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ABSTRACT 

Chronic kidney disease (CKD) patients’ health-related quality of life (HRQoL) is heavily impaired 

by their frailty, disability and decreased physical capacity. Especially amongst older patients, a 

high prevalence of low-physical activity levels and reduced functional performance has been 

reported. Physical exercise training has been shown to have a beneficial impact counter-acting 

these same hazardous consequences of inactivity and sedentarism both on CKD and end-stage 

kidney disease (ESKD) patients under haemodialysis (HD) treatment. However, the evidence-

based knowledge on physical exercise effect on ESKD patients under Peritoneal Dialysis (PD) 

treatment is still scarce, even though this is a constant growing population that shares the same 

risk factors and desired clinical outcomes as the previously mentioned groups of patients. 

Further investigation will be necessary in order to clarify whether this exercise-based approach 

may be suitable to be applied in the PD population. 

This paper’s purpose is to review the available literature, including randomized controlled trials, 

reviews and meta-analyses results that assessed the impact of physical exercise on patients 

under PD treatment concerning their HRQoL, physical functioning and cardiovascular 

parameters. Furthermore, it aims to evaluate the current major perceived barriers and 

limitations by the PD population towards physical exercise practice and how nephrologists 

should address them.    
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1. INTRODUCTION 

The prevalence of chronic kidney disease (CKD) has been increasing steadily [1, 2] and it must 

be seen as a major concerning health-related problem, since it is associated with high morbidity 

and mortality, negative impacts on the health-related quality of life (HRQoL), high diagnostic 

and therapeutic cost and high disease burden over society [3]. 

The decline in HRQoL can be linked to several factors such as anaemia, malnutrition, impaired 

cognitive function, deteriorated sleep quality, increased depression rate, worse cardiovascular 

condition and other metabolic disturbances characteristically found in CKD patients [1, 4]. The 

treatment regimen, especially HD, may also require several weekly attendances to health-

related facilities, which can be extremely time-consuming and stressful for patients [5]. Reduced 

physical performance with its frailty and disability also contributes to sedentarism and 

decreased quality of life. 

Therapeutic approaches should no longer aim exclusively to an increment of their longevity and 

life expectancy, but also to an improvement of quality of life, since plain survival isn’t enough to 

assert that someone lives well and satisfied.  

Cardiovascular morbidity is the leading cause of morbidity and mortality in the CKD and ESKD 

population [6]. The status of the cardiovascular system is extremely important in determining 

the functional capacity and may be the most limiting factor over the success and efficacy of the 

rehabilitation efforts [7].  

It is well established that regular exercise practice bestows substantial benefits in the 

management of cardiovascular risk factors, such as obesity, type 2 diabetes mellitus and 

hypertension, as it can promote a better control over blood glycaemia, blood pressure and the 

patient’s nutritional status respectively.  Exercise training can also improve exercise tolerance in 

general individuals, allowing them to increase their physical fitness levels [16]. It is therefore 

expected that this same beneficial impact can be observed in the CKD and ESKD population. 

The 2005 NFK-KDOQI (National Kidney Foundation – Kidney Disease Outcomes Quality Initiative) 

guidelines, had already recommended that exercise should be considered as one of the 

cornerstones of the therapeutic approach for adults receiving dialysis, especially when aiming 

to control cardiovascular risk factors and outcomes [8]. 

In that sense, and so that a good clinical practice can be assured, it is essential that nephrologists 

have access to evidence-based knowledge about which health outcomes may be affected by 

these exercise-based approaches, and which should be the most fitting training designs to 

achieve and influence the desired endpoints.  Most of the investments made in this field of 

clinical investigation have been mainly focused on HD patients  and have already shown some 
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beneficial impact over their cardiorespiratory functional capacity and HRQoL from regular 

exercise training [9].  

However, unlike HD patients, and even though the use of this therapy is increasing in some 

countries such as the USA, China and Thailand [10], physical performance levels and exercise 

tolerance has not been studied as thorough in patients on peritoneal dialysis (PD).  

The point of this paper is to not only review the current state of exercise-based approaches to 

ESKD patients under PD therapy and the evidence-based knowledge concerning their impact 

over HRQoL related factors, but also to screen perceived barriers and physical limitations that 

might restrain PD patients from having higher physical activity levels as well as potential 

strategies that may be proposed to overcome these same barriers.  
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2. PHYSICAL ACTIVITY IN PD PATIENTS 

In similarity with other chronic diseases, a decline in the exercise capacity, measured by peak 

oxygen consumption (peak VO2), and muscle wasting are frequent and progressive in patients 

with CKD and ESKD and are associated with higher morbidity and mortality risk [1]. The leading 

cause of death in the PD population, as in CKD and HD patients, remains to be cardiovascular 

events [11]. People with CKD have an 18 to 20-fold increased risk of cardiovascular disorders, 

which is even further enhanced after the initiation of a dialysis regimen [12]. It has been proven 

that this increase in cardiovascular morbidity may be due in a great extent to potentially 

modifiable risk factors such as sedentarism, nutrition status, dyslipidaemia and hypertension, 

and may therefore be potentially amenable to interventions that are focused on counteracting 

these same disorders and lack of physical function [17]. Even though studies on exercise-based 

approaches have already reported a beneficial impact over physical functioning levels and 

HRQoL of CKD and ESKD patients under HD treatment, studies involving PD patients exclusively 

are scarce, and the lack of well-design randomized controlled trials restrains us from being able 

to assert a significant and valid evidence-based causality on exercise and PD patients’ oriented 

outcome measures. To further discuss on the matter, a comparison between PD and HD patients 

seems of an utmost relevance. The main observational and interventional studies analysed for 

this purpose of this review are summarised in Tables 1. and 2., respectively, on the appendix 

section. 

