of life. Studies investigating 

the effect of forest therapy on physiological well-being have also demonstrated a positive 

impact on cognitive function, 

immune function, blood glucose levels in diabetic patients, hypertension, cardiovascular 

disease, cancer prevention, and pain [4, 8–13]. 

In the elderly population, only a few programs have been proposed, often in combination 

with walking, physical training, or cognitive interventions, with reported positive effects on 

physiological and psychological outcomes [1]. 

While previous literature suggests the effectiveness of forest walking and bathing in 

improving the physical and psychological health of elderly people, a systematic review of 

the literature is lacking, and this paper aims to fill this gap. Moreover, this manuscript aims 

to identify the type, duration, and frequency of an effective forest therapy intervention to 

provide directions for future research. 

 

 

7.3 Methods 

 

Search strategy 

A literature search was undertaken using the following electronic databases: MEDLINE, 

EMBASE, ResearchGate, Google Scholar, and Web of Science. Grey literature was searched 

as well through internet-based platforms. Studies published from the inception of the 

database to December 2021 were searched. 

The search terms used to identify literature included (“elderly” OR “older adults” OR “older 

people” OR “aged[MeSH]”) AND (“forest therapy” OR “forest walking” OR “forest 

bathing” OR “forest environment” OR “forest healing” OR “Shinrin-yoku” OR “green 

environment” OR “walking in the forest” OR “nature-based intervention”). The reference 

lists of the retrieved studies were also searched for possible additional relevant studies. Full-

text studies were then retrieved and evaluated for eligibility. The inclusion criteria were: 

publications that reported the effects of forest therapy on health and well-being in elderly 

participants, with the full article published in the English language. 
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Selection criteria 

The retrieved studies were screened based on the following inclusion criteria: subjects 60 

years or older, intervention such as forest bathing (Shinrin-yoku), forest therapy, and 

walking in the forest carried out in a natural environment. 

 

Study selection process 

A total of 213 studies were identified from the literature search. One additional study was 

identified through a manual search of the reference lists of the included publications. Eighty 

studies were removed due to duplication. Two independent reviewers performed the 

screening of the articles (G.P. and L.C.) and a third reviewer (N.L.) solved any possible 

conflict. The titles and abstracts of the remaining 134 publications were screened, and 124 

studies were excluded due to a lack of a natural environment (n=110) and a nonelderly 

population (n=14). Finally, 10 articles, all published in English, were analyzed (Figure 1). 

 

 

Figure 1. Flow chart of the literature search process (PRISMA 2009) 
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Assessing the quality of the literature for risk of bias 

Two reviewers independently appraised the 10 selected studies for risk of bias. The quality 

of the studies was rated using the Quality Assessment Tool for Studies with Diverse Designs 

(QATSDD) [14]. This tool consists of 16 criteria, with scores ranging from 0 to 3 for each. 

To use the tool, reviewers are required to award each research paper a score on a scale from 

0 to 3 for each of the criteria: the higher the score is, the higher the quality of the item (Figure 

2). 

 

Figure 2. Assessment of risk of bias based on the quality assessment tool for studies with diverse 

designs. Legend for background color: Yellow: medium risk of bias; light-green: low risk of bias; 

Dark-green: very-low risk of bias. 

 

 

 

7.4 Results 

 

Data extraction 

A summary of the 10 included articles were tabulated (Table 1) according to the study 

characteristics (authors, year of publication, country where the study was conducted), study 

design, sample size, participants’ characteristics (age, sex), and the criteria for the inclusion 

of the participants; the type and the duration of the intervention. 

 

Study characteristics 

Of the included articles, half of the studies were conducted in Korea (n=5), and half were 

conducted in China (n=5). Six studies had an exploratory design [5, 6, 15–18], two were 

randomized controlled trials [3, 7] and two were nonrandomized controlled trials [1, 2]. 

A total of 487 participants were included, ranging from 18 to 88 participants for each study. 

All the participants were adults older than 60 years. 

These studies included participants with chronic heart failure [6, 18], hypertension [7, 15], 

chronic obstructive pulmonary disease [16], cognitive decline [5], or elderly individuals 

without specified diseases or conditions [1–3, 17]. 
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Types of forest bathing interventions 

The concept of forest bathing has been actualized with different types of forest therapies. 

The modalities of forest interventions consisted of forest walking [3, 6, 7, 15, 16, 18], cardio 

and muscle-strengthening exercises [5], band gymnastic and physio-cognitive play, and 

active walking [1], forest walking and five senses meditation and traditional play [17], forest 

walking and muscle training with stretchable bands and guided breathing meditation [2]. 

 

Table 1. Characteristics of the included studies 
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Author, Year, 

Country 
Study design Sample size Criteria for the inclusion of participants Criteria for the exclusion of participants 

Forest bathing 

interventions 

Control/ 

Comparator 

Duration of the 

intervention 

Mao et al, 

2018, China 

[6] 

Exploratory 

study 

N=33 (F=42%); 

IG=23 (F=48%); 

CG=10 (F=30%) 

Age 65-80; Diagnosed CHF; BP <150/90; 

Class I–III cardiac function (criteria of AHA); 

ADL independent 

Acute diseases two weeks prior or during the 

trial; Chronic diseases; AMI or CVA within 

six months; severe trauma or major surgery 

Walking in the 

forest 

Walking in 

the city 
10 days 

Wu et al, 

2020, China 

[15] 

Exploratory 

study 

N=31 (F=39%); 

IG=20 (F=40%); 

CG=11 (F=36%) 

Age 60-75; Diagnosed HTN; BP <180/110; 

Class I-II cardiac function (criteria of AHA); 

ADL independent 

Acute diseases two weeks prior or during the 

trial; Chronic history; AMI or CVA within 

six months; severe trauma or major surgery 

Walking in the 

forest 

Walking in 

the city 
Three days 

Lee et al, 

2014, Korea 

[3] 

Randomized 

controlled 

trial 

N=62 (F=100%); 

IG=43; 

CG=19 

Age 60-80; Only females; 

BP <160/110 

Chronic liver and renal disease; CAD; CVA; 

Cancer; Disability or pain when walking; 

P>160/110 

Walking in the 

forest 

Walking in 

the city 
Eight days 

Lim et at, 

2021, Korea 

[5] 

Exploratory 

study 

N=60; 

IG=30; 

CG=26 

Age >65; No restrictions on outdoor activities 

or walking; Able to understand the purpose of 

the study 

Cognitive decline or dementia; Restrictions 

on outdoor activities or walking; Not ADL 

independent 

Forest therapy 

activities, including 

forest walking 

Usual life 
Up to four 

months 

Bing et al, 

2016, China 

[16] 

Exploratory 

study 

N=18 (F=33%); 

IG=10 (F=30%); 

CG=8 (F=38%) 

Age >60; Diagnosed COPD; HR <110; BP 

<160/90; FEV1 >35%; FEV1/FVC >30%; 

Class I-IV mMRC dyspnea scale 

Acute exacerbation of COPD for at least 6 

weeks 

Walking in the 

forest 

Walking in 

the city 
Four days 

Yi et al, 2021, 

Korea [1] 

Nonrandomized 

controlled 

trial 

N=74 (F=49%); 

IG=43 (F=60%); 

CG=31 (F=32%) 

Age >65; Able to complete the surveys; Able 

to understand the purpose of the study 

Cognitive impairment or dementia; 

Restrictions on outdoor activity for more than 

three hours 

Forest therapy 

activities, including 

forest walking 

Usual life 
Up to two 

months 

Lee et al, 

2018, Korea 

[17] 

Exploratory 

study 

N=61; 

IG=30; 

CG=31 

Age >65; No restrictions on physical activities 

in order to participate in the program 

Sensory disturbance, cognitive disorder and 

mental disorder 

Forest therapy 

activities, including 

forest walking 

Usual life 
Up to three 

months 

Mao et al, 

2017, China 

[18] 

Exploratory 

study 

N=33 (F=42%); 

IG=24 (F=49%); 

CG=12 (F=25%) 

Age 65-80; Diagnosed CHF; BP <150/90; 

Class I–III cardiac function (criteria of AHA); 

ADL independent 

Acute diseases two weeks prior or during the 

trial; Chronic history; AMI or CVA within 

six months; severe trauma or major surgery 

Walking in the 

forest 

Walking in 

the city 
Five days 

Mao et al, 

2012, China 

[7] 

Randomized 

controlled trial 

N=24; 

IG=12; 

CG=12 

Aged 60-75; Diagnosed HTN; BP <180/110; 

Class I-II cardiac function (criteria of AHA); 

ADL independent 

Acute diseases two weeks prior or during the 

trial; Chronic history; AMI or CVA within 

six months; severe trauma or major surgery 

Walking in the 

forest 

Walking in 

the city 
Eight days 

Yi et al, 2019, 

Korea [2] 

Non-randomized 

Controlled trial 

N=88 (F=80%); 

IG=60 (F=83%); 

CG=28 (F=71%) 

Age >65; Able to communicate and complete 

the surveys; Able to understand the purpose of 

the study and voluntarily sign the consent form 

Cognitive impairment or dementia; 

Restrictions on outdoor activity for more than 

three hours 

Forest therapy 

activities, including 

forest walking 

Usual life 
Up to three 

months 
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n: sample size; F: females; IG: intervention group; CG: control group; CHF: chronic heart failure; 

AHA: American Heart Association; ADL: autonomous in daily life; BP: blood pressure; AMI: acute 

myocardial infarction; CVD: cardiovascular diseases; HTN: hypertension; CLD: chronic liver 

disease; CAD: coronary artery disease; CVA: cerebrovascular accident; COPD: chronic obstructive 

pulmonary disease. 

 

Forest walking 

Six studies adopted forest walking only. Two studies by Mao et al. [6, 18] required the 

participants to walk in a forest for 1 h 30 min twice a day for four days [18] and to repeat a 

second time of the four-day forest bathing trip after four weeks [6]. The study by Wu et al. 

[15] required the patients to walk in the forest for 1 h 30 min in the morning and in the 

afternoon, with a 20 min rest during the walk, for three days. Lee et al. [3] asked the 

participants to walk at their usual pace for 1 h in the morning around a forest area. Bing et 

al. [16] required the patients to walk in a forest for 1 h 30 min in the morning and in the 

afternoon for three days. Finally, another study by Mao et al. [7] asked the participants to 

walk in a forest for 1 h 30 min in the morning and in the afternoon for seven consecutive 

days. 

 

Other forest activities 

Four studies combined forest walking with other forest therapy activities, and they were all 

conducted in Korea and published between 2018 and 2021. The study by Lim et al. [5] 

included clapping with fingers/back of the hands/ palms to help prevent cognitive decline, 

band exercises to 

increase flexibility of the body and strengthen the muscles, and walking in the forest with 

adzuki beans fixed to the deepest depression of the sole [19]. The study by Yi et al. [1] 

proposed to the participant warm up exercises (body tapping), Qigong exercises (meridian 

relaxation and body scanning, body balancing and sensory attention, motion-coherent 

breathing techniques, and Taoin massage), band gymnastics (arm stretching and shoulder 

lifting), physio-cognitive play (various types of clapping, line dance, artwork with leaves 

and natural materials), and cool down exercises (light stroll and oil massage). The study by 

Lee et al. [17] included five senses meditation to induce 

cognitive stimulation and relax emotions and traditional play that is effective for relaxing 

emotions and maintaining or promoting the remaining physical abilities of older adults by 

recalling the emotions and memories of childhood through traditional play using natural 

objects. Finally, the study by Yi et al. [2] proposed guided breathing meditation with 



56 

 

simultaneous stimulation of the cervical spine so that the cervical spine was aligned. This 

posture is known to activate the therapeutic Qi and blood flow through the meridian system 

in traditional Korean medicine [20] moreover, stimulation of the cervical spine is known to 

increase cerebral blood flow and reduce neuropathic upper limb pain [21, 22], among other 

health-promotion effects. 

 

Outcome measure 

The outcomes of forest therapy interventions in the ten included studies can be divided into 

physiological, neurochemical, and psychological parameters, as summarized in Table 2. 

The physiological outcomes included blood pressure, brain natriuretic peptide, pulse oxygen 

saturation, heart rate, heart rate variability, cardio-ankle vascular index, pulmonary function, 

electroencephalography, and bioimpedance. 

The neurochemical outcomes included interleukin-1β, interleukin-6, interleukin-8, tumor 

necrosis factor α, serum total SOD, malondialdehyde, C-reactive protein, natural killer cells, 

natural killer T cells, cytotoxic T cells, interferon-γ, pulmonary and activation-regulated 

chemokines, metalloproteinase-1, surfactant protein D, cortisol, epinephrine, endothelin-1, 

homocysteine, and renin-angiotensin system constituents. 

The physiological outcomes included tension and anxiety, depression, anger and hostility, 

vigor and activity, fatigue, confusion, stress, and quality of life. 
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Table 2. Outcome measures of the forest interventions 

Author, Year, 

Country 

Sample size, 

Study population 

Intervention group 

Control group 

Physiological and 

neurochemical outcomes 

Psychological 

outcomes 

Mao et al, 

2018, China 

(6) 

Age 65-80; N=36; 

Elderly patients 

with CHF 

IG =24; CG =12 
BNP; IL-6; TNF-α; 

T-SOD; MDA 
NA 

Wu et al, 

2020, China 

(15) 

Age 60-85; N=31; 

Elderly patients 

with HTN 

IG =20; CG =11 BP; HR; HRV; CRP; SpO2% POMS 

Lee et al, 

2014, Korea 

(3) 

Age 60-80; N=70; 

Elderly females 
IG =50; CG =20 BP; CAVI; FEV1; FEV6 NA 

Lim et at, 

2021, Korea 

(5) 

Age >65; N=60; 

Elderly patients 

with cognitive 

decline 

IG =30; CG =30 HR; HRV; EEG K-GDS 

Bing et al, 

2016, China 

(16) 

Age 60-70; N=18; 

Elderly patients 

with COPD 

IG =10; CG =8 

IL-1β; IL-6; IL-8; TNF-α; 

CRP; NK; NKT;  D8+Tcells; 

IFN-γ; RAC/CCL-18; TIMP-

1; SP-D; EPI; Cortisol 

POMS 

Yi et al, 2021, 

Korea (1) 

Age >65; N=74; 

Elderly 

individuals 

IG =43 (QP =25; 

WP =18); CG =31 
HRV; EEG; BIA 

K-MoCA; K-

GDS; EQ-5D 

Lee et al, 

2018, Korea 

(17) 

Age >65; N=61; 

Low-income 

elderly living 

alone 

IG =30; CG =31 BIA; Weight; BMI SRI; K-BDI-II 

Mao et al, 

2017, China 

(18) 

Age 65-80; N=36; 

Elderly patients 

with CHF 

IG =24; CG =12 

BNP; IL-6; TNF-α; T-SOD; 

MDA; CRP; ET-1; Renin; 

AGT; Ang II; AT1; AT2 

POMS 

Mao et al, 

2012, China 

(7) 

Age 60-75; N=24; 

Elderly patients 

with HTN 

IG =12; CG =12 

BP; HR; IL-6; TNF-α; ET-1; 

Hcy; Renin; AGT; Ang II; 

AT1; AT2; 

POMS 

Yi et al, 2019, 

Korea (2) 

Age >65; N=88; 

Elderly 

individuals 

IG =60 (BP =29; 

WP =31); CG =28 
HR; HRV; EEG; BIA NA 

N: sample size; CHF: chronic heart failure; IG: intervention group; CG: control group; BNP: brain 

natriuretic peptide; IL-6: interleukin-6; TNF-α: necrosis factor α; T-SOD: activities of serum total 

SOD; MDA: lipid peroxidation reflected by malondialdehyde; NA: not available; HTN: 

hypertension; BP: blood pressure; HR: heart rate; HRV: heart rate variability; CRP: C-reactive 

protein; SpO2%: pulse oxygen saturation; POMS: profile of mood states; CAVI: cardio-ankle 

vascular index; FEV1: forced expiratory volume in the 1st second; FEV6: forced expiratory volume 

in six seconds; EEG: electroencephalography; K-GDS: Korean Form of Geriatric Depression Scale; 

COPD: chronic obstructive pulmonary disease; IL-1β: interleukin-1β; IL-8: interleukin-8; NK: 

Natural killer cells; NKT: Natural killer T cells; CD8+T: cytotoxic T cell; IFN-γ: interferon-γ; 

RAC/CCL-18: pulmonary and activation-regulated chemokine; TIMP-1: tissue inhibitor of 

metalloproteinase-1; SP-D: surfactant protein D; EPI: epinephrine; BIA: bioimpedance analysis; K-

MoCA: Korean Form of Montreal Cognitive Assessment; EQ-5D: quality of life; BMI: body mass 

index; SRI: Stress Response Inventory; K-BDI-II: Korean Beck Depression Inventory-II; ET-1: 



58 

 

endothelin-1; AGT: angiotensinogen; Ang II: angiotensin II; AT1: angiotensin II type 1 receptor; 

AT2: angiotensin II type 2 receptor; Hcy: homocysteine 

 

Physiological parameters 

Three studies measured blood pressure [3, 7, 15], and all of them reported a marked decrease 

in diastolic blood pressure (approximately 10 mmHg), while systolic blood pressure 

decreased in only two studies (from 5 to 10 mmHg) [3, 7]. No variations in pulse pressure 

have been noticed. 

Both studies [6, 18] measuring brain natriuretic peptide reported a significant decrease (from 

350 to 500 pg/mL). The only study [15] that analyzed pulse oxygen saturation reported an 

increase of 1%. 

Concerning heart rate, trivial changes were reported in four studies [1, 2, 5, 15], with 

favorable variations reported in heart rate variability [15]. The only study [3] that measured 

cardio-ankle vascular index and pulmonary function highlighted a significant improvement 

in both outcomes. 

Three studies employed electroencephalography as an outcome measure [1, 2, 5]. One trial 

[5] detected an increase in peak frequency; concerning median frequency, one study [1] 

reported an increase, while another [2] reported a decrease. Variations were also registered 

in α band power, β band power and alpha/theta ratio [1, 2, 5]. 

Three studies analyzed bioimpedance [1, 2, 17] with conflicting results. One study reduced 

weight, body mass index and fat mass [17]; another did not report any significant variations 

in these parameters [2], while the remaining study showed a decrease in fat-free mass and 

an increase in fat mass [17]. 

Two studies analyzing reactance measured variations in the reactance of both arms (between 

−0.86 and −6.32 Ω) and the decrease in the reactance of both legs (between +1.84 and + 2.15 

Ω) [2, 17]. 

The analysis of the physiological parameters is shown in Table 3a. 
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Table 3a. Changes in the physiological outcome measures after the forest interventions 

Outcome measured Sample size Exercise protocol Outcome changes after intervention Ref 

Blood pressure (mmHg)   |   1   |       |       |       |       |       |       |       |       |       |       |       |       |       |       |  

 
IG =20; 

CG =11 

Single day trip, 1.5 h of FW in the morning and 1.5 h 

in the afternoon 

−10 DBP (15) 

 SBP  

 
IG =43; 

CG =19 
1 h of FW at usual pace, for 1 day 

−10 DBP 
(3) 

−10 SBP 

 
IG =12; 

CG =12 

7-day trip, 1.5 h of FW in the morning and 1.5 h in 

the afternoon 

−10 DBP (7) 

−5 SBP  

 Pulse pressure  

Brain natriuretic peptide (pg/ml)  |  50  |      |      |      |      |      |      |      |      |      |      |      |      |      |      |      |      |  

 

IG =24; CG =12 
Two 4-day trips, 1.5 h of FW in the morning and 1.5 h 

in the afternoon 
−500 

 
(6) 

IG =24; CG =12 
4-day trip, 1.5 h of FW in the morning and 1.5 h in 

the afternoon 
−350 

 
(18) 

Pulse oxygen saturation (%)  |     0,5     |          |          |          |          |          |          |          |          |          |            

 
IG =20; 

CG =11 

Single day trip, 1.5 h of FW in the morning and 1.5 h 

in the afternoon 
−1 

 
(15) 

Heart rate (bpm)   |    0.25    |           |           |           |           |           |           |           |           |  

 

IG =20; 

CG =11 

Single day trip, 1.5 h of FW in the morning and 1.5 h 

in the afternoon   
(15) 

IG =30; 

CG =30 

11 sessions, once a week, of forest therapy activities: 

FW, band gymnastic, rhythmic gymnastic 
  (5) 

IG =12; 

CG =12 

7-day trip, 1.5 h of FW in the morning and 1.5 h in 

the afternoon 
  (7) 

BP =29; WP =31; 

CG =28 

11 sessions, once a week. WP: FW. BP: guided-

breathing meditation, FW, muscle training 

+0.73 BP (2) 

 WP  

Heart rate variability (m/s2)  |      1       |              |              |              |              |              |              |              |  

 IG =20; −5 Low frequency (15) 
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CG =11 Single day trip, 1.5 h of FW in the morning and 1.5 h 

in the afternoon 

+1.2 High frequency 
 

 −0.2 LF/HF ratio 

IG =30; 

CG =30 

11 sessions, once a week, of forest therapy activities: 

FW, band gymnastic, rhythmic gymnastic 
 +0.396 High frequency (5) 

QP =25; 

WP =18; 

CG =31 

12 sessions, twice a week. QP: body tapping, Qigong 

exercises, band gymnastics, physio-cognitive play, 

light stroll. WP: body tapping, band gymnastics, FW, 

physio-cognitive play, oil massage 

 Low frequency – QP and WP 

(1) 
 High frequency – QP and WP 

 % low frequency – QP and WP 

 Total power – QP and WP 

 

BP =29; 

WP =31; 

CG =28 

11 sessions, once a week. WP: FW. BP: guided-

breathing meditation, FW, muscle training 

 −0.46 High frequency – BP 

(2) 

 High frequency - WP 

 High frequency – BP and WP 

 % low frequency – BP and WP 

 Total power – BP and WP 

Cardio-ankle vascular index  |    0.1    |          |          |          |          |          |          |          |          |          |   

 IG =43; CG =19 1 h of FW at usual pace, for 1 day −0.42  (3) 

Pulmonary function   |    0.05    |           |           |           |           |           |           |           |           |  

 
IG =43; 

CG =19 
1 h of FW at usual pace, for 1 day 

+0.19 FEV1 
(3) 

+0.22 FEV6 

Electroencephalography   |     0.1     |            |            |            |            |            |            |            |            |  

 
IG =43; 

CG =19 

11 sessions, once a week, of forest therapy activities: 

FW, band gymnastic, rhythmic gymnastic 
+0.227 Hz Peak frequency (5) 

 

QP =25; 

WP =18; 

CG =31 

12 sessions, twice a week. QP: body tapping, Qigong 

exercises, band gymnastics, physio-cognitive play, 

light stroll. WP: body tapping, band gymnastics, FW, 

physio-cognitive play, oil massage 

+0.22 Hz Median frequency -QP 

(1) 

+0.17 Hz Median frequency -WP 

−0.28 µV2 α band power - QP 

+0.33 µV2 α band power -WP 

-0.39 µV2 β band power – QP 

 β band power – WP 

 Alpha/theta ratio – QP 

 Alpha/theta ratio – WP 
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BP =29; 

WP =31; 

CG =28 

11 sessions, once a week. WP: FW. BP: guided-

breathing meditation, FW, muscle training 

 Median frequency - BP 

(2) 
−0.4 Median frequency -WP 

 Alpha/theta ratio - BP 

−0.15 Alpha/theta ratio - WP 

Bioimpedance   |     0.5     |            |            |            |            |            |            |            |            |  

 

QP =25; 

WP =18; 

CG =31 

12 sessions, twice a week. QP: body tapping, Qigong 

exercises, band gymnastics, physio-cognitive play, 

light stroll. WP: body tapping, band gymnastics, FW, 

physio-cognitive play, oil massage 

−0.68 kg Fat free mass – QP 

(1) −1.5 kg Fat free mass – WP 

 Body fat mass – QP and WP 

+0.46% % body fat – QP 
 

+0.48% % body fat – WP 

−0.86 Ω Reactance avg both arms – QP 

 
−2.09 Ω Reactance avg both arms – WP 

+1.84 Ω Reactance avg both legs – QP 

+2.15 Ω Reactance avg both legs – WP 

IG =30; 

CG =31 

9 session, once a week: FW, five senses meditation, 

traditional play 

−0.58 kg Weight 

(17) 
 −0.22 Body mass index 

−0.61 kg Fat mass 

 Muscle mass 

BP =29; 

WP =31; 

CG =28 

11 sessions, once a week. WP: FW. BP: guided-

breathing meditation, FW, muscle training 

 Fat free mass – WP and BP 

(2) 

 Body fat mass – WP and BP 

 % body fat – WP and BP 

+1.30° Phase angle of whole body - BP 

+0.44° Phase angle of whole body - WP 

+0.87° Phase angle of both arms - BP 

 Phase angle of both arms – WP 

 Phase angle of both legs – BP 

+0.6° Phase angle of both legs – WP 

+ 6.32 Ω 

Reactance avg both arms – BP 
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 Reactance avg both arms – WP 

 Reactance avg both legs – BP 

+2.25 Ω Reactance avg both legs – WP 

IG: intervention group; CG: control group; DBP: diastolic blood pressure; SBP: systolic blood pressure; FW: forest walking; BP: breathing program; WP: 

walking program; LF: low frequency; HF: high frequency; QP: Qigong program; FEV1: forced expiratory volume in the 1st second; FEV6: forced 

expiratory volume in six seconds 
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Neurochemical response 

Four studies [6, 7, 16, 18] measured IL-6, and three of them [7, 16, 18] identified a decrease 

(from −2 to −60 pg/L). Four studies investigated TNF-α with a significant reduction (from 

−5 to −20 ng/mL) detected in two of them [16, 18]. 

Two studies measured serum total SOD and malondialdehyde (MDA): one of them detected 

a decrease inMDA levels (−2 nmol/L) [6], and the other noted an increase in T-SOD 

(+10.000 U/mL) [18]. 

One study measured IL-1β and IL-8, detecting a significant decrease in both of the 

parameters (−0.5 ng/L in IL-1β and −110 pg/L in IL-8) and the percentage of natural killer 

cells, natural killer T cells and cytotoxic T cells, measuring a general increase 

(approximately 35, 30 and 3%) [16]. The same study also investigated the levels of 

interferon-γ, pulmonary and activation-regulated chemokine, metalloproteinase-1, 

surfactant protein D, cortisol and epinephrine, detecting a decrease in all the 

parameters. Two studies measured renin-angiotensin system constituents, noting no 

significant variations [7, 18]. The analysis of the neurochemical parameters is shown in 

Table 3b. 
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Table 3b. Changes in the neurochemical outcome measures after the forest interventions 
 

Outcome measured 
Sample 

size 
Exercise protocol Outcome changes after intervention Ref 

Interleukin-1β (ng/l)   |     0.1     |            |            |            |            |            |            |            |            |   

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−0.5  (16) 

Interleukin-6 (pg/l)   |  5  |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |   

 
IG =24; 

CG =12 

Two 4-day trips, 1.5 h of FW in the morning and 1.5 h 

in the afternoon 

 After 1st trip 
(6) 

 After 2nd trip 

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−60  (16) 

 
IG =24; 

CG =12 

4-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
 −2 (18) 

 
IG =12; 

CG =12 

1.5 h of FW in the morning and 1.5 h in the afternoon, 

for 7 days 
−15  (7) 

Interleukin-8 (ng/l)   |    20    |          |          |          |          |          |          |          |          |          |   

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
  (16) 

Tumor necrosis factor α (ng/ml)  |  2,5  |      |      |      |      |      |      |      |      |      |      |      |      |      |      |      |   

 
IG =24; 

CG =12 

Two 4-day trips, 1.5 h of FW in the morning and 1.5 h 

in the afternoon 

 After 1st trip (6) 

−5 After 2nd trip  

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−20  (16) 

 
IG =24; 

CG =12 

4-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
  (18) 

 
IG =12; 

CG =12 

1.5 h of FW in the morning and 1.5 h in the afternoon, 

for 7 days 
  (7) 

Serum total SOD (U/ml)   | 1,000 |      |      |      |      |      |      |      |      |      |      |      |      |      |      |     

 
IG =24; 

CG =12 

Two 4-day trips, 1.5 h of FW in the morning and 1.5 h 

in the afternoon 

 After 1st trip 
(6) 

 After 2nd trip 

 
IG =24; 

CG =12 

4-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
+ 10,000  (18) 

Malondialdehyde (nmol/l)  |    0.5    |          |          |          |          |          |          |          |          |          |        

 IG =24; − 2 After 1st trip (6) 
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CG =12 Two 4-day trips, 1.5 h of FW in the morning and 1.5 h 

in the afternoon 
− 2 After 2nd trip  

 
IG =24; 

CG =12 

4-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
  (18) 

C-reactive protein (mg/l)   | 0.25 |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |      

 
IG =20; 

CG =11 

Single day trip, 1.5 h of FW in the morning and 1.5 h 

in the afternoon 
−1.4  (15) 

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−3  (16) 

 
IG =24; 

CG =12 

4-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
  (18) 

Natural killer cells (%)   |  5%  |      |      |      |      |      |      |      |      |      |      |      |      |      |      |      |    

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−35%  (16) 

Natural killer T cells (%)   |  5%  |      |      |      |      |      |      |      |      |      |      |      |      |      |      |      |  

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−30%  (16) 

Cytotoxic T-cell (%)   |  0.5  |      |      |      |      |      |      |      |      |      |      |      |      |      |      |      |     

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−3%  (16) 

Interferon-γ (ng/l)   |   50   |        |        |        |        |        |        |        |        |        |        |        |        |     

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−350  (16) 

Pulmonary and activation-regulated chemokine (ng/ml) |   5   |       |       |       |       |       |       |       |       |       |       |       |       |       |       

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−25  (16) 

Metalloproteinase-1 (ng/ml)  |   5   |       |       |       |       |       |       |       |       |       |       |       |       |       |        

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−50  (16) 

Surfactant protein D (ng/ml)  |  0,1  |      |      |      |      |      |      |      |      |      |      |      |      |      |      |      |     

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−0.9  (16) 

Cortisol (ng/ml)   |   5   |       |       |       |       |       |       |       |       |       |       |       |       |       |       

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−20  (16) 
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Epinephrine (ng/ml)   |  1  |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |      

 
IG =10; 

CG =8 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−10  (16) 

Endothelin-1 (pg/ml)   |    2.5    |          |          |          |          |          |          |          |          |          |  

 
IG =24; 

CG =12 

4-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
  (18) 

 
IG =12; 

CG =12 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−12  (7) 

Homocysteine (µM)   |     0.5     |            |            |            |            |            |            |            |            |   

 
IG =12; 

CG =12 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 
−2  (7) 

Renin-angiotensin system constituents (pg/ml) |  1  |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |   

 
IG =24; 

CG =12 

4-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 

 Renin 

(18) 

 Angiotensinogen 

 Angiotensin II 

 Angiotensin II type 1 receptor 

 Angiotensin II type 2 receptor 

 
IG =12; 

CG =12 

7-day trip, 1.5 h of FW in the morning and 1.5 h in the 

afternoon 

 Renin 

(7) 

 Angiotensinogen 

 Angiotensin II 

 Angiotensin II type 1 receptor 

 Angiotensin II type 2 receptor 

IG: intervention group; CG: control group; FW: forest walking; BP: breathing program; WP: walking program; QP: Qigong program 
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Psychological response 

Four studies submitted to the participants the profile of mood state questionnaire, showing 

an improvement of all the analyzed parameters [7, 15, 16, 18]. Two studies used the Korean 

form of the geriatric depression scale to estimate depression levels, and both detected a 

decrease in depression levels [1, 5]. 

One study [1] measured cognitive impairment with the K-MoCA and quality of life with the 

EQ-5D and found a significant decrease in cognitive impairment and a significant 

improvement in life quality. 

One study evaluated stress and depression levels using SRI and K-BDI-II and detected a 

significant reduction of both stress and depression [17]. The analysis of the psychological 

parameters is shown in Table 3c. 
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Table 3c. Improvements in the psychological outcome measures after the forest interventions 

Outcome measured Sample size Exercise protocol Outcome changes after intervention Ref 

Profile of mood state   |   1   |       |       |       |       |       |       |       |       |       |       |       |       |       |       |       |       |       |       |  

 
IG =20; 

CG =11 
Single day trip, 1.5 h of FW in the morning and 1.5 h in the afternoon 

+2 Tension-anxiety 

(15) 

+3 Depression 

+1 Anger-hostility 

+5 Vigor-activity 

+1 Fatigue 

+2 Confusion 

 
IG =10; 

CG =8 
7-day trip, 1.5 h of FW in the morning and 1.5 h in the afternoon 

+2 Tension-anxiety 

(16) 

+5 Depression 

+5 Anger-hostility 

+2 Vigor-activity 

+3 Fatigue 

+3 Confusion 

 
IG =24; 

CG =12 
4-day trip, 1.5 h of FW in the morning and 1.5 h in the afternoon 

+4 Tension-anxiety 

(18) 

+7.5 Depression 

+6.5 Anger-hostility 

 Vigor-activity 

+3 Fatigue 

+3.5 Confusion 

 
IG =12; 

CG =12 
1.5 h of FW in the morning and 1.5 h in the afternoon, for 7 days 

+1 Tension-anxiety 

(7) 

+4.5 Depression 

+5 Anger-hostility 

+3.5 Vigor-activity 

+3 Fatigue 

+3 Confusion 

Korean Form of Geriatric Depression Scale  |       1       |               |               |               |               |               |               |               |               |               |   

 
IG =43; 

CG =19 

11 sessions, once a week, of forest therapy activities: 

FW, band gymnastic, rhythmic gymnastic 
−3.267  (5) 

 

QP =25; 

WP =18; 

CG =31 

12 sessions, twice a week. QP: body tapping, Qigong exercises, band 

gymnastics, physio-cognitive play, light stroll. WP: body tapping, 

band gymnastics, FW, physio-cognitive play, oil massage 

−2.23 QP 

(1) 

 WP 

Korean Form of Montreal Cognitive Assessment  |       1       |               |               |               |               |               |               |               |               |               |   
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QP =25; 

WP =18; 

CG =31 

12 sessions, twice a week. QP: body tapping, Qigong exercises, band 

gymnastics, physio-cognitive play, light stroll. WP: body tapping, 

band gymnastics, FW, physio-cognitive play, oil massage 

+2.22 QP 

(1) 
+3.46 WP 

EQ-5D   |   0.01   |         |         |         |         |         |         |         |         |         |         |         |         |         |         |   

 

QP =25; 

WP =18; 

CG =31 

12 sessions, twice a week. QP: body tapping, Qigong exercises, band 

gymnastics, physio-cognitive play, light stroll. WP: body tapping, 

band gymnastics, FW, physio-cognitive play, oil massage 

+0.05  (1) 

Stress response inventory   |       5       |               |               |               |               |               |               |               |               |               |   

 IG =30; CG =31 9 session, once a week: FW, five senses meditation, traditional play −23.9  (17) 

Korean Beck Depression Inventory – II  |   1   |       |       |       |       |       |       |       |       |       |       |       |       |       |       |       |       |       |       |  

 IG =30; CG =31 9 session, once a week: FW, five senses meditation, traditional play −6.87  (17) 

IG: intervention group; CG: control group; FW: forest walking; BP: breathing program; WP: walking program; QP: Qigong program 
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7.5 Discussion 

 

The positive effects that exposure to nature plays on human health have been established. 

Numerous observational or randomized trials that included forest intervention reported 

positive outcomes among the participants who spent time in a forest, and some benefits were 

shown to be derived even with simply viewing natural environments [4, 8, 23–26]. To 

provide additional information, the aim of this review was to focus on the possible 

physiological and psychological benefits derived from exercise interventions performed in 

the natural environment in the elderly population to possibly suggest guidelines or directions 

for future research on forest bathing interventions. 