 

2.1 SEDENTARISM 

In 2014, a cross-sectional study by Cobo G. et al [13] revealed that both PD as HD patients 

presented high prevalence of sedentary behaviour. A pedometer-based approach revealed that 

63% of the PD patients and 71% of the HD patients were considered sedentary (<5000 

steps/day), thus reporting no significant differences between both these populations’ physical 

activity levels.  

In addition, in 2017, Painter et al. [14] was the first to directly compare physical functional 

capacity between both the HD and the PD population demonstrating comparable low levels of 

physical functioning on both groups, with only gait speed being higher in PD patients.  

This is in conformity with a previous review by Cupisti et al. [15] who also stated the same high 

prevalence of low physical functional and sedentarism amongst older patients performing PD. 

Another pertinent finding by Cupisti et al. [15] was that a matching pre-dialysis CKD patients 

cohort didn’t show any significant differences in terms of physical functioning and performance 

when comparing to the previous PD population. Therefore, even though it lacks confirmation, it 
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was suggested that the initiation of a dialysis-based treatment, in this case PD, was not per se a 

major determinant in the decline of these patients’ physical capacity. It is rather a deteriorating 

process that starts in earlier stages of CKD and progresses on par with the disease. 

This physical inactivity and mobility limitation deeply influence PD patients’ independence 

status and capacity of performing everyday tasks, including self-care needs. On the other hand, 

sedentarism will also promote the maintenance of a vicious cycle of poor health, in which an 

imbalance of energy expenditure can exacerbate comorbidities such as hypertension, diabetes 

mellitus, coronary artery disease and depressive mood disorders [4], which can also be seen as 

the primordially implied determinants of this same physical inactivity. Therefore, since each of 

these conditions per se can further increase the morbidity and mortality rates, as well as 

intensify the decline in the quality of life of these patients [1], an interventional strategy oriented 

towards this sedentary lifestyle may be of interest amongst some patients.  

 

2.2 NUTRITIONAL and INFLAMATORY STATUS  

On a different focus, studies that aimed to assess the nutritional status in elderly patients under 

PD treatment and its impact on their physical functioning have reported that the malnutrition-

inflammation score (MIS) was markedly higher in PD patients when comparing with matching 

CKD pre-dialysis patients. In 2017, Cupisti et. al. [15] was also able to hypothesize that PD 

patients’ physical capacity, measured by simple methods as the Rapid Assessment of Physical 

Activity (RAPA) test and the 30s sit to stand (STS) chair test, had an inverse correlation with MIS 

scored by these patients, suggesting once again that malnutrition-inflammation score was a 

major physical impairment factor. Previously, in 2014, Wakamiya A. et. al. [16] resorting to the 

Geriatric Nutritional Risk Index (GNRI) to assess the nutritional status of patients under PD 

treatment, had also shown evidence that the low-GNRI group was associated with decreased 

levels of physical activity. Thus, both MIS and GNRI may be seen as potential predicting tools of 

poor Physical Activity capacity and functioning. This may be of special value when considering 

the PD population, since it is, simultaneously, at high risk of protein depletion and at high risk of 

obesity. 

Moreover, in a recent systematic review it was demonstrated that the number of daily steps 

taken by PD patients, measured by a pedometer, had an inverse correlation with serum C-

reactive protein (CRP) values [12].  Since exercise has already been associated with noticeable 

anti-inflammatory effects in pre-dialysis CKD patients [15], it may be anticipated a comparable 

beneficial impact over PD patients MIS and GNRI scores, even though further studies are still 

necessary.  
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2.3 SARCOPENIA and DYNAPENIA 

As mentioned above, physical deterioration starts early and progresses across the CKD lifespan. 

This can be measured by PD patients’ dynapenia and sarcopenia, referring to muscle strength 

and muscle mass, respectively. In CKD the uremic milieu and the increased protein catabolism 

contributes to the muscle atrophy with loss of strength and mass [17]. According to an Iranian 

study from 2018, the PD population was presented with dynapenia and sarcopenia rates of 43% 

and 11.5% [18]. After age-adjustments, these results were comparable to the values of 

dynapenia and sarcopenia found in much older non-dialysis population. The average 50 years 

PD patient had similar scores of muscle mass and strength of a 70 years-old without other 

chronic condition as CKD. Besides that, at the age of 70’s, only 8% of the PD population remained 

independent to perform their daily living activities and self-care necessities [18]. It was also clear 

that the loss of muscle strength happened more rapidly than the loss of muscle mass. Thus, 

dynapenia can’t be justified exclusively by muscle atrophy. The increased malnutrition-

inflammation scores with higher protein-energy wasting, the oxidative stress and metabolic 

acidosis from the uremic milieu, the increased insulin resistance and the hormonal deregulation 

are all factors that must be taken into consideration. Another major contributor to dynapenia is 

the increased fat infiltration into PD patients’ muscles, lowering their muscle tissue quality and, 

therefore, their muscle strength [18].  

In the aforementioned study, the loss of muscle strength and mass had a significant 

inverse correlation with physical activity levels by PD patients. Concurrently, it has been shown 

that exercise-based approaches, especially resistance exercise training, have a beneficial impact 

in counteracting, controlling and managing dynapenia and sarcopenia both in general healthy 

population as in chronic conditions patients such as the oncologic or CKD populations [19, 20]. 