To the best of our knowledge, no previous literature reviews have focused on forest therapy 

interventions in the population aged more than 60 years old. This fact sounds surprising since 

the global aging population is increasing [1] and exercise therapy is effective and warranted 

in the elderly [27–29]. The possible combination of exercise training with the positive effects 

derived from forest therapy in young and middle-aged people [13, 25, 30, 31] can further 

enhance the impact on physical and psychological wellbeing in this population. Several 

studies recently reviewed [32], highlighted the effectiveness of different natural 

interventions in different ages, with beneficial effects of both psychological and physical 

health equally observed among young and adults. 

At first, it should be discussed that due to the high heterogeneity of interventions, a meta-

analysis to determine the estimated total effects of forest therapy cannot be performed. This 

is mainly due to the lack of high-quality randomized trials, as already reported [8], and the 

lack of control groups in the majority of the studies analyzed. 

Focusing on the interventions proposed, this review identified different types of exercise 

training, including forest walking [3, 6, 7, 15, 16, 18] and several musculoskeletal or cardio 

fitness exercises in addition to walking, in four other trials [1, 2, 5, 17]. In all the studies 

analyzed, the duration and speed of walking training were only occasionally reported, and 

large variability needs to be accounted for, particularly when a “comfortable” walking speed 

was required to the patients. This fact opens a possible discussion on the direct impact of 

forest interventions on measurable physiological outcomes, such as blood pressure. Indeed, 

despite the evidence provided by some papers reviewed here [3, 7, 15], the training factors 

in terms of duration, frequency and intensity are extensively known to be responsible for 

different changes in blood pressure response [28] in older patients [29]. This means that 

forest interventions cannot directly claim that the positive effects registered on the majority 

of functional parameters rely only on their interventions, but the physiological effects of any 
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kind of physical activity need to be considered. Otherwise, the psychological effects 

recorded in several papers [1, 7, 9, 15–18, 24, 30, 33–35] may be reliable, since several 

studies suggest that exposure to a green environment is associated with a positive impact on 

psychological wellbeing, including recovery from illness and even decreased mortality [36–

38]. The studies reviewed here specifically highlighted an improvement in the levels of 

cognitive functions, as well a reduction in stress and depression levels [1, 5, 7, 15–18]. From 

the neurochemical point of view, a general anti-inflammatory effect with a reduction in the 

expression of interleukins and other proinflammatory markers has been reported. However, 

it is impossible to make a comparison since a much higher number of different proteins and 

molecules have been measured in different studies. In addition, a direct comparison between 

forest therapy and simply outdoor exercise should not be directly performed, since no trials 

compared the same physical intervention carried out in different settings. To this end, while 

the combination of nature and therapy seems to be beneficial, the knowledge within forest 

therapies to date remains a conditional basis for effect inferences [39]. Indeed, most studies 

are based on qualitative or quantitative analysis of evidence-based medical research, lacking 

basic theoretical insights of forestry [32]. A comprehensive analysis of the forest combined 

with the monitoring of key factors of the therapeutic process are important to understand the 

multidimensional health benefits of forest therapy when compared to outdoor exercise [40]. 

Finally, another aspect to be discussed is the total absence of adverse events or re-actions 

that occurred during the >8,000 forest walking sessions examined. On the one hand, this fact 

may be due to poor quality in reporting this outcome, but on the other hand, it may suggest 

the safety of these forest interventions in the older population, when a higher risk is expected. 

 

Recommendations for future research 

Evidence-based guidelines on forest interventions, including walking or other forms of 

exercise, should be developed. High-quality trials should be conducted on forest walking or 

forest therapy programs as a health promotion in elderly patients to establish strong evidence 

of their clinical effects. For further studies, we recommend that researchers clearly set forest 

walking interventions according to the frequency, intensity, time parameters, since we 

believe that different adjustments of these factors may lead to dissimilar responses. In 

addition, we advise collecting physiological outcomes in standard conditions (e.g., blood 

pressure) to make possible a comparison between the studies. Moreover, considering 

psychological outcomes, it is necessary to identify scales and questionnaires globally, and 

not only regionally, used. Finally, we encourage countries other than Korea and China to 
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perform these kinds of studies to promote forest interventions in the older populations 

outside Asian countries. 

From a qualitative point of view, we encourage researchers to describe in details the different 

forestry contexts, since so far city parks have been classified as forest therapy as centuries-

old forests, creating a possible bias in the results interpretation, considering also that 

different trees impact on psychological health [41]. Therefore, the existing evidence on the 

therapeutic effects of forest therapy is still insufficient to establish clinical guidelines on its 

use in the elderly population as a health promotion strategy or disease prevention activity. 

 

Limitations 

Although it was observed in this review that forest bathing had positive effects on the elderly 

population, there are several limitations to this review. First, only studies on forest therapy 

interventions published in English were examined; those in other languages were not 

identified. A number of papers on forest bathing have been published in Chinese and 

Japanese, leading to a possible language bias. The review, although limited to a “special” 

population, was not registered in the PROSPERO database. Finally, a comparison between 

different forests could not be performed due to the limited information provided in the 

analyzed manuscripts. 

 

 

7.6 Conclusion 

 

The evidence presented in the studies that were reviewed here indicated that forest therapy 

interventions were effective in improving physiological, neurochemical and biological 

parameters, and psychological wellbeing. A minimum duration of these interventions to 

obtain significant benefits cannot be identified yet due to the high heterogeneity of the 

protocols proposed and their conduction in only a few countries in the world. More 

observational, exploratory or randomized controlled trials are therefore warranted to 

establish the effectiveness of forest interventions on physiological and psychological 

parameters in the elderly population. 
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8. ECOLOGICAL ASPECTS OF EXERCISE IN DIALYSIS 

 

 

Given the high environmental impact of the healthcare system and, in particular, the high 

cost of dialysis treatment, we analysed how an approach based on the synergy of exercise, 

diet, and the environment could be effective in improving the wellbeing of people with CKD. 

We have written a narrative review on this topic, which is currently in the submission stage 

for possible publication. 

 

 

8.1 Introduction 

 

The World Health Organization (WHO) defines Sustainable Healthcare (SH) as “a system 

that improves, maintains, or restores health while minimizing negative impacts on the 

environment and leveraging opportunities to restore and improve it, to the benefit of the 

health and well-being of current and future generations” [1]. 

There is clear evidence suggesting that the activities of any healthcare system significantly 

impact and pressurize the environment. These impact agents include generations of 

hazardous and conventional garbage, significant water consumption and greenhouse gas 

emissions, and the high consumption of energy. Fortunately, technological advances in 

healthcare have shown the potential to provide health benefits while safeguarding the 

environment. Effective, efficient, resilient healthcare models designed with environmental 

awareness and patient involvement are fundamental for SHs, as are sustainable transversal 

models specific to the treatment of chronic diseases. 

Among these, chronic kidney disease (CKD) calls for a sustainable model, or perhaps more 

different models, considering the peculiar characteristics of patients at different stages of the 

disease. In particular, for patients at the final stage, when dialysis treatment is life-saving 

while waiting whenever possible for kidney transplantation, ethical issues [2] and critical 

aspects have been highlighted [3]. Among those, the high cardiovascular morbidity and 

mortality, reduced quality of life (QoL), costs related to management and transport to the 

dialysis centre, and overall global disparities are notable due to the increasing demand and 

insufficient availability of the treatment itself. 

 

In addition, the dramatic environmental impact of haemodialysis, in particular, is also 

reported, considering that for each dialysis session, a waste production of between 1.5 and 8 
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kg (including approximately 30% of hazardous trash) and a water consumption of 500 litres 

are reported. 

Bearing in mind all the premises, there is a need to identify specific strategies to be 

implemented for CKD patients and their families. Among these strategies, physical exercise 

has been recognized as a useful tool to counteract the hazards derived from the sedentary 

behaviour of CKD patients. 

This narrative review aims to provide an overview of the potential of physical exercise as an 

effective tool for improving the psychophysical well-being of patients on dialysis from an 

ecological perspective. 

 

 

8.2 Exercise and End-Stage Kidney Disease 

 

Poor physical functioning is probably the most pervasive and disabling disturbance in 

patients at the final stage of kidney disease [4]. When patients reach the last stage of the 

disease and start hemodialysis (HD) treatment, their physical activity levels decrease to 

approximately 25% of those recorded in age-matched sedentary healthy individuals. In 

addition, one out of three HD patients is unable to perform activities of daily living without 

assistance [5]. This triggers a vicious and potentially dangerous cycle for the health of 

patients, with an increased risk of morbidity and mortality. People undergoing HD treatment 

are at greater risk of cardiovascular disease and depression and have a lower QoL and limited 

survival than the general population [5]. 

Physical activity represents an effective tool to overcome this vicious cycle, with reported 

beneficial effects on physical fitness, walking capacity, health-related QoL, and other 

parameters [6]. For these reasons, the National Kidney Foundation KDOQI Clinical Practice 

Guidelines for Cardiovascular Disease in Dialysis Patients report that patients should be 

counseled and encouraged to increase their level of physical activity. However, exercise is 

still not prescribed regularly as part of usual care [5] due to several barriers, including a 

reported attitude of non-proactive staff toward encouraging patients to participate in exercise 

programs [7]. 

A behavioral change in patients’ attitudes toward a more active and healthy lifestyle could 

represent a type of “ecological” intervention for its impact on QoL and mental and physical 

wellbeing [8] but also on environmental harmony. These interconnected aspects, potentially 

improvable through physical exercise [8], are perceived by patients [9-11] beyond the 

currently available scientific evidence [12]. Indeed, patients request effective interventions 



79 

 

to prevent cardiovascular diseases, improve mobility and slow physical decline after dialysis 

treatment, improve debilitating physical (fatigue, insomnia, and cramps) and mood 

symptoms (depression, anxiety, and frustration) [13], maintain good QoL with the possibility 

of traveling [14,15], maintain mobility and the ability to work, have dialysis-free time, and 

reduce the impact of dialysis on family and/or friends [2,16-18]. 

The majority of these aspects are still unaddressed, or the scientific literature struggles to 

find wide-ranging solutions that are not limited to specific interventions (e.g., a clinical trial). 

The everyday reality and routine nature of renal care address the limited availability of 

effective programs offering physical function assessment and/or exercise training, which 

positively influence the trajectory of renal care [12,19,20], or crushes on the reported 

patients’ and nephrologists’ barriers in understanding the importance of exercise 

interventions [21]. 

Considering this scenario, it is important to describe the existing connections among the 

environment, diet, and exercise to make the latter a policy priority, to improve the physical 

and mental health of patients, and to reduce the impact of dialysis. 

 

Figure 1. Visual conceptualization of the study 

 

 

 

8.3 Exercise and dietary interventions 

 

To favor an ecological strategy aimed at counteracting the negative effects of sedentariness 

and lack of exercise in patients with CKD [22], various key elements should be considered. 

At first, the importance of diet in protecting against the unfavorable evolution of renal 

disease [23,24] and the management of dialysis treatment [24] through a comprehensive 

nutritional approach based on natural foods and low protein, phosphate, or salt, red meat 

[25-28] and adequate fluid management [12] is well known. 
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The nutritional approach, on the one hand, may provide a synergistic effect with exercise, 

improving patients' well-being; on the other hand, the effects of nutritional interventions [29] 

could favor the physical performance of CKD patients [30] through targeted nutritional 

strategies (e.g., protein supplementation) associated with different types of exercise. 

However, based on the trials available in the literature, the results of the combination of 

exercise and supplementation are partly conflicting (Table 1). Finally, malnutrition should 

also be avoided and possibly prevented with simple screening tools [31]. 

 

 

Table 1. Effects of combined exercise and diet interventions in dialysis patients 

Author Journal Year 
Study 

design 

Sample 

size 

Age 

(years) 
Intervention Outcomes Results 

Martin-

Alemañy 

et al [32] 

J Ren Nutr 2019 

Parallel 

controlled 

clinical trial 

N =45 

(F =24) 
29 ± 9 

AE+ONS (n =15) 

RE+ONS (n =15) 

ONS (n =15) 

Physiological 

Psychological 

Exercise and ONS had 

larger effects on PF 

than ONS alone 

Gamboa et 

al [33] 

Am J 

Physiol 

Renal 

Physiol 

2020 

Prospective, 

randomized, 

open-label, 

parallel-arm 

clinical trial 

N =12 

(F =2) 

41 

(30-50) 

RE+ONS (n =6) 

ONS (n =6) 
Neurochemical 

IPS increases protein 

balance, fat cross-

sectional area of the 

thigh, and markers of 

mitochondrial content 

Majchrzak 

et al [34] 

Nephrol 

Dial 

Transplant 

2008 

Randomized, 

prospective, 

crossover 

study 

N = 8 

(F =2) 
38 ± 11 RE+ONS Neurochemical 

RE improves protein 

anabolic effects of 

intradialytic ONS 

Dong et al 

[35] 
J Ren Nutr 2011 

Randomized 

controlled 

trial 

32 

(F =11) 
43 ± 13 RE+ONS Physiological 

The addition of RE to 

ONS didn’t show any 

extra effects on muscle 

protein accretion 

Martin-

Alemañy 

et al [36] 

Nephrol 

Dial 

Transplant 

2016 
Randomized 

clinical trial 
44 

44 

(24-43) 

RE+ONS (n =22) 

ONS (n =22) 

Psychological 

Neurochemical 

ONS during HD 

improves NS. The 

addition of RE didn’t 

show better effects 

F: female; AE: aerobic exercise; ONS: oral nutritional supplementation; RE: resistance exercise; PF: 

physical function; IPS: intradialytic protein supplementation; HD: hemodialysis; NS: nutritional 

status 

 

 

8.4 Exercise-environment synergy 

 

In addition to nutrition, the synergy between exercise and the natural environment can also 

be exploited. According to Lewy, “patients are less likely to exhibit signs of depression, 

especially where access to natural light and opportunities for physical exercise are present” 

[37]. Indeed, it is believed that spending time in nature can promote and encourage physical 

activity and that a natural environment combined with exercise may improve mood 

[38,39,48,49,40–47] and functioning [50], as well as social cohesion and positive social 

relations between people. 
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These positive effects of the natural environment should also be pursued in CKD patients 

and particularly in HD patients, where the ecological model acquires a double meaning, 

considering that the Greek word “oikos” means “home”, or “place to live”. Considering that 

HD therapy involves a prolonged daily presence in the place of care, the creation of a 

favorable ecosystem (e.g., by rethinking the care environment itself) could foster a model of 

psychological and social interactions, with benefits not only for patients but also for the 

healthcare team. 

In this sense, the inclusion of nature, or natural elements, in the dialysis center may be 

obtained through the exploitation of the principles of biophilic design. Its related aspects, 

such as environmental features, natural shape and forms, natural patterns, light, and space 

[51], could represent an effective tool to promote the empowerment of patients and improve 

psychological equilibrium and physical well-being. Visual contact with nature has been 

associated with improved health outcomes in patients [52-60], reduced duration of 

hospitalization and recovery time following surgery, lower perception of pain with reduced 

use of drugs, favorable physiological adaptations in the activity of the parasympathetic 

nervous system, lower levels of anxiety and fatigue stress, and a general sense of well-being. 

Positive effects in response to biophilic design may also be observed in visitors and 

caregivers as well as staff members in terms of stress, fatigue, productivity, organizational 

skills, job satisfaction, and attention levels. As a further favorable aspect, interventions to 

modify the environment of care with natural elements do not necessarily require structural 

solutions but can also be achieved through one of the three possible modes of interaction 

with nature [51] envisaged by biophilic design. Indeed, the biophilic experience may derive 

from direct and real contact or an indirect experience of nature through images or the use of 

perspectives, as well as from the virtual connection with nature, considering that visual, 

acoustic, olfactory, and tactile stimuli have a multisensory impact on the person. 

The connection between exercise and the environment is a well-known concept. The 

Japanese term Shinrin-Yoku is an expression of the practice of performing activities in the 

forest to enjoy the full benefits of the forest and enhance the effects of the exercise. This 

activity has also recently become a field of interest in Western countries, and its beneficial 

effects on physiological (e.g., salivary cortisol levels, heart rate, blood pressure) and 

psychological (e.g., stress) parameters have been recognized. 
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Table 2. Systematic reviews of the effects of exercise in nature 

Author Journal Year 
Studies 

included 
Intervention Outcomes Results 

Antonelli 

et al 

[61] 

Int J 

Biometeorol 
2019 8 Forest walking Psychological 

Forest bathing can reduce stress 

levels 

Brito 

et al 

[62] 

Environ. Sci. 

Technol 
2022 24 Green exercise 

Physiological 

Psychological 

Green exercise is associated with 

greater benefits than indoor 

exercise 

Hansen 

et al 

[63] 

Int. J. Environ. 

Res. Public 

Health 

2017 64 Forest walking 
Physiological 

Psychological 

Forest walking reduces HR and BP, 

and increases relaxation 

Ideno 

et al 

[64] 

BMC 

Complement 

Altern Med 

2017 20 Forest walking Physiological 
Forest walking can significantly 

reduce BP 

Ka-Yin 

Yau et al 

[65] 

Environ. Health 

Prev. Med. 
2020 14 Forest walking 

Physiological 

Neurochemical 

Psychological 

Forest walking has physiologically 

and psychologically relaxing effects 

on people with pre-HTN and HTN 

Lahart 

et al 

[66] 

Int. J. Environ. 

Res. Public 

Health 

2019 28 Green exercise 
Physiological 

Psychological 

Limited evidence that green 

exercise offers superior benefits 

than indoor exercise 

Marini 

et al 

[67] 

Int. J. Environ. 

Res. Public 

Health 

2022 6 Green exercise 
Physiological 

Psychological 

Green exercise can have a positive 

impact on the healthy population 

Park 

et al 

[68] 

Int. J. Environ. 

Res. Public 

Health 

2022 32 
Forest walking 

Green exercise 

Physiological 

Psychological 

Forest walking can improve 

physiological and psychological 

outcomes 

Piva 

et al 

[69] 

Rev Environ 

Health 
2022 10 Forest walking 

Physiological 

Neurochemical 

psychological 

Forest walking can improve 

physiological, neurochemical, and 

psychological parameters 

Wicks 

et al 

[70] 

Appl Psychol 

Health Well-

Being 

2022 24 Green exercise Psychological 

Exercise in nature improves 

psychological outcomes better than 

exercise in urban environment 

SCL: salivary cortisol levels; HR: heart rate; BP: blood pressure; HTN: hypertension 

 

 

8.5 Effects of exercise on the quality of life of people with CKD 

 

The promotion of physical activity in patients with CKD thus represents both an ecological 

strategy and a necessary “replacement therapy”, since spontaneous activity measured or 

reported in these persons is markedly reduced in comparison with the elderly population and 

age-matched peers [12,71,72]. 

This sedentary behavior is associated with progressive deconditioning, skeletal muscle 

atrophy, dysfunction, and chronic fatigue, leading to a progressive reduction in exercise 

capacity, frailty, and disability [5,22,73]. In the course of this unfavorable progression, an 

inadequate lifestyle is associated with poor control of risk factors (e.g., blood pressure), low 

health-related QoL, psychological discomfort, depression, and lack of motivation [74]. 

Moreover, reduced physical activity and impaired mobility, as well as low measured 

physical function, are associated with poor clinical outcomes among the CKD population in 
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general [75], with higher cardiovascular morbidity and all-cause mortality, particularly 

among patients on HD [76,77]. 

On the other hand, the benefits of regular exercise across the trajectory of renal care, from 

the early stages of CKD to kidney transplant recipients, have been reported [8,78]. Exercise 

has a positive impact on the cardiovascular system, walking capacity, and aerobic fitness, as 

well as on health-related QoL and mood. Even minimal weekly doses were reported to be 

associated with better clinical outcomes [4]. 

 

 

Table 3. Systematic reviews of the effects of exercise on QoL in dialysis patients 

Author Journal Year 
Studies 

included 

Interv

ention 
Outcomes Results 

Cai 

et al. 

[79] 

Ann 

Palliat 

Med 

2022 7 
AE, 

RE 
Urea clearance index; PF; Mental health 

AE+RE can improve the urea 

clearance index, mental health, 

social functioning, and HRQoL 

Bernier

-Jean et 

al. 

[8] 

CDSR 2022 89 
AE, 

RE 

Death; Fatigue; HRQoL; Depression; 

6MWT; STS; BP; VO2 max; ALB, Blood 

lipids; Body composition; BMI; Ca; 

CRP; KT/V; Energy intake; Hb; LVEF; 

LVMI; HR; Muscle strength; Phosphate; 

K; Protein intake; PTH; RHR; TUG 

There is no certainty about the 

effects of AE or RE on the 

mental component of HRQoL 

Hargro

ve 

et al. 

[80] 

CJASN 2021 15 AE 
RLS; Sleep disturbance; Anxiety; 

Depression; Muscle cramps; Fatigue 

IDAE and EDAE can be 

therapeutic options for RLS, 

depression, muscle cramps and 

fatigue 

Hu 

et al. 

[81] 

Qual. Life 

Res. 
2022 33 

AE, 

RE 

SF-36; KDQOL-SF; KDQOL-36; SF-12; 

RAND-36 

AE can improve HRQoL. IDE 

can enhance the PCS and PF but 

not the MCS and BP 

Huang 

et al. 

[82] 

Am J 

Nephrol 
2019 20 

AE, 

RE 

KT/V; SBP; DBP; VO2 max; 6MWT; 

HRQoL 

AE or AE+RE can be beneficial 

for exercise capacity, walking 

capacity and QoL 

Mosted 

et al. 

[83] 

Dan Med J 2019 8 RE 
LBM; Muscle strength; FFM; HRQoL; 

PF 

RE can improve self-reported 

physical function and the 

Physical Component of SF-36 

Salhab 

et al. 

[84] 

J. Nephrol. 2019 22 AE 
SF-36; KDQOL-SF; WHO-QOL26; 

KDQOL 

IDAE has positive effect on the 

Physical and Mental Component 

of SF-36 

Song 

et al. 

[85] 

J. Pain 

Manag 
2018 15 

AE, 

RE 
RLS; Depression; Sleep quality; Fatigue 

AE and RE may reduce the 

severity of RLS, depression, and 

fatigue 

Zhang 

et al. 

[86] 

Nurs. 

Open 
2018 14 RE 

6MWT; STS; HG; Nutrient intake; 

HRQoL 

IDRE may give benefits in 

physical function, however there 

is no difference in the SF‐36 

AE: aerobic exercise; RE: resistance exercise; PF: physical functioning; HRQoL: health-related 

quality-of-life; 6MWT: 6-minute walking test; STS: sit-to-stand test; SBP: systolic blood pressure; 

DBP: diastolic blood pressure; ALB: albumin; BMI: body mass index; Ca: calcium; CRP: C-reactive 

protein; KT/V: dialysis efficacy; Hb: hemoglobin; LVEF: left ventricular ejection fraction; LVMI: 

left ventricular mass index; HR: heart rate; K: potassium; PTH: parathyroid hormone; RHR: resting 

heart rate; TUG: Timed up-and-go test; RLS: restless legs syndrome; IDAE: intradialytic aerobic 

exercise; EDAE: extra-dialytic aerobic exercise; SF-36: Short Form Health Survey; KDOQOL-SF: 

Kidney Disease Quality of Life Short Form; KDQOL-36: Kidney Disease Quality of Life Instrument; 

SF-12: Short Form Health Survey; IDE: intradialytic aerobic exercise; PCS: physical component 
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summary; MCS: mental component summary; BP: bodily pain; LBM: lean body mass; FFM: fat-

free mass; eGFR: kidney function; IDRE: intra-dialytic resistance exercise; 

 

 

8.6 Effects of exercise on CKD progression 

 

Among the clinical outcomes related to the ecological approach to exercise in CKD patients, 

there is the possibility of positively interfering with renal function and renal disease 

progression through patients’ physical empowerment. Stable values of kidney function 

parameters have been observed among physically active older subjects [87] compared to 

inactive ones [88], as well as a slower rate of eGFR loss and in persons with CKD [20,71,89-

92], as well as in persons at a higher level of fitness [71,91,92] or a favorable or even small 

effect on eGFR after physical training, without effects of exercise on proteinuria [93,94]. 

The deceleration of CKD progression may be related to the favorable effects of physical 

activity and exercise [95] on blood pressure control [96] and vascular stiffness, although the 

results are controversial [97]. In CKD patients with concomitant PAD and claudication, 

walking as a form of exercise rehabilitation may lead to a lower rate of peripheral 

revascularization, with a lower need for kidney-invasive diagnostics (e.g., angiographic 

procedures) employing contrast agents [98]. However, the overall quality of the reported 

trials is low, and the potential ability of exercise to delay the initiation of dialysis treatment 

needs to be verified in prospective high-quality studies. 

In the dialyzed patient (both HD and PD), the effects of physical exercise on dialysis 

treatment efficiency have been reported [99], with benefits observed in terms of improved 

hemodialysis adequacy, exercise capacity, depression, and quality of life of patients. 

 

 

8.7 An ecological model for the care of dialysis patients 

 

The demonstrated wide range of clinical benefits and patient requests [71] indicate the need 

for effective exercise-based interventions, which have been proposed and validated by 

researchers in the field [2,12]. However, despite the evidence in recent literature [19], it is 

difficult to believe that a single exercise-based intervention, even the most effective, can be 

widely disseminated and accepted by the majority of the scientific community. 
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The creation of sustainable, feasible, and broadly inclusive models of exercise and the 

incorporation of these activities into patients' daily routine is a necessary objective to pursue, 

despite its complexity. 

Moving toward an ecological framework of the patient's engagement in physical activity, 

the interaction between the subjective and the environmental factors that influence, 

positively or negatively, patients’ behaviour needs to be taken into consideration [100,101]. 

According to Sallis and Owen, these interventions should operate on multiple levels and 

should be designed considering the four domains of physical activity, namely, active 

recreation, household activities, occupational activities, and active transportation, which 

contribute to defining “active living” [101,102]. 

For CKD patients in particular, different models should be designed, paying special attention 

to the most fragile subgroup of this population or those at the final stage of disease. These 

four domains are mainly limited by the impact of the dialytic treatment, which occupies a 

significant part of the patient’s day and causes him/her to experience fatigue and limited 

residual energy. 

In this scenario, various exercise-based interventions should be tested in real-life models, 

taking into account the complex characteristics of these patients, including skills, limitations, 

and preferences. An expert in exercise training may offer group-based or individualized 

training solutions by assessing the subject's domains [101] and acting as a connector between 

the person, the environment, the family, and the nephrology staff. Customization should 

consider several related aspects to be integrated into the ecological model, such as patient-

related factors (family context, age, disability status, income) [101], needs, and preferences 

about “where when, and how” to exercise. 

The expert should also properly manage the exercise intervention and its determining factors. 

If we know sufficiently well "why exercise?" It is important to define other aspects—where 

when, and how much [71] exercise is recommended for patients—to design the model. 

The location at which exercise training is performed is a crucial factor, according to the 

individual preferences of a single patient. This aspect, only partly investigated, shows the 

preference of patients for home-based exercise [9,71], including low-cost tele-rehabilitative 

therapies that are considered to be effective [2]. However, the choice of the home 

environment, or natural or outdoor environment, may be dependent on the patients’ degree 

of fitness, age, knowledge, skills and abilities, neighbourhood or environmental 

surroundings, and related safety (e.g., access to sidewalks) [40,41] or autonomy of transport 

[101]. Training activities at home can be facilitated by technology and controlled by 
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wearable or remote systems, and they can be carried out individually, organized (e.g., 

walking groups), or structured through the use of precise home-based programs. 

The choice of an extra-home environment may take into account supervised community-

based programs, which, on the other hand, are limited by the availability of fitness facilities, 

distances from patients’ homes, the possibility of transportation, and the costs and 

affordability for patients. 

As a final alternative, a limited number of patients may prefer the hospital environment, or 

more specifically, the dialysis unit [9,71]. Here, it may be implemented with the presence of 

an exercise specialist to carry out different unstructured or structured training interventions 

[103]. 

After the setting, a second crucial parameter is the exercise modality. The scientific literature 

offers a wide range of recommendations in terms of the intensity, duration, and frequency of 

aerobic and/or resistance training [104]. In general, despite low functioning and high 

cardiovascular risk, no side effects related to exercise were reported, leading to a lack of 

evidence for exercise restrictions [6,105]. However, the main issue remains encouraging 

people with comorbidities and disabilities [21] to engage in physical activity and exercise; 

therefore, safe and inclusive approaches need to be fully considered. 

Exercise protocols should be designed to require a few preparticipation visits for the selected 

patients at a proper intensity to be safe for people with different capabilities [21,22] and to 

minimize exercise-limiting symptoms. For example, in patients with peripheral artery 

disease (PAD), who represent a high percentage of CKD patients, low levels of pain during 

exercise, which often represent a barrier to training [106], favour good adherence. The 

guidelines for chronic diseases recommend performing at least 150 minutes of moderate-

intensity aerobic physical activity a week or 75 minutes of vigorous-intensity activity [107]; 

however, even lower doses of exercise can provide documented benefits [108]. 

In elderly individuals, a modest increase in physical activity has been associated with 

improved renal function over time while still keeping the patient in the considered sedentary 

range. Low-intensity programs carried out for short periods (8-15 min per day) were 

associated with benefits in strength, HRQoL, clinical outcomes, and hospitalization in CKD 

and ESKD patients [4] and may reduce post-dialysis fatigue and symptoms such as restless 

legs, cramps, with a legacy effect [109]. According to the Dialysis Outcomes and Practice 

Patterns Study, an exercise frequency of more than one session per week was associated with 

a lower mortality risk [110]. Effective protocols should be based on simple exercises 

(walking, pedalling, lightweight or bands), possibly structured [4]. Finally, the program 
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should be well accepted and potentially chosen from various options to involve persons in 

their care and even flexible [111]. 

In terms of duration, training programs ranging from 4 to 6 months are generally reported, 

but will it also be possible for the ESRD patient to train for shorter repeatable cycles? Most 

likely, training periodization should be favoured over a foreseeable amount of time, and the 

high risk of morbidity and drop-outs should be considered. 

In general, “ecological exercise” programs should be aimed at increasing physical activity 

and favouring socialization. However, in this direction, protocols should aim to be the least 

expensive possible (or free of charge) and to limit the requirements of transportation, tools, 

and resources (electricity, pollution, etc.). Moreover, they should have training goals that 

may be reached to avoid frustration and possible abandonment. Finally, exercise 

interventions could also be combined with physical or psychological complementary 

activities such as laughter therapy [112] and behavioural interventions such as mindfulness 

treatments, relaxation, narrative and storytelling, and cinema [113]. 

Therefore, it is necessary to define who can carry out this synthesis and provide the ideal 

exercise accompaniment for each subject, considering the reported positive effects of 

counselling [71]. In our opinion, a specific healthcare professional should be at the patient’s 

side. Considering the several limitations of physical activity conducted by nephrological 

nurses [114-118], as well as the poor experience of nephrologists [114], the presence of 

health and fitness professionals has a crucial role in creating multiprofessional teams in 

dialysis units [119]. These figures may address organizational and logistic issues and patient 

counselling in terms of exercise, based on the experience progressively gained [120]. 

Furthermore, this role is crucial considering the importance of integration with personnel 

engaged in the health care of patients (doctors, nurses, etc.) to disseminate the possible 

benefits derived from exercise and increased physical activity, considering the reported low 

rates of exercise counselling among nephrologists [7]. 

Finally, the changes in the individual ecological approach can occur according to local [101] 

or general availabilities of community facilities, rehabilitative services in the hospital, 

changes in exercise and physical activity policy barrier domains, and novel strategies in 

kidney care, which could facilitate health services to increase physical activity levels in CKD 

and ESKD patients [21]. 

Approaches to maximizing functional and social rehabilitation are also important in patients 

with kidney failure. In addition to the abovementioned symptoms, Tong et al. identified the 

ability to travel, the ability to work, dialysis-free time, the impact of dialysis on family and/or 

friends, and mobility as important middle-tier outcomes [16]. These authors also identified 
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life participation as one of five core outcomes and identified impact on family and/or friends 

and mobility as other outcomes that are important to patients [121]. 

Given the importance of these outcomes to patients and stakeholders, researchers in the field 

of nephrology must develop tools to enable valid and consistent measurement of these 

outcomes and identify interventions that could favourably modify them. 

 

 

8.8 Conclusion 

 

Researchers are currently attempting to hypothesize and test safe, sustainable, and effective 

interventions to improve patients' mobility and attitudes toward exercise in real-world 

environments. 

On this basis, feasible models that overcome as many barriers as possible with ease of 

application may be derived and implemented in nephrology centres in any country. When 

possible, multidisciplinary interventions promoting exercise training, dietary improvements, 

and behavioural and environmental modifications should be designed. Multidisciplinary 

models that are sufficiently effective and cost-efficient and based on simple concepts, if 

shared without preconceptions by stakeholders, could be welcomed by persons on 

haemodialysis, with a positive impact on patient-centred outcomes and with wide 

dissemination. 

These steps could favour “global and local policy reform to address funding, service 

provision, legislation, regulations, guidelines, environmental aspects, and communication 

and marketing to maintain physical activity and a high quality of life of people living with 

kidney disease” [21]. However, in addition to top-down interventions, bottom-up efforts 

from patients and researchers are necessary [2]. 
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9. PHYSICAL EMPOWERMENT OF PEOPLE IN DIALYSIS 

 

 

The hereby reported methods for the study performed, were published by Manfredini F et 

al. in the journal Methods Protoc. 2020;3(4):83. doi:10.3390/mps3040083 

 

 

9.1 Aim of the project 

 

The first goal of the PhD project is to prove the effectiveness of an exercise intervention, 

focusing on the inclusion of the Exercise Facilitator figure within the HD center to improve 

the physical, psychological, and social well-being of patients. Recognizing the role of the 

EF among the operational figures within the HD center would be crucial because it would 

fill a gap in the service that is currently offered to patients. 

The possibility for patients to engage with an expert daily who can recommend and guide 

them in carrying out validated exercise patterns is a first possibility, enabling them to 

overcome many barriers to exercise reported by patients. In addition, the request for an 

exercise specialist to be available in the HD center was a specific request from Excite trial 

participants, 90% of whom felt that the presence of an EF would be helpful to them. Thus, 

this project consists of bottom-up implementation of a request from stakeholders. 

 

 

9.2 Methods 

 

Study design 

The study is a pragmatic feasibility nonrandomized implementation trial with a qualitative 

analysis. The trial has been registered at: Clinicaltrials.gov NCT04282616 

[Registered:24/02/2020]. The study included two different phases and was completed in 

three years. 
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Figure 1. Study design 

 

U-PA-I: unstructured physical activity increase; S-HB-LI: structured home-based low-intensity; S-

SU-LI: structured supervised low-intensity; PPA: physical performance assessment. 

 

 

Study settings 

Originally, the study took place at two centers of the Operative Unit of Nephrology and 

Dialysis located at two different sites: at the University Hospital of Cona, Ferrara, and at 

Città della Salute, Ferrara. During my time abroad, it was possible to add two HD centers in 

Cordoba, Spain: University Hospital Reina Sofia, Cordoba, and Perpetuo Socorro, Cordoba. 

All scheduled interventions and outcome measure assessments were performed in a 

purposely selected space inside each dialysis center. 
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Participants 

The study aimed to recruit ESKD patients undergoing PD or HD treatment. 

 

• Inclusion criteria: male and female patients aged ≥18 years; able to walk for at least 

6 m; performing dialysis for at least 3 months in stable conditions; Mini-Mental 

Status Examination score ≥18/30 sufficient or patients to give informed consent. 

• Exclusion criteria: uncorrected anemia (hemoglobin concentration <9 g/dL); acute 

infectious disease (C-reactive protein >10 mg/L), severe cardio-respiratory 

conditions (e.g., unstable angina; severe heart failure identified by New York Heart 

Association class III-IV), musculoskeletal or neurological conditions (e.g., major 

lower extremity amputation) that inhibit exercise. As this is an implementation 

feasibility trial, e exclusion criteria were kept to a minimum. 