A recent systematic review from 2018 has also reported that a higher lean body mass index was 

associated with increased tertiles of physical activity [12]. For that reason, it is plausible to infer 

that better body composition seems to be positively associated with higher physical capacity in 

CKD and PD patients. Meaning that, once again, increasing physical activity levels in PD patients 

may be seen as a relevant strategy in preventing further functional impairment and in reducing 

the associated risk of falls, fractures, hospitalization and death. 
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3. EXERCISE AND HRQoL  

When dealing with CKD and ESKD patients, it is not rare of nephrologist to prioritize the 

fulfilment of certain clinical and laboratory therapeutic targets over patients’ mental health, 

emotional stability and satisfaction towards treatment. According to the United States Renal 

Data System (USRDS; https://www.usrds.org/adr.aspx, April 2020), over the recent years hard 

clinical outcomes, such as survival rates and survival during the first year on dialysis, have 

improved in ESKD patients, especially on those under a PD therapy. However, there is no 

confirmation on a parallel improvement on these patients’ satisfaction and quality of life. HRQoL 

is an important aspect of patient-centered clinical outcomes and must be taken into 

consideration when assessing renal care service’s quality and effectiveness [21].  

In 2018 a cross-sectional observational study by Uchiyama et. al. evaluated an eventual 

association between exercise capacity, measured by the incremental shuttle walk test (ISWT), 

and quality of life in PD patients assessed by the Kidney Disease Quality of Life – Short Form 

questionnaire (KDQoL). Multivariate analysis revealed a positive correlation between exercise 

capacity and HRQoL, so that patients amongst higher tertiles of ISWT scores were also associated 

with improved scores in several domains of the KDQoL questionnaire, such as kidney-specific, 

physical and mental domains. The skeletal mass index (SMI) had a positive association with 

handgrip and quadriceps strength, however no significant relation was found between SMI and 

HRQoL scores [22]. Thus, it was hypothesized that PD patients’ aerobic capacity is a better 

determinant factor of their HRQoL than muscle strength per se.  

Later, in 2019, a randomized controlled trial also conducted by Uchiyama et. al. was able to 

clarify the beneficial impact of exercise-based approaches on an exclusively PD population 

cohort. The interventional group was submitted to a 12-week duration home-exercise program 

composed by both an aerobic and resistance training components. When revaluated after 12 

weeks, significant improvements were noted in the ISWT when compared to the usual care 

group without the intervention [23]. Other predictor exercise parameters were also measured, 

such as handgrip and quadriceps strength, however no significant differences were reported. 

Furthermore, the HRQoL of these patients was also assessed before and after the 12 weeks of 

intervention, using the 36-Item Short Form Health Survey (SF-36). According to the SF-36, 

significant improvements were seen in physical role functioning, emotional role functioning and 

social component summary domains. Other categories such as bodily pain and vitality also 

tended to improve, however they lost significance after adjusting the results for potential 

interaction factors. Unfortunately, since the referred trial was designed with a short follow-up 

period, it wasn’t possible to prove whether these interventions may improve more critical 

outcomes such as PD patients’ mortality rate or technical survival [23].  
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4. EXERCISE AND GLYCEMIC CONTROL  

The current commercially available PD dialysate hyperosmotic solutions are composed by 

glucose, icodextrin or amino acids as their main osmotic agents, being the glucose-based 

solutions the preferred option in clinical practice. The glucose concentration of the PD dialysate 

surpasses by far the patients’ blood glycaemic load resulting in a 50-80% of the glucose being 

absorbed, thus rising patients’ serum glucose levels [24]. The average glucose uptake by patients 

under PD therapy can range between 100g to 300g per day [24].  

There is still limited knowledge whether glucose solutions in PD therapy can induce an increase 

in the number of patients with new-onset diabetes or not. So far there was only one study with 

statistically significative results, showing that 8% nondiabetic patients became diabetic after 

initiating PD [24]. Further studies will be needed to confirm this hypothesis. Others studies have 

also shown that the use of an icodextrin-based dialysate solution can be linked with a significant 

reduction in blood glucose levels, as well as insulin needs [25]. 

Another hazardous effect related to this excessive glucose uptake are the consequent metabolic 

complications due to excessive calorie intake and the subsequent weigh gain, that characterize 

the rather high prevalence of dyslipidaemias amongst PD patients [26]. 

It is, therefore, plausible to assume that this uncontrolled peritoneal glucose absorption, and 

both the hyperglycaemia and hyperinsulinemia associated, will contribute to an undesired raise 

of the cardiovascular events risk labelled to the PD population, majorly as a result from the 

increased risk of atherogenesis and hyperlipidaemia. Thus, it would be reasonable to restrain 

the use of hypertonic glucose dialysate solutions, given the availability of other glucose-sparing 

dialysate solutions, or, at least, to invest in interventions that counteract the initial glucose 

uptake by these patients.  

Apart from the increased glucose uptake, PD patients’ impaired glucose metabolism is mainly 

due to an increase in glucose intolerance, associated with decreased peripheral insulin 

sensitivity, hyperinsulinemia and hyperglycaemia [26].  Taking also into consideration its impact 

over cardiovascular outcomes, the increase of physical activity levels in PD users has been 

proposed as an eligible strategy to address this issue. Exercise, especially aerobic exercises, can 

improve skeletal muscle sensitivity towards serum glucose, both by enhancing the muscles 

capillary bed and increasing the concentration of insulin receptors. Since recruited muscles will 

have a greater sensibility towards insulin when comparing with resting muscles, its hormonal 

effect will be maximized, thus lowering PD patients’ glucose blood count more efficiently [26].  

In a study conducted in Iran investigating the impact of exercise over serum glucose levels in 22 

PD patients, N. Shangholian et al. [26] revealed significant beneficial results in their glycemic 
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control. In this study PD patients were submitted to a training regimen consisting in 40 min of 

stationary cycling twice weekly and were revaluated after 16 training sessions. The revaluation 

reported a significant reduction in both fasting blood glucose (93.6±12.5 mg/dl vs 117.0±15.3 

mg/dl; P=0.001) and 2 hours post-prandial blood glucose levels (162±15.1 mg/dl vs 182.0±18.6 

mg/dl; P=0.010) when comparing to the controls’ subgroup. In another study with 13 patients 

undergoing PD, similar results were found with the evidence of a reduction in fasting blood 

glucose levels after 12 weeks of treadmill workout when comparing to the control group [27]. 