 

During the first meeting with potential participants, study staff verified the patients' interest 

in participating in the study; in case of a positive response, a screening visit was performed 

to verify compliance with the inclusion criteria. Patients who met the eligibility criteria 

received a letter explaining the study and the consent form and were encouraged to ask any 

questions. Within seven days, patients were asked to return a signed copy of the consent 

form; if patients had not yet decided, they were given adequate time to reflect on their 

participation. Following SPIRIT statements [1], the total number of screened subjects found 

to be ineligible (and reasons for ineligibility) or unwilling to participate in the study (along 

with reasons and key clinical characteristics, if provided) was monitored. Pre-participation 

screening with exercise testing was not included because of the low intensity of the proposed 

exercise program, as it was designed for special populations [2]. For those who volunteered 

to participate, sessions to measure outcomes at baseline were scheduled within two weeks 

of joining. During this time, patients were provided with a wrist-worn fitness tracker to wear 

for 6 days, including at night and during rest periods. The number of daily steps, hours of 

sleep or rest, and heart rate were recorded. 
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Procedures 

 

Phase 1 

At this stage, the EF was embedded in the HD center. This was an experienced physical 

therapist and/or a qualified exercise specialist available in the HD centers for several hours 

per day to counsel patients and answer questions about physical activity. The EFs had been 

adequately trained by members of the Rehabilitation Medicine Unit of Ferrara University 

Hospital on the management of frail patients, having experience with severely disabled 

patients with various conditions before the study began. 

 

Stakeholder Involvement: The EF, in collaboration with team members, prepared 

information materials for the project. Team members then held meetings with unit staff and 

patient group coordinators to introduce the EF, explain the goals of the project, and answer 

concerns and questions. 

 

After assessing outcomes at baseline, the EF proposed one of the four interventions to 

patients with the help of a specifically designed brochure. Qualitative outcomes were 

employed in the first phase (Table 1). The rate of patients providing consent compared to 

the number of eligible patients, as well as the rate of patients choosing each of the proposed 

training options, were calculated to determine patients' willingness to practice and their 

preferences for training. The impact of patient characteristics and other variables on program 

choice was also analyzed. 
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Table 1. Outcome measures flow diagram 

 

U-PA-I: unstructured physical activity increase; S-HB-LI: structured home-based low-intensity; S-

SU-LI: structured supervised low-intensity; PPA: physical performance assessment; 6MWT: 6-

minute walk test. 

 

 

Phase 2 

The EF asked each enrolled patient to choose an intervention and then enter one of the 

following arms. 

 

Unstructured physical activity (U-PA) 

Based on the previously measured baseline physical activity level, the EF advised patients 

to start or increase their spontaneous activity, giving them guidance on total exercise time, 

mode, intensity, and frequency, as suggested by the guidelines [3-4]. A logbook and 
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wearable physical activity monitor were provided to each patient to encourage adherence 

and objectively measure exercise activities. The instruments were returned at follow-ups. 

 

Structured home-based low-intensity exercise (S-HB-LI) 

Based on each patient's basal physical activity level, a semipersonalized walking program 

was provided. This program, derived from previous experience with ESKD patients [5], has 

also been successfully tested in other frail populations, such as stroke or multiple sclerosis 

survivors [6-7]. The exercise program was performed at home at a prescribed speed and 

involved a 10-minute daily session of intermittent walking (1 or 2 minutes of work and 1 

minute of seated rest). The speed, which is converted to walking cadence, is increased 

weekly and is monitored at home with the help of a metronome (Table 2). Patients received 

a daily diary containing detailed exercise prescriptions and free lines to provide feedback on 

exercise performance and any related symptoms. 

 

Structured supervised low-intensity exercise (S-SU-LI) 

Patients met the EF in a specific location (room or corridor) within the HD unit for the 

exercise program, in groups of up to four subjects. Exercise sessions were scheduled at a 

frequency of 2 to 3 times per week and were performed immediately before or after HD 

treatment or according to patient preference, considering the post-dialytic fatigue that affects 

this population [8]. 

Each session included low-intensity walking exercises (similar to S-HB-LI) and resistance 

exercises with elastic bands and ankle and wrist weights. Each session started and ended 

with a warm-up and cool-down period with stretching. The total duration of the session was 

about 30 minutes. Training intensity was set according to the patient's baseline capacity and 

was increased weekly (Table 2). The rate of perceived exertion was always detected. 

 

Physical performance assessment only (PPA) 

Patients who chose this option did not participate in any exercise program, only the outcome 

measures session. It was always possible to switch to another treatment, proposed 

periodically by the EF. 
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Table 2. The different interventions proposed to the patients by the exercise facilitator 

 

* Walking program as S-HB-LI group; Abbreviations: 6MWD: 6-min walking distance; reps: 

repetitions; min: minute. 

 

 

Discontinuing the intervention 

Patients who chose one of the three training options were interviewed weekly by the EF to 

monitor their adherence to the program. In addition, when possible, daily records were 

reviewed. In general, all intercurrent pathologies inherent to patients in training were noted. 

Since this was a nonrandomized study in which patients chose the option they preferred, it 

was always possible to switch between training modes. However, team members tried to 

motivate patients to complete their chosen 3-month program. 

 

Harms 

Well-established and safe exercise programs [4-7], in combination with strict management 

of potential harms according to local hospital policy, were used in the study to minimize all 

potential risks. In case of any unfavorable effects of the training or a concomitant or 

intercurrent illness, team members thoroughly evaluated patients to determine their 

suitability to continue the program. Any potential harm was treated according to the local 

university hospital's policy, including insurance coverage. 

 

Concomitant care and recommendations 

During the training period, patients maintained their usual lifestyle. Concomitant treatments 

(e.g., physical therapy sessions) were allowed, but the appropriate analysis was performed 

when analyzing outcomes. Finally, patients were asked to wear the same shoes and orthotics 

during all test and training sessions. At the end of the 3-month training period, patients were 
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suggested to maintain a sufficient level of physical activity. To determine the amount of 

exercise performed during the follow-up period, patients were asked to complete a daily log 

or wear a fitness tracker. 

 

Phase 2 outcomes 

First, the feasibility and safety of the exercise program were assessed in terms of adverse 

events, falls, and intercurrent problems. In addition, each patient's adherence to the selected 

exercise option was determined by analyzing the number of sessions completed, the total 

minutes of exercise, and the percentage of patients who achieved the amount of physical 

activity specified by the guidelines. Qualitative outcomes were collected before the start of 

the training program, at the end (three months), and at a six-month follow-up. 

The primary outcome was exercise capacity, measured by the 6-minute walking test 

(6MWT). Subjects were instructed to walk with their usual walking device as far as possible 

in 6 minutes. The tests were performed in a 22-meter corridor. Patients had the opportunity 

to slow down and rest if 

Necessary. Total distance walked, pain-free walking distance, and perceived exertion at the 

end of the test (Borg scale 1-10) were recorded [9]. 

 

The secondary outcomes included are as follows: 

• Gait speed was assessed through the 10-m walking test. 

• Lower limb strength was evaluated with the 5-time sit-to-stand test. 

• Health-related QoL was measured by the Italian version of the Short Form Health 

Survey (SF-36). 

• Fear of falling was assessed through the Short Falls Efficacy Scale. 

• The estimated functional capacity was measured by the Duke Activity Status Index. 

• Depression was evaluated by the Beck Depression Inventory-II and the 

Demoralization Scale. 

• Heart rate, oxygen saturation, and blood pressure 

• Laboratory outcomes: Serum creatinine levels, estimated glomerular filtration rate, 

Kt/v, glycemia, total cholesterol, and a full blood count will also be determined. 

• Long-term outcomes: Other clinical outcomes, such as mortality and all-cause 

hospitalization, will be recorded at 3, 6, 12, and 24 months from the end of the 

exercise program. 
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Blinding 

The outcome assessors were blinded to the group assignment and no unblinding was allowed 

for these researchers. Participants who had to discontinue their chosen program before the 

scheduled 3 months for any reason were required to conduct the outcome measurement 

session if possible. 

 

Sample size 

To the best of our knowledge, this is the first study of its kind to explore patients' program 

preferences and compare the outcomes of these programs. Therefore, it was impossible to 

calculate power by assuming a better effect of one program over another; moreover, the 

investigators did not assign interventions and did not know a priori how many patients would 

select each training option. 

Otherwise, we had set out to recruit a sufficient number of participants to meet the objectives 

of implementing the study. The Nephrology Unit of the University Hospital of Ferrara 

manages about 140 dialysis patients. The entry of new patients into the dialysis service was 

checked every 3 months. An attempt was made to offer the programs to all eligible patients 

assuming a 50% acceptance rate, which could be progressively increased by word of mouth 

among patients. 

According to a power calculation based on a theoretical response rate of 50% and 

considering a margin of error of 5% and a confidence level of 90%, a total of 88 patients 

were estimated to be needed for data collection to make the first qualitative phase of the 

study representative of the population. 

To optimize recruitment, all members of the hospital's Nephrology Unit were informed about 

the study during team meetings. Information about the study procedures was also provided 

to the CKD and ESKD support groups, who could share information about the study through 

their newsletters and websites. 

Finally, the EF was available daily in the HD room to encourage patient participation. 

Informational material literature was also made available in the departments of the 

Nephrology Unit. 

 

Data protection 

All outcome data were recorded on different spreadsheets by two researchers, and the 

accuracy of the data was checked by the research coordinators. Participants' data were stored 

in a password-protected personal computer kept in a suitably selected closed room. The 
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privacy of participants and their medical records is guaranteed by processing data according 

to the latest European Union General Data Protection Regulation (2016/679). 

 

Statistical analysis 

In the first qualitative phase, descriptive statistics, chi-square tests, and mixed analysis 

models were used. Regression analyses were conducted to determine whether different 

variables (e.g., distance from the HD center and presence of a caregiver) could interfere with 

patients' decisions. In addition, the level of physical activity and physiological and 

psychological variables assessed at baseline were considered independent variables in the 

regression models. 

In the second phase, standard analysis methods for clinical trials were used. First, the 

characteristics of each group were compared with demographic data and primary and 

secondary outcome measures. The distribution of the data was also checked through the 

Shapiro-Wilk test. A two-way repeated-measures analysis of variance was used to compare 

differences in primary and secondary outcomes. Within-group comparisons were performed 

by Student's t-test or Wilcoxon test, as appropriate. If a significantly different distribution 

was identified among the group's baseline characteristics, a secondary analysis was 

performed employing multivariate modeling to adjust for these factors (e.g., linear mixed 

models for repeated measures analysis). In addition, Kaplan-Meier analysis and Cox 

regression were used to model incidence rates for long-term clinical outcomes (rate of 

hospitalization and death). Finally, a post hoc power analysis was performed to determine 

the clinical impact of the results. 

All analyses were conducted using the intention-to-treat method. Missing values, while 

making every effort to reduce their incidence, were treated with the multiple imputation 

procedure. In addition, a per-protocol analysis was performed to assess the stability of the 

study conclusions. Appropriately gender-oriented analyses were performed for most of the 

results. A p value of 0.05 was considered statistically significant. 

Statistical analyses were performed with SPSS 21.0 (IBM, Armonk, NY, USA) and 

MedCalc statistical software (version 19.4.0 and later, MedCalc Software bvba, Ostend, 

Belgium). 

 

Ethics 

The trial was approved by the Area-Vasta Emilia-Romagna Centro Ethics Committee with 

approval number 48/2019. Written informed consent was obtained from all participants. 
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Patient and Public Involvement 

This starting hypothesis of the study was developed without patient involvement but was 

based on previous suggestions and experiences. After the first drafting of the trial, the 

representatives of patients’ groups were invited to several meetings with the researchers. In 

these consultations, the trial design was exposed to patients, who gave their opinions and 

finally expressed appreciation for the study. The final registered version of the trial reflects 

the collaboration between the researchers and the patients’ associations. 

 

Study limitations 

This study has several limitations in that it is a nonrandomized study. In addition, there is no 

typical treatment training option during dialysis, despite evidence from the literature. 

However, the goal was to test training solutions that require minimal space and equipment 

that are implementable in most HD centers around the world and that do not overly engage 

the staff and routine of an HD center. In addition, the study design is likely to introduce a 

selection bias in the enrolled population, as fitter patients might opt for walking or mixed 

exercise programs, while less fit patients might choose the unstructured increase in physical 

activity. To overcome the lack of randomization, appropriate analysis methods were used. 

These factors may limit the generalizability of the findings and the possibly small sample 

size that will occur in case of limited participation of patients. 
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10. PHASE 1 

 

 

10.1  Contact with patients 

 

During Phase 1, the EF was embedded within the HD centre, where it made contact with 

nephrologists and nurses. Despite the daily presence of EF in the HD centre, it was 

impossible to contact all patients for logistical reasons. 

Due to the cooperation of the staff, the EF was able to access information about the various 

patients, with special reference to their medical history. The cooperation of doctors and 

nurses was crucial at this stage to accelerate the screening of patients. In particular, the 

information transfer allowed the EF to exclude patients who did not fit the inclusion criteria. 

Afterward, the EF contacted patients individually during an HD session. It was decided to 

take advantage of the duration of therapy so as not to require any more time from the patient 

beyond that needed for HD. The same procedure was used for PD patients, who were 

scheduled for a nephrologist visit on the day at which the EF contacted the patients. 

During the interview, the EF asked each patient what his/her physical activity habits were, 

what functional capacity he/she felt or had, and whether he/she felt satisfied or would prefer 

to improve his/her autonomy. At this stage, the EF tried not to influence the patients' 

responses and was available for dialog to understand the individual patient's condition, 

reassuring them, and giving them information regarding the effectiveness of exercise for the 

HD patient. 

After the initial approach, the EF offered the patient to join the project, explained the 

potential benefits, and briefly presented the structure of the four planned training programs. 

The patient was then given a brochure containing information about the project and a sheet 

to fill out the preferred exercise option. The EF approximately two weeks after the interview 

(or sooner in case of patient request) returned to collect the response. In the case of 

adherence, the first evaluation was scheduled. For PD patients, the second interview was 

conducted by telephone. 

 

 

 

 

 

 



118 

 

10.2  Patients enrolment 

 

There were 388 patients on HD treatment at the centres where the study was conducted. Of 

these, 126 (32.4%) could not be contacted. Figure 1 shows the patient recruitment process. 

 

 

Figure 1. Flow chart of patients enrollment 

 

 

10.3 Patients excluded 

 

Of the 262 patients contacted, 76 (29%) did not fit the inclusion criteria. The reasons were 

inability to ambulate (n=40, 53%), inability to communicate with the EF in English, Italian, 

or Spanish (n=18, 24%), cachexia (n=13, 17%), lower limb amputations (n=4, 5%), or 

inability to provide consent (n=1, 1%). The mean age of the excluded patients was 73.3 years 

(SD 15.42) and the subjects were 40 males and 36 females, and these patients were on 
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average older than the men were (76.2 years vs. 70.6). The mean dialysis age was 4.2 years 

(SD 3.74). 

 

 

Figure 2. Patients who didn’t meet the inclusion criteria 

 

 

 

 

 

 

 

 

Table 1. Characteristics of patients who didn’t meet the inclusion criteria 

Total patients N = 76  

 Total males N = 40 (53%) 

 Total females N = 36 (47%) 

   

Mean age (SD) 73.3 years (15.42)  

 Mean age males 70.6 years 

 Mean age females 76.2 years 

   

 Patients in the age range 30-39 4 (5%) 

 Patients in the age range 40-49 3 (4%) 

 Patients in the age range 50-59 8 (11%) 

 Patients in the age range 60-69 10 (13%) 

 Patients in the age range 70-79 20 (26%) 

 Patients in the age range 80-89 24 (32%) 

 Patients in the age range 90+ 8 (11%) 

   

Years of dialysis (SD) 4.2 years (3.74)  

 

 

 

10.4 Refusals to participate 

 

Of the 186 patients who met the inclusion criteria, 45 (24%) declined to participate in the 

program. The reasons reported were low interest in physical activity (n=30, 67%), 

satisfaction with one’s current level of autonomy (n=10, 22%), lack of time (n=3, 7%), 

difficulty following the program (n=1, 2%), and being involved in a rehabilitation program 

(n=1, 2%). 
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There were more male (n=33) than female (n=12) participants, and the mean age was 70.7 

years (SD 14.91), with no significant gender differences. The mean dialysis age was 4.4 

years (SD 3.28). 

Distance to the HD centre was also calculated to assess when this affected the decision to 

participate in the program; patients who did not adhere distanced an average of 19 kilometres 

(SD=14.95) from the place of care 

 

 

Figure 3. Patients who declined to participate in the study 

 

 

 

Table 2. Characteristics of patients who declined to participate in the study 

Total patients N = 45  

 Total males N = 33 (73%) 

 Total females N = 12 (27%) 

   

Mean age (SD) 70.7 year (14.91)  

 Mean age males 70.6 years 

 Mean age females 71 years 

   

 Patients in the age range 30-39 1 (2%) 

 Patients in the age range 40-49 5 (11%) 

 Patients in the age range 50-59 5 (11%) 

 Patients in the age range 60-69 7 (16%) 

 Patients in the age range 70-79 11 (24%) 

 Patients in the age range 80-89 12 (27%) 

 Patients in the age range 90+ 4 (9%) 

   

Years of dialysis (SD) 4.4 years (3.28)  

   

Distance from dialysis center (SD) 19 km (14.95)  
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10.5 Participants 

 

The remaining 141 people agreed to participate in one of the proposed exercise options. This 

is a satisfactory result because it far exceeds the number of patients identified as 

representative. Considering the patients contacted, the adherence rate was 53.8%. If we 

restrict the sample to individuals who meet the inclusion criteria, this percentage increases 

to 75.8%. This means that three out of four people the EF contacted followed his 

recommendations. Additionally, in this group, male subjects (n=99) outnumbered female 

subjects (n=41), and they were also older on average (68.3 vs 65 years). 

The mean age of the sample was 67.3 years (SD 12.93), so the people who participated were 

younger on average than those who refused, while the mean dialytic age of participants (4.7 

years, SD=2.97) was greater (4.4, SD=3.28). 

The distance to the HD centre, which was 18.9 kilometres (SD=14.93), was also calculated 

for the participants. 