Therefore, a customized exercise regimen, once the daily caloric and glucose load is determined 

based on individual patients’ PD dialysates prescriptions, may be a possible line of action 

amongst nephrologists on this matter, and further studies are needed to assess how an exercise-

based approach may counteract the caloric load absorption from glucose-based PD solutions.  
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5. EXERCISE AND MENTAL HEALTH 

Patients with ESKD under PD therapy, as with patients with other chronic diseases, experience 

difficulties with functional limitations, reduced mobility, fatigue, higher age-related morbidity 

and other burden factors of the chronic disease which ultimately contribute to an impairment 

of their HRQoL. Furthermore, a lot of these patients have their scores of emotional and mental 

health affected by these same limitations [12]. 

Peritoneal Dialysis has taken a more preponderant role as a viable kidney function substitute 

therapy as it allows patients more free time and more independence from health-related 

facilities and hospitals, when comparing with the HD population [28]. Still, its technique requires 

a certain degree of knowledge and practical qualifications, especially since patients may lack 

from direct supervision of health-related staff.  Patients’ ability of self-management over their 

disease may not only be seen as a crucial step in terms of reducing the Kidney disease burden 

over society and medical and healthcare resources, but also as a positive effect on their 

psychological adjustment and acceptance towards their chronic condition [28]. Nonetheless, if 

this same freedom and selfcare requirements are seen as a heavy and decisive responsibility in 

terms of patients’ therapeutic success, for which they don’t find themselves prepared or able to 

fulfil, then it may backfire creating an extra burden, anxiety and fear, with which they may not 

be able to cope. According to Pucheu S. et al [29], patients with better coping mechanisms and 

health literacy, besides being in a better position to take an active posture and influence their 

health condition, are also more capable of preserving their HRQoL scores. It is therefore 

fundamental to maintain a close follow-up relationship with these home-dialysis patients in 

order to prevent this increased autonomy from becoming a disruptive factor on their mental 

health and emotional status. 

Besides that, physically impaired patients with functional limitations and reduced mobility are 

often forced to withdraw from activities that previously brought them pleasure, thus enhancing 

their depressive disorders and impairing even further their psychological well-being [28, 30]. The 

prevention of this frailty will also promote a preservation of these patients’ independence and 

capacity of maintaining an active life-style. Taking that into consideration, the promotion of 

regular exercise habits may be seen as a feasible strategy to improve and maintain the physical 

health and mobility status. Several previous studies have also stated that physical exercise per 

se has the potential to relieve anxiety and depression symptoms, as well as the ability to improve 

these patients’ mood and humour [31]. 

The decreased score of emotional and mental health, as well as depression and anxiety, have 

also been associated with a negative impact on exercise and therapeutic programs’ compliance 
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from PD patients.  According to a recent study from Korea, a physical activity reinforcement 

program, based on verbal persuasion through a telephone call or a face-to-face interview for 12 

weeks, was reported to have a positive effect on exercise compliance, in terms of an increase in 

exercise frequency, duration and intensity, as well as on the depression score attributed to the 

19 patients of the interventional group, when compared to the 17 patients from the control 

group [32]. Another study by Klang et al [33], showed that patients with a better psychological 

status were more able to actively participate in their healthcare decisions and were more 

engrossed in understanding and dealing with disease specific-symptoms.   

Considering that not all of the identified risk factors for reduced physical activity levels and 

sedentarism amongst PD patients are potentially modifiable, it is fundamental to focus on 

strategies meant to enhance patients’ participation, adherence and compliance towards the 

proposed exercise-based therapeutic programs. As such, an approach aimed at the mental and 

emotional status of this population, such as education and counselling, may have the desired 

beneficial impact.  
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6. EXERCISE AND HARD CLINICAL OUTCOMES 

As aforementioned, the decreased physical capacity and the comorbid conditions secondary to 

CKD and ESKD patients such as cardiovascular diseases, diabetes mellitus, metabolic 

disturbances, frailty, inactivity and decreased mental health scores play an important role in 

determining these patients’ prognostic and survival rates. Besides that, in the later years, it has 

been given a more active thought to renal patients’ HRQoL and its social and emotional aspects 

as being major determinants concerning these same hard clinical outcomes [34]. Improvements 

in HRQoL have been seen not only as a treatment goal per se, but also as a fundamental factor 

in decreasing CKD and ESKD number of hospitalizations and mortality [21].   

This is supported by trials as the ADEMEX trial conducted by Paniagua R. et al  [35] in a large 

cohort of PD patients, according to which lower HRQoL scores had a negative impact over PD 

patients’ survival rates, as well as HRQoL improving measures had a significant predictive value 

in preventing the need of hospitalization. Comparable results on PD patients were obtained by 

Grincenkov F. et al [36], Bakewell A. et all [37] and Chan L. et al [38].  

Since it may have a beneficial impact over renal patients’ comorbidities and HRQoL, exercise-

based approaches may be of interest when addressing hard endpoints such as PD patients’ 

hospitalization needs, mortality rate and technical survival.  

However, even though this association between lower HRQoL scores and higher incidence of 

hard clinical outcomes is well-documented [39], it is still too early to establish a proper causal 

relation between the increase in patients’ exercise practice and hard adverse outcomes, so that 

further studies are needed. This may be due not only to the scarce number of trials concerning 

this matter, as well as due to the fact that most of the existing trials don’t have a follow-up 

period long enough to assess whether exercise may improve some of these discussed endpoints 

[23].  
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7. BARRIERS TO PHYSICAL EXERCISE PRACTICE IN PD PATIENTS 

Treatment compliance plays a decisive role in controlling and successful managing the 

progression of renal failure. Still, this matter is frequently overlooked by nephrologists.  Even 

though PD patients are particularly compliant, the adherence rates to exercise initiatives are 

typically lower than what would be desirable, since the PD population is often discouraged from 

participating in certain physical exercise training initiatives because of real or perceived barriers 

associated with their condition [12].  

In contrast with HD, PD is a home-treatment modality, requiring from patients a relevant degree 

of education, information and skills in managing their own condition, especially from those who 

might already lack some independence in performing their daily living activities and self-care 

needs. One of the major barriers presented by these patients is the lack of trustworthy 

information sources that may elucidate them about the best exercises they should be practicing 

and what kind of training would be most recommended in order to achieve their specific desired 

outcomes [17]. Nonetheless, this matter might be a hard question even for nephrologists, given 

the scarce evidence-based knowledge there is on the subject due to the lack of well-design 

randomized controlled trials.  

The lack of social interaction, together with the deterioration of mental health and physical 

condition, may result in poor motivation towards maintaining appropriate physical activity 

levels. As aforementioned, some studies focused on physical activity reinforcement programs 

have already reported a positive impact on exercise compliance, what makes us believe that this 

may be a good approach strategy in order to counteract this motivational issues [32]. Other 

studies have proposed that starting a new training plan with a setting of short-term supervised 

training period preceding the official home training period, would be helpful and would achieve 

higher adherence rates [23]. 

PD treatment per se may evoke some challenging and specific physical factors such as the 

amount of dialysate fluid inside the peritoneal cavity during exercise, the hygiene precautions 

that must follow the PD catheter insertion and the related risk of catheter insertion site infection 

and the risk of abdominal hernias or leaks development. Further barriers are mentioned in Table 

3 on the appendix section. The fear that comes from these potential complications is also an 

aspect to take into consideration when addressing PD patients’ compliance rates. There is 

preliminary data that looked to clarify whether physical exercise practice may actually be 

considered a risk factor to these potential concerns, however, no serious adverse effects were 

associated with exercise even in the most recent PD and exercise meta-analyses [17].   
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Leaks and hernias have been reported as two of the most common concerns by the PD 

population when an exercise-based intervention is proposed, especially when considering 

resistance training with increased abdominal pressure. So far, no research has been able to 

demonstrate a significant association between an increased risk of hernias or leaks development 

and physical exercise training. Even patients with previous personal history did not show 

evidence of further leakage or herniation following exercise [12]. In fact, some authors, such as 

Derici et al [40], have even hypothesized that reinforcing patients’ abdominal musculature 

trough specific exercises may actually prevent the incidence of hernias and leaks, nevertheless 

additional research is required [12, 41]. 

Another frequent concern is whether it is advisable or not for these patients to perform physical 

exercise involving swimming due to the potential infection risk surrounding the catheter 

insertion site, however, no study was able to provide significant data that would corroborate 

this hypothesis [42]. In most cases, patient’s self-awareness and hygiene care towards their 

catheter will play an important role in the prevention of this local infection. 

The dialysate fluid inside the peritoneal cavity during exercise practice is another PD-specific 

physical factor that deserves patients’ concern. However, there is no well-design randomized 

controlled trial that gives us trustworthy evidence that this has actually an impact on patients’ 

physical performance. Without this knowledge, nephrologists usually recommend that more 

vigorous exercises should be done when “dry”, while less strenuous activities, such as walking 

or cycling, may be performed either “dry” or “wet” [17].   

Even when contemplating these physical barriers, and even though these patients may lack from 

motivation towards exercise practice, according to a recent survey from 2019 the majority of 

patients (74%) still believed that increasing their levels of physical activity would be beneficial 

for them [43]. Higher percentages were found amongst younger patients after age-adjusting the 

results. Another factor that we must keep in mind and that may as well have an impact on 

treatment compliance are the kind of outcomes desired by the patient. Therefore, this study 

included patients from 3 different kidney replacement therapies, those being PD, home HD and 

in-center HD, and assessed which were the main goals of each group that motivated their 

exercise practice. Despite the treatment modality the major benefits desired by these ESKD 

patients were improved energy and strength. The third priority got different answers according 

to the group, with the PD group prioritizing improved sleep quality. These desired benefits were 

also adjusted according to patients’ age, what allowed the authors to infer that older patients 

were more concerned with maintaining their independence, while younger patients gave 

priority to enhancing their longevity and improving their renal transplant candidacy [43]. Still, 

ESKD patients’ recruitment, adherence to protocol, and retention in exercise trials remains low, 
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suggesting that further adjustments in these trials’ designs may be needed to better resonate 

with these patients’ physical capacity and limitations. When asked, the main reasons collected 

for the low compliance rates were fatigue, frailty, weakness and shortness of breath, followed 

by lack of a proper personalized and fitting exercise program, lack of knowledge or instructions 

and the high economic burden associated with these training campaigns or infrastructures [43]. 

If nephrologist take PD patients’ desired exercise outcomes into consideration and design their 

approaches based on them, it may improve patient recruitment, compliance and retention, both 

in terms of treatment strategies as with future randomized controlled trials. Training specificity 

must not be neglected by clinicians in order to maximize their intervention’s success rate [42]. 
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8. FUTURE DIRECTIONS  

Even though PD patients have their unique array of characteristics that set them apart from the 

HD and pre-dialysis patients, nephrologists’ ultimate goal should be that of identifying potential 

barriers and limitations that this population might find towards the proposed interventions, 

instead of assuming a reluctant posture that drives them through the defaulted conservative 

strategies. Not only it doesn’t bring any advantage in terms of avoiding additional disease 

complications, but it may also potentiate other risk factors associated with poorer disease 

outcomes, such as inactivity and sedentarism. Since each PD patients may have his own specific 

difficulties and limitations, nephrologists must be challenged to personalize and adapt their 

approach down to an individual basis.  