 

 

Figure 4. Programs chosen by patients 

 

 

 

Table 3. Characteristics of patients who agreed to participate in the study 

Total patients N = 141  

 Total males N = 99 (70%) 

 Total females N = 42 (30%) 

   

Mean age (SD) 67.3 year (12.93)  

 Mean age males 68.3 years 

 Mean age females 65 years 

   

 Patients in the age range 30-39 1 (1%) 

 Patients in the age range 40-49 14 (10%) 

 Patients in the age range 50-59 24 (17%) 

 Patients in the age range 60-69 37 (26%) 

 Patients in the age range 70-79 34 (24%) 
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 Patients in the age range 80-89 30 (21%) 

 Patients in the age range 90+ 1 (1%) 

   

Years of dialysis (SD) 4.7 years (2.97)  

   

Distance from dialysis center (SD) 18.9 km (14.93)  

 

 

The analysis of the differences between the three groups showed that the subjects who joined 

the study were younger, on average, than the denials and noneligible individuals. However, 

this population is still elderly (67,3 years). 

An interesting finding, however, is given by HD age, where the reverse trend can be seen 

(although in this case, the difference between the groups is less pronounced); indeed, it is 

the group of participants who are receiving HD treatment for the longest time. This is an 

important finding because it means that EF intervention can help even long-term HD 

individuals abandon sedentary behaviour without excluding them from improving their 

condition. 

No difference was found for distance from the HD centre, so it can be assumed that distance 

from the HD centre was not relevant to the decision to join, as confirmed by the fact that no 

patient refused this reason. 

 

 

Table 4. Comparison between ineligible patients, refusals, and participants 

 
N° of 

patients 

Mean age 

(SD) 

Years of 

dialysis (SD) 

Distance from dialysis 

center (SD) 

     

Noneligible 76 73.3 (15.42) 4.2 (3.74) 17.9 (11.61) 

Refusals 45 70.7 (14.91) 4.4 (3.28) 19 (14.95) 

     

Noneligible + Refusals 121 72.3 (15.22) 4.2 (3.57) 19.5 (13.45) 

     

Participants 141 67.3 (12.93) 4.7 (2.97) 18.9 (14.93) 

 

 

Since the main purpose of EF inclusion was to increase patients' participation in exercise 

programs, those who joined the project were asked about their main motivation. Most 

respondents (n=52%) answered that the presence of the EF allowed them to exercise, as they 

would have liked to do previously, but that they were unable to do so because of the barriers 

already described. The 15% said that they were already active, but the EF provided them 

with exercises they would not have done on their own. Others (n=12%) had difficulty finding 
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time to train, and the EF met their needs by providing programs they could carry out in the 

time available. More others (n=10%) described themselves as active and satisfied with their 

habits; however, they were happy to undergo assessments so that they could know and 

monitor their fitness level. A smaller percentage (n=6%) responded that although they do 

not like to exercise, the EF provided them with a non-invasive program that they could 

sustain effectively, and finally, that they appreciated despite limitations to exercise (n=5%). 

The prescribed program was suitable for their abilities. 

The data collected during the interviews are compiled in Figure 5. 

 

 

Figure 5. Reasons for subjects to join the program. 

 

 

 

10.6 Baseline analysis 

 

The sample of patients who participated in the study had a gender disparity; 70% were male 

(n=99), and 30% were female (n=42). The mean age of the sample was 67.3 years 

(SD=12.93), with men (68.3 years, SD=12.9) being more prevalent than women (65 years, 

SD=13.27), while the HD age of the whole sample was 4.7 years (SD=2.97). 

Information was also collected on the means of public or private transportation used by 

patients to reach the healing centre to assess whether this aspect influenced the choice of the 

training program. Unfortunately, for 38% (n=54) of the subjects, these data could not be 

obtained. A majority of the 87 participants were moving independently (39%, n=55) 

compared to those using public services (23%, n=32). 
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Risk factor data and several laboratory parameters were also collected. The characteristics 

of the 141 participants are summarized in Table 5. 

 

 

Table 5. Characteristics of participants 

N° of patients N = 141  

 N° males (%) N = 99 (70%) 

 N° females (%) N = 42 (30%) 

   

Mean age (SD) 67.3 years (12.93)  

 Mean age males (SD) 68.3 (12.9) 

 Mean age females (SD) 65 (13.27) 

   

Years of dialysis (SD) 4.7 (2.97)  

   

Transportation to dialysis center (%) Public = 32 (23%)  

 Private = 55 (39%)  

 Unknown = 54 (38%)  

   

Country of living (%) Italy = 93 (66%)  

 Spain = 48 (34%)  

   

Risk factors (%)   

 Smoking 44.1% 

 Hypertension 88.2% 

 Dyslipidemia 17.2% 

 Diabetes 28% 

 Myocardial infarction 29% 

 Congestive heart failure 36.6% 

 Peripheral vascular disease 34.4% 

 Stroke 7.5% 

 Dementia 1.1% 

 Chronic obstructive pulmonary disease 20.4% 

 Connective tissue disease 5.4% 

 Peptic ulcer disease 12.9% 

 Liver disease 10.8% 

 Hemiplegia 0% 

 Chronic kidney disease 100% 

 Solid tumor 32.3% 

 Leukemia 2.2% 

 Lymphoma 5.4% 

 HIV 0% 

   

Charlson Comorbidity Index (SD) 7.4 (2.76)  

   

Blood parameters (SD)   

 Cholesterol 165.5 (55.03) 

 Triglycerides 156.2 (93.28) 

 High-density lipoprotein 49.6 (18.89) 

 Hemoglobin 11.1 (1.48) 

 Red blood cells 3.7 (0.68) 

 Calcium 9 (0.66) 

 Phosphorus 5.9 (1.67) 
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 Blood glucose 115.9 (51.91) 

 Urea 153.1 (40.63) 

 Creatinine 8.44 (2.97) 

 Glomerular Filtration Rate 6.7 (3.07) 

 C-reactive protein 1.7 (2.06) 

 

 

Participants in different types of programs were analysed. The most common training 

programs were supervised (n=57, 40%) and home-based (n=61, 43%) options; 19 (13%) 

patients chose to perform periodic assessments, and only four people (4%) asked for advice 

for unstructured activity. 

Analysis of the characteristics of each group revealed that subjects in the supervised program 

were the oldest (72.6 years, SD=10.6) and most comorbid (Charlson Comorbidity Index, 

CCI, score=8.2, SD=2.66). Compared with these, subjects in the HB group were younger 

(64.5 years, SD=13.56) and less frail (CCI=6.9, SD=2.69), but they lived more distant from 

the HD centre (21.06 kilometres, SD=15.16, compared with 17.3 kilometres, SD=14, of the 

supervised group). In turn, those who opted for assessments only were younger (61.1 years, 

SD=12.11) and had fewer comorbidities (CCI=5, SD=1.5). The same trend was observed in 

the distance analysis from the HD centre. The subjects in the supervised group lived closer 

(17.3 km, SD=14) than did those in the home-based group (21.1 km, SD=15.16) and the 

evaluation group (23 km, SD=15.03). 

In the analysis of laboratory parameters, no significant differences were found between the 

groups, except for creatinine. In this case, the values recorded in the Measure group were 

greater than those in the other groups. 

Patient characteristics according to program choice are described in Table 6. 

 

 

Table 6. Characteristics of patients according to the program chosen 

 Supervised Home based Measure Advice ANOVA p 

      

N° of patients N = 57 N = 61 N = 19 N = 4  

N° of males (%) N = 38 (67%) N = 45 (74%) N = 16 (84%) N = 2 (50%) 
0.66 

N° of females (%) N = 19 (33%) N = 16 (26%) N = 3 (16%) N = 2 (50%) 

      

Mean age (SD) 72.6 (10.6) 64.5 (13.56) 61.1 (12.11) 56.3 (9.54)  

      

Years of dialysis (HD) 5.6 (3.05) 4 (2.42) 3 (2.78) 2.3 (2.3)  

      

Distance from dialysis center (SD) 17.3 (14) 21.1 (15.16) 23 (15.03) 14.8 (11.84)  

Public (%) N = 21 (37%) N = 10 (16%) N = 1 (5%) N = 0 
0.186 

Private (%) N = 27 (47%) N = 17 (28%)  N = 8 (42%) N = 3 (75%) 
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Unknown (%) N = 9 (16%) N = 34 (56%) N = 10 (53%) N = 1 (21%) 

      

Charlson Comorbidity Index (SD) 8.2 (2.66) c 6.9 (2.69) 5 (1.5) a 4.3 (1.53) 0.002 

      

Blood parameters (SD)      

Cholesterol 172.3 (61.99) 155.4 (41.56) 186.7 (79.47) 145 0.436 

Triglycerides 151.6 (63.05) 157.6 (79.12) 183 (152.29) 65 0.889 

High-density lipoprotein 45.4 (12.38) 41.6 (8.82) 64.5 (30.4) 51 0.935 

Hemoglobin 11.25 (1.56) 10.94 (1.43) 11.83 (1.15) 9.6 (0.91) 0.657 

Red blood cells 3.66 (0.63) 3.76 (0.82) 3.87 (0.43) 3 (0.05) 0.696 

Calcium 9.1 (0.65) 8.9 (0.74) 9 (0.49) 9.4 (0.38) 0.476 

Phosphorus 5.7 (1.5) 6.2 (1.84) 6 (1.94) 5.2 (1) 0.564 

Blood glucose 126.6 (64.79) 108.7 (36.68) 112 (47.67) 87.7 (3.79) 0.322 

Urea 149.2 (38.52) 151 (39.54) 177.3 (50.2) 145.3 (43.36) 0.210 

Creatinine 7.7 (2.36) c 8.19 (2.76) c 11.02 (3.42) a b 6.3 (1.43) 0.008 

Glomerular Filtration Rate 7.7 (3.67) 6.8 (2.75) 4.7 (2.42) 8.5 (0.71) 0.193 

C-reactive protein 2.2 (2.74) 1.38 (1.72) 1.81 (2.1) 0.55 0.809 
a different from Supervised; b different from Home based; c different from Measure 

 

 

Figure 6. Differences in the Charlson Comorbidity Index score between groups 
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Figure 7. Differences in the serum creatinine level between the groups 

 

 

 

The different functional abilities of the patients at baseline were analysed to determine 

whether these abilities influenced their choices. The three tests administered measured speed 

(10MWT), walking autonomy (6MWT), and lower limb strength (5TSTS). The results 

obtained were as expected given the differences in mean age and comorbidities between the 

groups. 

Regarding the three most chosen options, the lowest ability group was supervised, which 

recorded the slowest walking speed (2.84 km/h), the shortest walking distance 

(6MWD=243.5 m) with the need to stop after 107.1 m, the shortest range at the occurrence 

of symptoms (PFWD=183 m) with the highest perceived exertion (5.6 on the Borg scale), 

and the lowest lower limb strength (18.4 s to complete the 5TSTS). The home-based exercise 

group was somewhat faster (2.92 km/h) and had greater walking ability (6MWD=311.9 m, 

PFWD=266.5 m, and first stop after 124.2 m), less effort (Borg=4.2), and greater leg strength 

(5TSTS=15.2 s). Compared with those in the other two groups, the speed (4.15 km/h), 

walking range (6MWD=377.6 m), and strength (5TSTS=12 s) of the subjects who only 

underwent the measurements were more even. 

The results of the assessments at baseline for the different groups are presented in Table 7. 
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Table 7. Functional test outcomes at baseline according to the program chosen 

 Supervised Home based Measure Advice ANOVA p 

      

10MWT (SD) 7.6 (4.24) 7.4 (8.05) 4.2 (1.59) 10.5 (8.29) 0.138 

      

6MWD (SD) 243.5 (112.46) b c 311.9 (124.88) a 377.6 (105.97) a 235 (122.36) < 0.001 

PFWD (SD) 183 (126.85) b c 266.5 (163.64) a c 407.1 (94.41) a b 138.8 (114.34) < 0.001 

1° stop distance (SD) 107.1 (60.8) 124.2 (85.24) NA 170.7 (164.61) 0.548 

N° of stops 0.8 (0.98) c 0.4 (0.93) 0 a 0.8 (0.5) 0.004 

Borg scale 5.6 (2.43) b c 4.2 (2.01) a c 2.4 (1.5) a b 4 (1.83) < 0.001 

      

5TSTS (SD) 18.4 (12.82) c 15.2 (6.78) 12 (2.86) a 16.42 0.036 
a different from Supervised; b different from Home based; c different from Measure 

10MWT: 10-meter walk test; 6MWD: 6-minute walking distance; PFWD: pain-free walking 

distance; 5TSTS: 5-time sit-to-stand test 

 

 

Figure 8. Differences in the 6MWD between groups 
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Figure 9. Differences in PFWD between groups 

 

 

 

 

Further analysis was performed based on the results of the questionnaires administered. Data 

extrapolated from the validated questionnaires administered (SF-36, Duke Activity Status 

Index, Falls Efficacy Scale, and Beck Depression Inventory) further confirmed the findings 

of the functional assessments. Once again, the group with the lowest values at baseline was 

the patients who chose the supervised and measurement program. Specifically, significantly 

reduced levels of physical functioning and limitations due to emotional problems were 

recorded. In particular, the domains most closely related to physical well-being (e.g., 

Physical Functioning and Bodily Pain of the SF-36, DASI, and FES) had values that were 

very close to those of the healthy population. The same trend, where the supervised group 

again had lower scores than the others, was found for fear of falling and activity level. On 

the other hand, the analysis of the BDI did not reveal significant differences between the 

groups. 

The results of the questionnaires at baseline for the different groups are presented in Table 

8. 

 

 

 

 

 

 



130 

 

Table 8. Results of questionnaires at baseline according to the program chosen 

 Supervised Home based Measure Advice ANOVA p 

      

SF-36      

PF (SD) 59.4 (27.43) b c 73.6 (21.13) a 84.2 (13.52) a 50 (41.43) < 0.001 

RP (SD) 53.9 (36.53) 63.7 (34.17) 55.8 (50.16) 37.5 (43.3) 0.305 

RE (SD) 63.4 (35.44) c 84.3 (29.67) 69.2 (41.87) a 50 (57.74) 0.003 

VT (SD) 57 (19.21) 56.8 (19.54) 68.1 (19.74) 35 (33.17) 0.155 

EWB (SD) 68.8 (20.1) 72 (17.8) 78.8 (22.23) 60 (23.78) 0.162 

SF (SD) 64.8 (28.02) 74.7 (26.35) 75 (30.19) 46.9 (48.28) 0.090 

BP (SD) 67.7 (31.45) 73.7 (24.39) 82.5 (24.77) 61.9 (33.75) 0.146 

GH (SD) 42.6 (21.53) 45.7 (18.4) 50.8 (26.91) 26.3 (9.46) 0.376 

HC (SD) 54.1 (27.96) 55.1 (21.95) 71.2 (36.58) 37.5 (43.3) 0.121 

      

FES (SD) 10.9 (4.95) c 9.3 (3.35) 7.5 (0.78) a 10.8 (3.77) 0.013 

      

DASI (SD) 23.5 (13.87) b c 33 (16.16) a 44.3 (20.78) a 17.7 (13.99) < 0.001 

      

BDI (SD) 10.9 (2.29) 9.9 (5.29) 8.5 (5.32) 13.7 (3.06) 0.253 
a different from Supervised; b different from Home based; c different from Measure 

PCS: Physical component score; MCS: Mental component score; PF: Physical functioning; RP: Role 

function – physical; RE: Role function – emotional; VT: Energy; EWB: Emotional well-being; SF: 

Social functioning; BP: Pain; GH: General health; HC: Health change; FES: Falls efficacy scale; 

DASI: Duke activity status index; BDI: Beck Depression Inventory 

 

 

Figure 10. Differences in Physical Functioning on the SF-36 Questionnaire between groups 
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Figure 11. Differences in Emotional Limitation on the SF-36 Questionnaire between groups 

 

 

 

Figure 12. Falls Efficacy Scale Score differences between groups 
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Figure 13. Differences in the Duke Activity Status Index between groups 

 

 

 

10.7 Discussion 

 

The study was effective in terms of patient recruitment. Respect to the 188 subjects who 

were expected to adhere, there were 141 participants. This finding places the trial among the 

highest-participation trials among exercise-based studies in HD populations. The only 

studies that involved more people were the previously mentioned Excite (n=296) [1], 

PEDAL (n=379) [2], and DiaTT (n=1211) [3] studies. 

Unfortunately, the modality of approach was not comprehensive enough for the EF to 

propose the program to all patients being treated at the various HD centres. This resulted in 

a significant number of people (n=126, 32% of the total) being unable to choose whether to 

participate. Given that more than 50% of the patients contacted agreed to adhere, it can be 

assumed that approximately 50 potential participants were lost. 

For patients who did not fit the inclusion criteria (n=76), the first cause of exclusion was the 

inability to ambulate (n=40, 53%). The cause may be that the two structured exercise 

modalities, as well as the chosen assessment tests, involved walking. In the future, to design 

even more inclusive programs, it might be effective to also include the option of exercising 

differently, possibly proposing an intradialytic training option, despite the problems this 

mode implies. 

A total of 45 people declined the opportunity to participate in the program, and 24% of the 

total number of patients contacted met the inclusion criteria. The most reported reason 

(n=67%) was low interest in exercise. This is a relevant factor because the benefits of 
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exercise are well understood by the treatment staff, and the fact that a significant number of 

patients are unaware of this is a factor that needs to be addressed. It would certainly be 

necessary for individuals in HD to be repeatedly encouraged to embrace an active lifestyle, 

but it would be even more effective for this approach to physical activity to be made in the 

earlier stages of the disease before the start of replacement treatment. Even in this context, 

the support of experienced exercise experts who can guide how to exercise is crucial for the 

well-being of patients, especially in preparation for the initiation of HD [4]. 

With the EF intervention, more than 50% of the total number of patients treated had adhered 

to an exercise program. Analysing the motivations that led patients to join, it appears that 

almost the entire sample of participants were aware of the benefits of physical activity and 

that they needed help to perform more of it. This finding follows what is reported in the 

literature [5]: patients know that physical activity is important to them, but they lack the 

knowledge or time, tools, etc., to exercise effectively. The EF's activity can be affirmed to 

have been effective, as it went to address a known necessity in appropriate ways. The EF's 

specific expertise was crucial because it allowed him to tailor the program to the needs of 

the specific individual patient, meeting the needs of sedentary people who needed total 

guidance, as well as already active individuals who were able to improve their habits thanks 

to his advice. 