Nephrologist should also look to carefully advise, help and motivate patients so that they may 

fulfil an optimized quality of life according to their standards, as well as to reduce potential side 

effects both from the therapeutic interventions as from the chronic disease on its self. 

In order to improve clinicians’ response capacity further studies are definitely required. The 

adaptation of former validated exercise-related HD trials to representative samples of the PD 

population might be possible line of action in the future.  
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9. CONCLUSION 

Despite most recent evidence of a significant beneficial impact from PD patients improved 

aerobic capacity in terms of physical functioning, independence, glucose and metabolic control, 

mental health and health related quality of life, few nephrologists routinely assess their patients’ 

physical activity levels and numerous are reluctant in prescribing exercise-based strategies. 

Further investigation is needed to guide clinicians approach concerning exercise training 

frequency, intensity and type of exercise in order to have a relevant impact on specific outcomes 

according to each patient condition status.     

Furthermore, better designed randomized controlled trials with longer follow-up period and 

with more PD focused samples are needed in order to generate well-founded evidence of 

physical activity levels’ effect on hard clinical outcomes such as PD patients’ mortality rate and 

technical survival. 
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SUPPLEMENTARY FILES 

Supplementary Table 1 – Main observational studies analysed 

 

 

 

1st Author Year  Country n Physical Activity Assessment Conclusions 

Physical Functioning  

Painter 2017 USA 45 Gait speed, chair stand, 6min 
walk, ISWT, SF-36 HD patients' PF/PA ≈ PD patients' PF/PA 

As'habi 2018 Iran  79 Bioelectrical impedance analysis, 
hand grip strength 

Dynapenia ↔ ↓PA, ↑Age, ↑diabetes 
mellitus 

Cupisti 2017 Italy 151 RAPA, 30" STS chair test ↑PA  ↔ ↓MIS, ↑BCMI  

Nutritional Status 

Cobo 2015 Spain 64 Pedometer  ↑PA  ↔ ↑Nutritional Status, ↑Lean 
body mass, ↓CRP  

Wakamiya 2015 Japan 44 GNRI, accelerometer ↓PA ↔ ↓Nutritional Status 

Masuda 2009 Japan 26 Pedometer  ↑PA  ↔ ↑HDL-3C  

Hard Clinical Outcomes 

Stack  2005 Ireland 1203 USRDS 4-5/weeks PE ↔ ↑Survival 

Ming Pei 2019 Sweden 400 SF-36 ↑PA ↔ ↓ all-cause mortality 

Grincenkov 2015 Brazil 1624 SF-36 ↓HRQoL  ↔  ↓Survival 

Health-Related Quality of Life 

Uchiyama 2018 Japan 50 ISWT, handgrip and quadriceps 
strength, KDQoL-SF ↑ISWT  ↔ ↑HRQoL  

Johansen 2010 USA 1457 USRDS, Self-reporting 
questionnaire 

↓PA  ↔  ↓Physical function, 
↓Mental Health 

Bakewell 2002 UK 88 SGA, KDQoL-SF ↓Nutritional Status  ↔  ↓Physical and 
Mental health 

Table 1. PD - Peritoneal Dialysis; HD - Hemodialysis; PE - physical exercise; PA - physical activity; RAPA - rapid assessment of physical activity 
test; MIS - malnutrition-inflammation score; BCMI - body cell mass index; CRP - C-reactive protein; GNRI - Geriatric Nutritional Risk Index; 
USRDS - United States Renal Data System; HRQoL - health-related quality of life; ISWT - Incremental Shuttle Walking test; SF-36 - Short Form 
36 Health Survey; KDQoL-SF - Kidney Disease Quality of Life Short Form 
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Supplementary Table 2 – Main interventional studies analysed 

 

Author Year  Country n Intervention Follow-up 
Duration Conclusions 

Uchiyama  2019 Japan 47 Aerobic exercise and resistance training 3M ↑HRQoL, ↑Physical capacity (ISWT) 

Koufaki  2002 UK 12 Bike ergometer, 3x/week 3M ↑Peak exercise capacity (VO2 peak) 

Mustata 2005 Canada 6 Tai chi 3M ↑Physical functioning (SF-36) 

Lee 2004 Korea 19 Telephone-based PA Reinforcement Program, 
SCL-90-R 3M ↑Exercise compliance, ↓Depression  

Chi-yuen Lo 1998 China  13 Treadmill, cycling and arm ergometers,  
45-60min, 3x/week 3M ↑HRQoL, ↑Physical functioning, ↓FBS, 

↑HDL 

Shahgholian  2015 Iran 22 Cycling, 40min, 2x/week 2M ↓FBS, ↓PPBS 

Derici  2005 Turkey 3 Cycling in a supine position, 30min/daily 1M Reinforcement of the abdominal musculature 
helps leaks resolution  

Table 2. HRQoL - health-related quality of life; ISWT - incremental shuttle walking test; SF-36 - short form 36 health survey; SCL-90-R - Symptom Checklist-90-R; FBS - fasting blood sugar; 
PPBS - post-prandial blood sugar 
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Supplementary Table 3 – Most frequent barriers and limitations to physical exercise 

practice by PD patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Barriers and Limitations to Physical Exercise Practice 

Fatigue 

Frailty 

Weakness 

Shortness of breath 

Reduced physical capacity 

High economic costs 

Lack of time 

Lack of adequate exercise programs 

Fear of abdominal herniation 

Fear of abdominal dialysate leaks 

Fear of catheter site infection 

Lack of information and instructions 

Poor exercise monitoring and follow-up 

Poor motivation 
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study design; in the collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the article for publication. If the funding source(s) had no such
involvement then this should be stated.