Analysis of participant characteristics according to the type of program chosen showed a 

rather clear trend. Older, comorbid, and lower-performing patients preferred the supervised 

exercise mode; younger and fit patients chose to take measurements only, without requesting 

further guidance; and "intermediate" subjects, in terms of age, comorbidities, and functional 

capacity, opted for home-based structured exercise. In summary, a worse condition was 

associated with the demand for supervision during exercise, while improving fitness 

corresponded with a decreasing willingness to be "constrained" in structured programs. Once 

again, to incentivize adherence, it was crucial for the patient to choose the program according 

to his or her preferences. 

The same correlation between functional capacity and the chosen program was recognized 

in the analysis of the QoL questionnaires. The chosen tools assessed different aspects 

(quality of life, fear of falling, activity level, and depression), but again, the results of the 

various tests followed the same trend. Lower levels of mental health, as was the case for 

physical health, were associated with a preference to perform physical activity under the 

supervision of the EF, medium levels with the request for the structured program to be 

performed at home, and the highest levels with the willingness to perform only the 

assessments. 
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These data extrapolated from the assessments made at baseline are significant. Since this is 

the first trial in which HD patients themselves choose which type of exercise intervention to 

undergo, assisting such a clear and consistent stratification in all aspects analysed is certainly 

relevant. Differences between different patients are known in the present study, both in terms 

of age (range 38-95 years), walking ability (range 44-594 m), and all other factors examined. 

Given the possibility of choosing which treatment to undergo, such a clear spontaneous split 

highlights how crucial it is for patients to be allowed to take advantage of the EF's expertise. 

To propose effective exercise programs to improve the well-being of people in HD, there 

should therefore be the presence of this figure, who, by explaining to patients the pros and 

cons of each intervention and answering their questions, can help them overcome their 

doubts and embrace a more active lifestyle. 
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11. PHASE 2 

 

 

11.1 Planned assessments 

 

In addition to advising patients on their program choices, the EF was also responsible for 

arranging the scheduled evaluations. There were three planned assessments: one at baseline, 

one at the end three months into the exercise program, and one after another three months. 

In the case of patients in the Supervised program, the second evaluation was scheduled for 

the treatment day following the last day of training. For patients in the other three groups, as 

well as for the evaluation at six months, the EF contacted them during an HD session to 

schedule the testing date. Given the differences reported by patients on different days of the 

week, particularly between long and short skips from previous dialysis, the three 

measurements were taken on the same day of the week. A total of 292/423 (69%) scheduled 

evaluations were carried out.  

Of the 141 patients who were measured at baseline, 106 (75%) repeated the assessment after 

the three-month exercise, and 45 after six months (42% of those who completed the program, 

and 32% of the total). Patients who could not make the assessment promptly after three 

months (n=3) due to transient reasons (e.g. hospitalization) were still assessed at six months.  

Figure 1 shows the patients in each group who performed the planned assessments. 
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Figure 1. Patients in each group who completed each scheduled assessment 

 

 

 

11.2 Program interruption 

 

Of the 141 participants measured at baseline, 114 (80.1%) carried out at least two of the 

three planned evaluations, allowing the measurement of program effects. 

For the 27 (19.9%) patients who did not complete the program, the cause of discontinuation 

was noted. The leading causes were death (n=8, 29.6%) and loss to follow-up (n=8, 29.6%), 

followed by the decision to discontinue the program (n=5, 18.5%), hospitalization (n=3, 

11.1%), transplantation (n=2, 7.4%), and recovery of renal function (n=1, 3.8%). A dropout 

rate of 19.9% can be considered a positive figure when compared with large-number studies, 

in which it has always exceeded this value (Excite 23%, PEDAL 22%, DiaTT 25%). 

Most subjects who did not take the second assessment were from the Home based group 

(n=14). However, for nine patients the discontinuation was due to the EF's inability to 

schedule the other evaluations, while one subject received renal transplantation. Therefore, 

the withdrawal of these individuals from the program can be attributed more to logistical 

limitations than adverse events. The second group with the highest number of dropouts was 

the Supervised (n=11, 40.7%). In this case, only three patients were lost to other causes 

(logistics, renal function recovery, transplantation) while the others went to hospitalization 

(n=2) or death (n=8). This is an expected finding, as it was the group with lower functional 

capacity and worse QoL, which is known to be associated with unfavourable outcomes. The 
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other two people, belonging one to the assessments group and the other to the advice group, 

were both lost to organizational reasons. 

The reasons for program interruption are described in Figure 2. 

 

 

Figure 2. Patients who did not complete the program and the reasons why 

 

 

Analysis of the data gathered at baseline on this group does not reveal significant differences 

from the other patients. These patients had the same age and comorbidity level as the others 

and lived closer on average than the rest of the participants. In terms of functional capacity, 

they were on average between the subjects in the Supervised and Home Based groups, so 

they were not more fragile than the others. 

 

 

Table 1. Baseline characteristics of patients who discontinued the program 

Total patients N = 27  

 Total males N = 21 (78%) 

 Total females N = 6 (22%) 

   

Mean age (SD) 67.2 year (10.88)  

   

Distance from dialysis center (SD) 13.3 Km (12.74)  

   

Charlson Comorbidity Index (SD) 7.6 (2.12)  

   

10MWD (SD) 7.35 (6)  

6MWT (SD) 286.9 (146.29)  

5TSTS (SD) 14.27 (3.74)  

   

FES (SD) 10.3 (4.6)  

DASI (SD) 26.2 (18.5)  

10MWT: 10 meter walk test; 6MWD: 6-minute walking distance; PFWD: Pain-free walking distance; 

5TSTS: 5-time sit-to-stand test; PCS: Physical component score; MCS: Mental component score; PF: 
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Physical functioning; RP: Role function – physical; RE: Role function – emotional; VT: Energy; 

EWB: Emotional well-being; SF: Social functioning; BP: Pain; GH: General health; HC: Health 

change; FES: Falls efficacy scale; DASI: Duke activity status index 

 

 

11.3 Program completed: functional outcomes 

 

The assessment after the three months allowed the evaluation of the effects of the two 

structured exercise programs, and the possible changes in the Measure group, who 

maintained their habits, or in those who had asked for the unstructured advice. 

 

No falls or adverse events were recorder during the entire training sessions.  

The supervised group had an adherence rate of 95% of the scheduled sessions; the home-

based group completed the 85% of the prescribed sessions.  

 

Supervised group 

In the supervised group all outcomes exhibited a significant improvement (Table 2). Walking 

speed improved by more than 18% (+0.53km/h), walking range improved (6MWD: +30.3m 

and PFWD: +49.8m) with less perceived exertion (Borg scale: -1), and lower limb strength 

also increased (5TSTS: -1s). 

 

Home based group 

The Home based group improved speed in the 10MWT (+0.64Km/h) and all values in the 

6MWT, especially 6MWD (+20.1m), PFWD (+58.4m), and distance to first stop (+30.6m), 

while no changes were recorded in lower limb strength (Table 2).  

 

Measure group 

Regarding the Measure group, which can be considered a sort of control group, no changes 

in performance were recorded in the 10MWT and 5TSTS. The changes recorded in the 

6MWT were mainly attributable to the loss at T3 of the worst-performing subject at baseline 

(Table 2).  

The Advice group, the lower-numbered one, on the other hand, showed significant 

deterioration in all the parameters measured. 
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Between group comparison 

Considering the baseline imbalances between group, an analysis of covariance was 

conducted applying Age, Dialysis vintage, Charlson Index, baseline values of 6MWT, 10M, 

5STS and domains of SF-36 as covariates.  

A significant between group comparison was observed for the primary outcome for HB and 

Supervised versus Measure group (Bonferroni’s corrected p value < 0.001) and for the 10m 

test (p=0.001).  

No significant differences were observed for all the outcomes between the two exercise 

groups (Hb vs supervised) (Table 2). 
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Table 2. Differences in functional parameters between groups 

 
Supervised (n = 44) Home based (n = 42) Measure (n = 17) ANCOVA p 

T0 T3 Δ T0 T3 Δ T0 T3 Δ  

10MWT (s) 
7.7 

(6.4 – 9) 

6.8 

(6 – 7.7) 

-0.9* 

(-1.6 - -0.2) 

7.2 

(4.7 – 9.7) 

5.8 

(4.6 – 7) 

-1.5*† 

(-3 – 0) 

4.2 

(3.2 – 5.2) 

4.2 

(3.2 – 5.2) 

0 

(-0.3 – 0.3) 
0.001 

           

6MWD (m) 
243 

(212 – 274) 

272 

(242 – 301) 

29** † 

(19 – 38) 

309 

(277 – 341) 

347 

(316 – 378) 

38** † 

(26-50) 

392 

(340 – 443) 

401 

(347 – 454) 

9 

(-4 – 22) 
<0.001 

           

5TSTS (s) 
19.4 

(14.8 – 23.4) 

16.8 

(13.5 – 20.6) 

- 2.5* 

(-4.6 – 0.1) 

15.3 

(13.2 – 17.5) 

13.6 

(11.5 – 15.7) 

-1.8** 

(-2.4 - -1.1) 

11.9 

(10.4 – 13.5) 

11.2 

(9.7 – 12.5) 

-0.8 

(-2.3 – 0.6) 
0.43 

           

FES 
11 

(9.5 – 12.6) 

10.5 

(9 – 12) 

-0.5 

(-1.2 – 0.5) 

9.3 

(8.3 – 10.3) 

9.5 

(8.4 – 10.6) 

0.2 

(-0.4 – 0.7) 

7.5 

(7 – 8) 

7.1 

(6.9 – 7.3) 

-0.5 

(-0.9 – 0) 
0.12 

           

DASI 
22.9 

(18.2 – 27.7) 

20.3 

(16.9 – 23.7) 

-2.6 

(-6.3 – 1.1) 

32.7 

(26.9 – 38.4) 

34 

(28.1 – 39.7) 

1.3 

(-1.6 – 4.1) 

47.3 

(34 – 65.2) 

41.1 

(32.1 – 50.2) 

-6.2 

(-17.7 – 5.4) 
0.22 

* P<0.05 

** p<0.01 

† different from Measure group 
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Figure 3. Difference in perceived exertion on Borg scale between groups 

 

 

 

Figure 4. Difference of the variations in the 10MWT between groups 
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Figure 5. Difference of the variations in the 6MWD between groups 

 

 

 

Figure 6. Difference of the variations in the 5TSTS between groups 
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Figure 7. Difference of the variations in the Falls Efficacy Scale score between groups 

 

 

 

Figure 8. Difference of the variations in the Duke Activity Status Index score between groups 
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11.4 Program completed: psychological outcomes 

 

The three-month evaluation allowed the effects of the two structured exercise programs, as 

well as any changes in the measure group, to be assessed on quality of life and depression 

levels. 

 

Supervised group 

In the supervised group all the SF-36 domains exhibited a significant improvement (Table 

Y), particularly in Physical Function (+7%), Emotional Role (+6%) and Physical Role 

(+5%).  

The supervised group was the only one to show a significant improvement in the BDI score 

(-1 point). 

 

Home based group 

The Home based group also had significant improvements in all domains of the SF-36. The 

best data were recorded in physical functioning (+4%), physical role (+9%), energy vitality 

(+17%), social functioning (+4%), bodily pain (+7%), and general health (+6%). 

The BDI score was unchanged. 

 

Measure group 

The Measure group did not show a significant improvement on the questionnaires 

administered, in contrast to the two intervention groups. 

 

Between group comparison 

Considering the baseline imbalances between group, the appropriate analysis of covariance 

was conducted.  

A significant between group comparison was observed only for the vitality domain of the 

SF-36 questionnaire (p = 0.021), while no other significant differences were observed.  
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Table 3. Differences in functional parameters between groups 

 
Supervised (n = 44) Home based (n = 42) Measure (n = 17) ANCOVA p 

T0 T3 Δ T0 T3 Δ T0 T3 Δ  

PF 
58 

(50 – 67) 

65** 

(57 – 72) 

6 

(2 – 11) 

74 

(69 – 79) 

78* 

(73 – 83) 

4 

(0 – 8) 

86 

(79 – 93) 

89 

(83 – 95) 

3 

(-2 – 9) 
0.32 

RE 
54 

(48 – 60) 

60* 

(54 – 66) 

6 

(0 – 12) 

86 

(77 – 94) 

86 

(77 – 94) 

0 

(-4 – 4) 

73 

(46 – 99) 

82 

(59 – 100) 

9 

(-17 – 35) 
0.52 

RP 
66 

(55 – 77) 

71 

(60 – 80) 

5 

(-5 – 15) 

56 

(51 – 61) 

65* 

(61 – 69) 

9 

(3 – 14) 

70 

(56 – 84) 

68 

(53 – 83) 

-2 

(-10 – 7) 
0.043 

VT 
56 

(47 – 67) 

58 

(47 – 69) 

2 

(-10 – 15) 

64 

(54 – 74) 

81** 

(72 – 91) 

18 † 

(9 – 26) 

57 

(23 – 90) 

59 

(27 – 91) 

2 

(-7 – 11) 
0.021 

EWB 
68 

(61 – 74) 

69 

(62 – 75) 

1 

(-4 – 5) 

73 

(68 – 77) 

75 

(71 – 79) 

3 

(-1 – 6) 

78 

(62 – 93) 

78 

(59 – 97) 

0  

(-6 – 6) 
0.57 

SF 
64 

(55 – 72) 

67 

(60 – 75) 

3 

(-4 – 11) 

74 

(67 – 81) 

78 

(73 – 83) 

4 

(-1 - 8) 

75 

(59 – 95) 

80 

(60 – 100) 

5 

(-1 – 12) 
0.40 

BP 
68 

(58 – 78) 

67 

(56 – 76) 

-1 

(-11 – 7) 

73 

(66 – 79) 

80* 

(75 – 86) 

7 

(2 – 13) 

87 

(74 – 100) 

83 

(64 – 100) 

-4 

(-22 – 13) 
0.07 

GH 
40 

(34 – 46) 

43 

(36 – 49) 

3 

(-4 – 10) 

46 

(41 – 52) 

52* 

(46 – 58) 

6 

(1 – 11) 

51 

(32 – 70) 

52  

(31 – 72) 

1 

(-5 – 7) 
0.12 

           

BDI 
11 

(9 – 12) 

10** 

(8 – 11) 

-1 

(-2 - -1) 

9 

(7 – 11) 

9 

(7 – 11) 

-1 

(-2 – 1) 

9 

(6 – 11) 

9 

(5 – 11) 

0 

(-2 – 2) 
0.23 

* P<0.05 

** p<0.01 

† different from Measure group 
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Figure 9. Difference of the variations in the Physical functioning domain of the SF-36  

 

 

 

Figure 10. Difference of the variations in the Role emotional domain of the SF-36  
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Figure 11. Difference of the variations in the Role physical domain of the SF-36  

 

 

 

Figure 11. Difference of the variations in the Energy, vitality domain of the SF-36  
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Figure 12. Difference of the variations in the Emotional well-being domain of the SF-36  

 

 

 

Figure 13. Difference of the variations in the Social functioning domain of the SF-36  

 

 

 

 

 

 

 



151 

 

Figure 14. Difference of the variations in the Bodily pain domain of the SF-36  

 

 

 

Figure 15. Difference of the variations in the General health domain of the SF-36  
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Figure 16. Difference of the variations in the Beck Depression Index score between groups  

 

 

 

11.5 Discussion 

 

Incorporating EF into the dialysis centre proved to be an effective intervention, increasing 

the number of physically active patients, and safe, as no related adverse events were reported 

during the exercise period. The training proposals proved to be appropriate for the target 

population, as more than 80% of the participants attended the two scheduled assessments. 

The dropout rate of 19.9% (due in part to EF's inability to recontact some patients for 

logistical reasons) is a satisfactory result when compared to other studies in the literature. 

Patients lost in the other three large-number studies were 23% for Excite [1], 34% for 

PEDAL [2], and 28% in DiaTT [3], respectively. Therefore, EF's constant presence at the 

HD centre was effective in keeping patients in the program. 

The group-by-group analysis of functional outcomes allowed the effectiveness of the two 

structured exercise programs to be evaluated compared with those who underwent the 

assessments alone, which can be considered a control group. In the analysis, it is important 

to bear in mind that the assignment of subjects to the different programs was not the result 

of randomization, so that the three groups had significant differences at baseline. Although 

this may be considered a limitation of the study, it is actually its strength, as allowing patients 

to choose which program to participate in resulted in a large number of people being 

recruited. 
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The supervised program proved effective for the population that chose it (on average, older 

and frailer), as demonstrated by high adherence (95% of scheduled sessions completed) and 

improvement in all physical outcomes. Again, this is a higher result than the previously 

mentioned studies. While Excite [1] still had high adherence (83%), the PEDAL [2] study 

had only 18% adherence to exercise prescription. 

Although there were improvements in all of the skills measured, it is worth noting that the 

"natural" trend in this type of subject would be a slow decline. Therefore, it can be concluded 

that an exercise program conducted under the supervision of an EF in the dialysis centre was 

successful in reversing the decline. 

Similar effects were seen in the home-based population, which was generally younger and 

fitter than the supervised population, but still improved on all measures. Since they were 

more autonomous subjects, the presence of the EF was particularly useful in providing them 

with precise guidance on how to train, using training patterns that had been previously tested 

on dialysis patients. The results in terms of walking autonomy are similar to those reported 

in the Excite [1] study (6MWD: +38m, compared to +39m of Excite), the exercise model of 

which was proposed for this group of patients.  

In contrast, subjects in the Measure group did not show significant improvement. This was 

despite being the highest performers at baseline. However, it is possible that the presence of 

the facilitator during the assessments was an incentive to maintain or increase their level of 

physical activity. The other studies that did not include the advice of an exercise expert 

showed a worsening of the outcomes measured in the control group. 

 

The data from the QoL questionnaires showed similar results to the functional tests. The 

groups that received the structured exercise programs (supervised and home-based) showed 

improvements in the domains inherent in the physical component of the SF-36, as frequently 

reported in literature [1,4-6]. No significant differences were observed between the two 

active groups, calling for a non-superiority of one treatment respect to the other. 