If no funding has been provided for the research, please include the following sentence:

This  research  did  not  receive  any  specific  grant  from  funding  agencies  in  the  public,
commercial,  or  not-for-profit  sectors.

Funding body agreements and policies
Elsevier has established a number of agreements with funding bodies which allow authors to
comply with their funder's open access policies. Some funding bodies will reimburse the author
for the Open Access Publication Fee. Details of existing agreements are available online.

Open access
This  is  an  open access  journal:  all  articles  will  be  immediately  and permanently  free  for
everyone to read and download. To provide open access, this journal has an open access fee
(also known as an article publishing charge APC) which needs to be paid by the authors or on
their behalf e.g. by their research funder or institution. Permitted third party (re)use is defined
by the following Creative Commons user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)
For non-commercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided they
do not alter or modify the article.

No fee is payable by the author as publishing costs are covered by the society.

Elsevier Researcher Academy
Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers  throughout  their  research  journey.  The  "Learn"  environment  at  Researcher
Academy offers  several  interactive  modules,  webinars,  downloadable  guides  and resources  to
guide you through the process of writing for research and going through peer review. Feel free
to use these free resources to improve your submission and navigate the publication process
with ease.

Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a mixture
of these). Authors who feel their English language manuscript may require editing to eliminate
possible grammatical or spelling errors and to conform to correct scientific English may wish to
use the English Language Editing service available from Elsevier's WebShop.

Informed consent and patient details
Studies on patients or volunteers require ethics committee approval and informed consent,
which should be documented in the paper. Appropriate consents, permissions and releases
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must be obtained where an author wishes to include case details or other personal information
or images of patients and any other individuals in an Elsevier publication. Written consents
must be retained by the author and copies of the consents or evidence that such consents have
been obtained must be provided to Elsevier on request. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals.
Unless you have written permission from the patient (or, where applicable, the next of kin), the
personal details of any patient included in any part of the article and in any supplementary
materials (including all illustrations and videos) must be removed before submission.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used
in the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article
for  final  publication.  All  correspondence,  including  notification  of  the  Editor's  decision  and
requests  for  revision,  is  sent  by  e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/nefro

PREPARATION

Double-blind review
This journal uses double-blind review, which means the identities of the authors are concealed
from the reviewers, and vice versa. More information is available on our website. To facilitate
this, please include the following separately:
Title  page  (with  author  details):  This  should  include  the  title,  authors'  names  affiliations,
acknowledgements and any Declaration of Interest statement, and a complete address for the
corresponding author including an e-mail address.
Blinded manuscript (no author details): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying information, such
as the authors' names or affiliations.

Use of word processing software
It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not
use the word processor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid,
use only one grid for each individual table and not a grid for each row. If no grid is used, use
tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar
to that of conventional manuscripts (see also the Guide to Publishing with Elsevier). Note that
source files of figures, tables and text graphics will be required whether or not you embed your
figures in the text. See also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-
check' functions of your word processor.

Article structure

Subdivision - unnumbered sections
Divide your article into clearly defined sections. Each subsection is given a brief heading. Each
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heading should appear on its  own separate line.  Subsections should be used as much as
possible when cross-referencing text: refer to the subsection by heading as opposed to simply
'the text'.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Material and methods
Provide  sufficient  details  to  allow  the  work  to  be  reproduced  by  an  independent  researcher.
Methods that are already published should be summarized, and indicated by a reference. If
quoting directly from a previously published method, use quotation marks and also cite the
source. Any modifications to existing methods should also be described.

Results
Results should be clear and concise.

Discussion
This  should  explore  the  significance  of  the  results  of  the  work,  not  repeat  them.  A  combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion of
published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may
stand alone or form a subsection of a Discussion or Results and Discussion section.

Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
•  Author  names  and  affiliations.  Please  clearly  indicate  the  given  name(s)  and  family
name(s) of each author and check that all names are accurately spelled. You can add your
name between parentheses in your own script behind the English transliteration.  Present the
authors'  affiliation addresses (where the actual  work was done)  below the names.  Indicate all
affiliations with a lower-case superscript letter immediately after the author's name and in front
of  the  appropriate  address.  Provide  the  full  postal  address  of  each  affiliation,  including  the
country  name  and,  if  available,  the  e-mail  address  of  each  author.
• Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering any
future queries about Methodology and Materials. Ensure that the e-mail address is given
and that contact details are kept up to date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used for
such footnotes.



Structured abstract
A  structured  abstract,  by  means  of  appropriate  headings,  should  provide  the  context  or
background for the research and should state its purpose, basic procedures (selection of study
subjects  or  laboratory  animals,  observational  and  analytical  methods),  main  findings  (giving
specific  effect  sizes  and  their  statistical  significance,  if  possible),  and  principal  conclusions.  It
should emphasize new and important aspects of the study or observations.

The  headings  will  consist  of:  «Introduction  and  Objectives»,  «Patients  or  Materials  and
Methods», «Results» y «Conclusions».

Graphical abstract
Although a graphical abstract is optional, its use is encouraged as it draws more attention to the
online article. The graphical abstract should summarize the contents of the article in a concise,
pictorial form designed to capture the attention of a wide readership. Graphical abstracts should
be submitted as a separate file in the online submission system. Image size: Please provide an
image with a minimum of 531 × 1328 pixels (h × w) or proportionally more. The image should
be readable  at  a  size  of  5  × 13 cm using a  regular  screen resolution of  96 dpi.  Preferred file
types:  TIFF,  EPS,  PDF  or  MS  Office  files.  You  can  view  Example  Graphical  Abstracts  on  our
information  site.
Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all  technical requirements: Illustration
Service.