Interestingly, the SF-36 questionnaire domains related to the mental component, had slight 

still not significant, favourable variations or showed stable trends. The measure group 

maintained similar levels between baseline and the second assessment and did not show any 

significant changes. 

Interesting data were observed when analysing the BDI-II scores. This questionnaire was 

previously validated in dialysis people and it was associated with mortality and morbidity 

[7]. Considering the reported cutoff score > 17 for the diagnosis of depression in dialysis 

patients [8], just over 15% of our populations exceeded this value. In our study, a significant 
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reduction in BDI score was observed in Supervised group only. This may be related to the 

psychological support function of the EF who, in his daily relationship with the patients, was 

able to help them through the difficult days by adapting the exercise program to their actual 

abilities, listening to their problems, and using his expertise to give them guidance on how 

to cope with the daily difficulties inherent in their physical disabilities. In addition, the 

possibility to perform exercise training in small groups of people, may have favored the 

social relationships and consequently improved the perceived levels of QoL and depression, 

as reported in literature. Other few studies reported variations of BDI in the dialysis 

population after exercise training. A study by Rezaei et al. [9] showed a mean reduction of 

BDI score of 12 points in a depressed population with ESKD. A recent meta-analysis [10] 

showed that depressive symptoms in studies using the BDI demonstrated a greater reduction 

in BDI score with exercise as compared with control (mean difference −7.57; 95% 

confidence interval, −8.25 to −6.89) in just three studies with an unclear risk of bias. 

However, in all the analysed studies, the BDI level of dialysis patients was significantly 

higher than that observed in our study, favouring the positive variations observed.  

Finally, the positive variations observed in quality of life and depression indexes at the end 

of the 3-month program are notable, with a 33% of patients that reached the minimally 

clinical important difference set at a 17.5% reduction of the baseline score [11]. The 

intention-to-treat analysis of all the outcomes will confirm the results here reported 

empowering their statistical power.   
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12. BIOPHILIC INTERVENTION IN THE DIALYSIS CENTRE 

 

 

Complementary interventions to exercise were considered to improve patient well-being, 

especially during the stay in the health care setting. Because the facilitator's activity took 

place mainly in the dialysis centre of Cona Hospital in Ferrara, which is the unit where most 

patients were recruited, we focused on how to improve the intervention there. 

 

 

12.1 Modification of the indoor environment of the dialysis centre 

 

In assessing how to improve possibly, it was immediately visible, as confirmed by the 

patients themselves and all HD staff members, that the centre’s indoor environment was 

uncomfortable and unpleasant. The structure of the dialysis unit provides the first space (a 

corridor) through which patients enter the unit, which is separate from the room in which the 

therapy is performed. In the corridor, many patients spend much time before and after 

dialysis, and this is the same place where the exercises were performed under the supervision 

of the EF. Since this place is used constantly and patients have stated that it gives them a 

feeling of discomfort, how to make it more pleasant was investigated. 

 

 

Figure 1. Corridor of the dialysis centre at Cona Hospital, Ferrara 
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Figure 2. Corridor of the dialysis centre at Cona Hospital, Ferrara 

 

 

 

Because of the limitations imposed by the hospital's internal regulations, several intervention 

options were evaluated to determine the best option for optimizing the relationship between 

effectiveness and feasibility. A review by Jamshidi [1] investigated the impact of 

environmental factors in the hospital setting on patients' perceptions. The authors affirm that 

the environmental factors that affect patient outcomes are (1) form, (2) unit layout, (3) floor 

material, (4) room features, (5) medical equipment visibility, (6) nature, (7) lighting, and (8) 

music. Given the limited possibilities for intervention and the intention to impose non-

invasive modifications, nature was identified as the factor with which to intervene. This 

decision was also based on previous knowledge about the benefits of natural elements to 

healthcare settings. 

The positive effects of the natural environment on people's physical and mental health are 

recognized [2], and several studies have demonstrated that natural elements are a motivation 

for people to engage in physical activity [3-5]. It is also recognized that exercise performed 

in a green environment provides additional benefits [6]. Certainly, it would not be possible 

to install real plants in the corridor of the dialysis unit because they would not meet the 

hygienic standards required by a sterile environment. However, Beukeboom et al. [7] 
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showed that in the hospital setting, viewing artificial natural elements has effects comparable 

to those of real nature. 

Three proposals were developed for the design of the dialysis unit. These were very low-

cost ones that would have limited effects, the best possible one that aimed to create the most 

natural environment without considering any limitations, and an intermediate proposal that 

sought a balance between effectiveness and feasibility. The three options are described in 

Table 1. 

 

 

Table 1. Three proposed changes to the dialysis centre at Cona Hospital, Ferrara 

Proposal Interventions  Benefits Disadvantages 

Low cost 

Artificial plants 
 

Cheap interventions. 

Easy-to-find materials. 

Sterile, sanitizable material. 

Does not require complex 

installations. 

Minimal maintenance needed. 

Poor “nature” effect. 

Visual-only stimuli. 

Poor impact on mood. 

Nonsubstantial changes 

in environment. 

Colorized path 

on the floor 
 

Green panels 
 

Intermediate 

Artificial plants 
 Affordable costs. 

Easy-to-find materials. 

Sterile, sanitizable materials. 

Do not require extensive 

modifications. 

Effects proven in previous trials. 

Visual, auditory, and tactile 

stimuli. 

Opportunity to exercise in the 

natural environment. 

Minimal maintenance is needed. 

Artificial nature, not real. 

No possibility of direct 

interaction with natural 

elements. 

No olfactory stimulus 

was provided. 

 

Colorized path 

on the floor 
 

Nature-themed panels 

on the wall 
 

Screen-playing 

nature-themed videos 
 

Fixed training 

machines 
 

Relaxing sounds 
 

Best possible 

Real plants 
 Real natural elements. 

Direct interaction with nature. 

Opportunity to exercise in a 

natural environment 

Exercise exploiting natural 

materials. 

Visual, auditory, tactile, 

olfactory stimuli. 

Possible to engage patients in 

nature-based activities. 

Effects proven in previous trials. 

High costs. 

Nonsterile materials, 

impossible to sanitize. 

Maintenance of green 

areas is expensive and 

requires dedicated staff. 

Requires structural 

modification. 

Greenhouse managed 

by patients 
 

Green installations 

(nature in the box) 
 

Nature-themed 

exercise machines 
 

Natural scents 
 

Relaxing sounds 
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Once structured, the three proposals were submitted to the unit Head, who could choose the 

best one in terms of feasibility and effectiveness and make suggestions for improving the 

project. Of the three projects, the most successful was the intermediate one because of the 

potential benefits achievable at a low cost. For several reasons, the Head asked that some 

planned elements (the artificial plants, the colorized path on the floor, and the training 

machines) not be included in the final project design. 

The low-cost proposal was rejected because the effect achieved was considered insufficient 

to meet the demand. In contrast, the best possible proposal aroused great interest because the 

effect achieved would certainly be impactful. However, hygienic regulations prohibited the 

inclusion of some planned elements (real plants), while other installations were judged 

unfeasible despite their evident potential (greenhouse managed by patients). 

Therefore, the installation of panels depicting natural motifs and the placement of artificial 

“green walls” that could also provide patients with a tactile stimulus could be effective ways 

to recreate a more pleasant environment. 

 

 

Figure 3. Proposed redesign of the dialysis centre corridor 

 

 

 

In addition to visual and tactile stimuli, appropriate sound stimuli could further enhance 

positive feelings. Studies have shown that listening to natural sounds in the hospital 

environment can reduce anxiety and pain perceived by patients [8,9]. To add this component, 
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a screen was planned to be placed in the waiting area within one of the green panels, on 

which videos of natural environments are projected, and the sounds are broadcast into the 

corridor. 

 

 

Figure 4. Proposed redesign of the dialysis centre corridor 

 

 

 

In the modified environment, upon entering the dialysis unit, the patient would immediately 

be welcomed into a place with elements reminiscent of nature. He/she might decide to wait 

for the therapy to begin by sitting in the waiting area, relaxing in a comfortable environment, 

and being surrounded by the sounds of nature, with the opportunity to watch images and 

videos. The green corridor would accompany patients to the locker room, from which they 

would then access the therapy and equally guide them to the centre’s exit. This would keep 

them in contact with a pleasant environment both before and after dialysis to reduce its 

negative impact on mood. This would ensure benefits for all patients entering the centre and 

the caregivers waiting for them at the end of dialysis. For people who choose to exercise 

together with EF in the dialysis unit, the benefits will be even greater because of the already 

described exercise-environment synergy that provides greater effects than that of the two 

separate components. 

In addition to patients, dialysis centre staff could also benefit from the proposed redesign. 

Both nephrologists and nurses experience greater levels of stress than colleagues working in 

other departments [10,11]. This is due to the frequent loss of patients typical of dialysis units, 

the complexity of treatments, and the need to interact with constantly evolving technologies. 

In the specific case of Cona Hospital, staff complained that the dialysis environment itself 

contributes to the perceived level of discomfort. An aseptic, impersonal environment lacking 

decorative elements does not help the staff’s mood while conducting activities. Because 

previous studies have shown that interactions with natural environments reduce stress levels 

[12], we believe that staff members could also enjoy the benefits of renewing the setting. 
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Figure 5. Graphic conceptualization of the proposed intervention 

 

 

 

12.2 Modification of the hospital's outdoor environment 

 

In addition to the modification of the indoor environment, the design of some interventions 

in the space outside the hospital, near the exit from the dialysis unit, is also in the beginning 

phase. 

 

 

Figure 6. Space outside the dialysis centre at Cona Hospital, Ferrara. 
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Figure 7. Space outside the dialysis centre at Cona Hospital, Ferrara. 

 

 

 

The concept is to create an outdoor corner where patients and staff members can take a seat, 

which is organized by exploiting elements similar to those that will enrich the interior of the 

centre itself. This would create continuity between the two spaces (indoor and outdoor) that 

would welcome the patient even before he/she enters the hospital, guide him/her to the care 

room, and then accompany him/her again on the return drive. 

 

 

12.2.1 Vertical gardens 

 

Installing a "vertical garden" on one of the hospital's walls was one of the options considered. 

A vertical garden (or green wall) is a technique developed by the French botanist Patrick 

Blanc, which he has used to beautify buildings worldwide [13]. The system can be 

implemented in both internal and external environments. The system consists of three layers: 

a PVC layer, a felt layer, and a metal mesh. It is a self-supporting system that can be 

suspended in air without the need for a foundation. The advantages of a vertical garden are 

numerous: it enhances air quality, decreases energy consumption, acts as a natural sound 

barrier, and is aesthetically pleasing. 
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Figure 8. One of the living walls of the Quai Branly Museum 

 

 

 

Figure 9. Caixaforum Madrid vertical garden 

 

 

 

Although this intervention has potential, it cannot be implemented due to current conditions. 

Therefore, an alternative solution had to be sought. 
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12.2.2 Proposed modification of the external environment 

 

To fulfil the Head's requests, we attempted to create a proposal that requires only minor 

interventions. The project included drawing a line along the outside wall to guide people to 

a reserved corner. This would allow the use of a currently disused area where it would be 

possible to relax while maintaining privacy. 

 

 

Figure 10. Redesign project of the space outside the dialysis centre at Cona Hospital, Ferrara. 

 

 

 

This corner was reorganized by inserting plants to decorate the area and installing panels 

along the exterior walls that again recalled natural elements. Comfortable benches would be 

placed here, on which patients could sit while waiting to begin therapy or at the end before 

returning to their homes. 
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Figure 9. Redesign project of the space outside the dialysis centre at Cona Hospital, Ferrara. 

 

 

 

12.3 Discussion 

 

To develop a multidisciplinary intervention aimed at improving the well-being of patients 

who frequently visit dialysis unit, it was decided, after analysing various possibilities, to 

explore the application of biophilic interventions. This choice was motivated by the search 

for an approach that would complement the intervention based on the involvement of the 

exercise facilitator in the centre itself to improve the functional capacity of the patients. This 

reason, supported by the fact that the indoor environment had been described by patients and 

staff as "depressing" and "giving off bad vibes", led to an attempt to develop a redesign of 

the dialysis unit that would be both effective and feasible, as requested by the Head. 

The effects of natural elements in the hospital environment on the well-being of patients and 

staff are well documented in the literature and have been applied in various forms with 

similar results. To meet the director's needs and not know exactly how far he could go in 

altering the dialysis centre environment, we structured three different intervention options. 

Starting with a low-cost proposal, passing through an intermediate one, and arriving at the 

best possible position, the dialysis unit corridor where the EF supervised patient exercise 

was assumed to be remodelled. The goal was to create a more pleasant environment that 

would evoke positive feelings in patients waiting for treatment and staff walking through it. 

In addition, the natural environment constitutes a booster that can enhance the beneficial 

effects of exercise on physical and mental health. 
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Of the three proposals, the intermediate option was chosen. The project, which is currently 

under consideration by the hospital's appropriate offices, includes the installation of panels 

with natural patterns along the corridor walls, a green wall, and a screen that will project 

videos and natural sounds. With these modifications, the patient would receive visual, 

auditory, and potentially tactile stimuli that could significantly improve the quality of time 

spent in the dialysis centre. 

Since the entrance to the dialysis unit is very close to the hospital entrance, the possibility of 

intervening in the external environment was also investigated. The concept was to create an 

outdoor space that welcomes patients even before they enter the dialysis unit and is 

reminiscent of the natural elements inside. Creating continuity between the outside and the 

inside would be a kind of "accompaniment" for patients, who would be guided by a pleasant 

and uniform environment on their way to the place of care and on their return to the vehicle 

that would take them home. 

Several possibilities for the exterior design were also explored. The one that was deemed 

most feasible was the redevelopment of a space adjacent to the currently unused hospital 

entrance, creating a secluded corner where patients could relax, beautified with the 

installation of natural elements. This project will be presented to the head later. Once the 

interior design is completed. 

 

 

12.4 Limitations and perspectives 

 

The hospital environment has several limitations in regard to incorporating natural elements. 

In particular, dialysis units have more stringent regulations than other departments because 

vascular access for patients requires particularly rigorous hygiene standards. This is the 

reason why the therapy room could not be part of the intervention. 

In the search for the best possible interventions, the option of installing green walls with real 

plants inside the corridor was considered but was rejected by management due to the 

aforementioned hygiene regulations. However, a review of the literature has provided 

reassuring evidence that viewing real and reproduced nature has similar psychophysical 

effects on people [7]. Therefore, to structure an effective (and not just aesthetic) intervention, 

it was felt that the placement of nonreal elements would still have the desired effect. 

The redesign project was later extended to the exterior. At present, no structural intervention 

is conceivable that would significantly alter the appearance of the hospital. Therefore, it was 

decided to propose a small, low-cost intervention for the recovery of a currently unused area 
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that could still be useful for patients. In the future, it is conceivable that a more significant 

intervention could be undertaken that would significantly reshape the exterior of the 

structure. The installation of a vertical garden, using the technique developed by the botanist 

Patrick Blanc [13], would be a significant intervention that would improve the appearance 

of the building. These installations have been successfully implemented in various hospital 

facilities around the world (Hospital Quirón Sagrado Corazón in Sevilla, Khoo Teck Puat 

Hospital in Singapore, etc.). As elevated concentrations of microorganisms in the air, on the 

plant wall, and in the water increase the risk of infection within the structures [14], the 

installation of an outdoor vertical garden could prove to be an effective intervention with a 

lower risk. 
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13. PRACTICAL APPLICATIONS AND FUTURE RESEARCH 

DIRECTIONS 

 

 

This PhD project investigated which forms of exercise are preferred by people with HD, and 

the different levels of effectiveness of these types of exercise on functional capacity and 

quality of life. The study design (pragmatic, non-randomised) allowed for the identification 

of patient preferences and encouraged participation in the study. However, the opportunity 

to choose meant that participants were 'stratified' according to their different characteristics, 

particularly age and functional capacity. In order to establish the effectiveness of the exercise 

programmes tested in this project, it would be helpful if randomised trials could be conducted 

to test the differences between exercise and control groups with homogeneous 

characteristics. 

At the same time, the 'natural' redesign of the dialysis unit represents a novelty that should 

be further explored and possibly implemented. Once the practical implementation of the 

project will be completed, it will be important to measure the effects of the new environment 

on the mental health of patients and dialysis staff. If its efficacy would be confirmed, it would 

represent another non-pharmacological intervention in the management of this type of 

patient. 
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14. CONCLUSION 

 

 

This PhD project evaluated the effectiveness of implementing a multidisciplinary 

intervention model to improve the psychological and physical well-being of people in the 

dialysis centre. Research should focus on this population, which requires specific 

interventions that meet the needs of patients, which often vary from individual to individual. 

For this reason, a pragmatic, non-randomized study based on physical exercise was designed, 

in which the patients themselves chose the exercise program best suited to them, after 

listening to the advice of the exercise facilitator. This aspect was crucial to the success of 

the study, as it encouraged patient participation and maintained a high level of adherence to 

the prescribed programs. 

The multidisciplinary approach was based on the figure of the EF, who served not only as 

an exercise prescriber and trainer but also as a key figure in helping patients overcome the 

barriers to exercise commonly described in these patients. His involvement has been 

essential in introducing patients to forms of exercise appropriate to their abilities, and in 

helping those with whom he was in constant contact to overcome daily difficulties that limit 

their ability to exercise. This was confirmed by the results of the physical tests and 

psychosocial questionnaires administered to the participants, which showed improvement in 

the patients who had chosen the structured programs, while those who had only taken the 

control assessments showed a stable condition. 

In parallel with the implementation of the exercise trial, the dialysis centre environment itself 

was identified as a potential area for improvement in the search for complementary 

interventions that could enhance its impact. The influence of the environment on people's 

mood is well documented in the literature, and because of the nature of the care, patients 

spend much more time in the dialysis unit than other people. After evaluating several 

alternatives, it was determined that modifying the indoor environment of the dialysis centre 

by incorporating natural elements would be effective in improving the patient and staff 

experience. A project was then carried out, the feasibility of which is being evaluated by 

management. Once accomplished, the next step could be to expand the redesign to the 

hospital's outdoor environment. 

Facilitator activities in a "green" dialysis unit could be even more effective in improving the 

mood and quality of life in the dialysis centre for patients and medical and nursing staff. 