Highlights
Highlights  are  a  short  collection  of  bullet  points  that  convey  the  core  findings  of  the  article.
Highlights  are  optional  and  should  be  submitted  in  a  separate  editable  file  in  the  online
submission  system.  Please  use  'Highlights'  in  the  file  name  and  include  3  to  5  bullet  points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights
on our information site.

Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using British spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be
sparing  with  abbreviations:  only  abbreviations  firmly  established  in  the  field  may  be  eligible.
These keywords will be used for indexing purposes.

Abbreviations
Define abbreviations  that  are  not  standard in  this  field  in  a  footnote to  be placed on the first
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at
their  first  mention  there,  as  well  as  in  the  footnote.  Ensure  consistency  of  abbreviations
throughout  the  article.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise. List
here those individuals who provided help during the research (e.g., providing language help,
writing assistance or proof reading the article, etc.).
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Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United
States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college, or other
research institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This  research  did  not  receive  any  specific  grant  from  funding  agencies  in  the  public,
commercial,  or  not-for-profit  sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI).
If other units are mentioned, please give their equivalent in SI.

Artwork

Image manipulation
Whilst  it  is  accepted  that  authors  sometimes  need  to  manipulate  images  for  clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse and will
be dealt with accordingly. For graphical images, this journal is applying the following policy: no
specific feature within an image may be enhanced, obscured, moved, removed, or introduced.
Adjustments of brightness, contrast, or color balance are acceptable if and as long as they do
not obscure or eliminate any information present in the original. Nonlinear adjustments (e.g.
changes to gamma settings) must be disclosed in the figure legend.

Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Embed the used fonts if the application provides that option.
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol,
or use fonts that look similar.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Provide captions to illustrations separately.
• Size the illustrations close to the desired dimensions of the published version.
• Submit each illustration as a separate file.
A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel)
then please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized,  please  'Save  as'  or  convert  the  images  to  one  of  the  following  formats  (note  the
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resolution  requirements  for  line  drawings,  halftones,  and  line/halftone  combinations  given
below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000
dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum
of 500 dpi.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have
a low number of pixels and limited set of colors;
• Supply files that are too low in resolution;
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or
MS  Office  files)  and  with  the  correct  resolution.  If,  together  with  your  accepted  article,  you
submit usable color figures then Elsevier will ensure, at no additional charge, that these figures
will  appear in color online (e.g.,  ScienceDirect and other sites). Further information on the
preparation of electronic artwork.

Illustration services
Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned  about  the  quality  of  the  images  accompanying  their  article.  Elsevier's  expert
illustrators can produce scientific, technical and medical-style images, as well as a full range of
charts, tables and graphs. Image 'polishing' is also available, where our illustrators take your
image(s)  and  improve  them  to  a  professional  standard.  Please  visit  the  website  to  find  out
more.

Figure captions
Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of the
illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and
abbreviations used.

Text graphics
Text graphics may be embedded in the text at the appropriate position. See further under
Electronic artwork.

Tables
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body.
Be sparing in the use of tables and ensure that the data presented in them do not duplicate
results described elsewhere in the article. Please avoid using vertical rules and shading in table
cells.

References
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Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with
either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Reference links
Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such
as Scopus,  CrossRef and PubMed, please ensure that data provided in the references are
correct.  Please  note  that  incorrect  surnames,  journal/book  titles,  publication  year  and
pagination may prevent link creation. When copying references, please be careful as they may
already contain errors. Use of the DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full
citation details are not yet known, but the article is available online. A DOI is guaranteed never
to change, so you can use it as a permanent link to any electronic article. An example of a
citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E.,
Ambeh W.B.,  Franke M.  (2003).  Aseismic  continuation of  the Lesser  Antilles  slab beneath
n o r t h e a s t e r n  V e n e z u e l a .  J o u r n a l  o f  G e o p h y s i c a l  R e s e a r c h ,
https://doi.org/10.1029/2001JB000884i. Please note the format of such citations should be in the
same style as all other references in the paper.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed.
Any further information, if known (DOI, author names, dates, reference to a source publication,
etc.), should also be given. Web references can be listed separately (e.g., after the reference
list) under a different heading if desired, or can be included in the reference list.

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing
them in your text and including a data reference in your Reference List. Data references should
include the following elements: author name(s), dataset title, data repository, version (where
available), year, and global persistent identifier. Add [dataset] immediately before the reference
so  we  can  properly  identify  it  as  a  data  reference.  This  identifier  will  not  appear  in  your
published  article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any
citations in the text) to other articles in the same Special Issue.

Reference management software
Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation Style
Language styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor

http://citationstyles.org
http://citationstyles.org
http://www.mendeley.com/features/reference-manager


plug-ins from these products, authors only need to select the appropriate journal template when
preparing their article, after which citations and bibliographies will be automatically formatted
in the journal's style. If no template is yet available for this journal, please follow the format of
the sample references and citations as shown in this Guide.

Reference style
Text: Indicate references by superscript numbers in the text. The actual authors can be referred
to, but the reference number(s) must always be given.
List: Number the references in the list in the order in which they appear in the text.
Examples:
Reference to a journal publication:
1. Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51–9.
Reference to a book:
2. Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:
3. Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS,
Smith RZ, editors.  Introduction to the electronic age,  New York: E-Publishing Inc;  2009, p.
281–304.
Reference to a website:
4 .  C a n c e r  R e s e a r c h  U K .  C a n c e r  s t a t i s t i c s  r e p o r t s  f o r  t h e  U K ,
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/; 2003 [accessed 13
March 2003].
Reference to a dataset:
[dataset] 5. Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt
d isease  and  surrounding  forest  composi t ions,  Mendeley  Data,  v1;  2015.
https://doi.org/10.17632/xwj98nb39r.1.
Note shortened form for last page number. e.g., 51–9, and that for more than 6 authors the first
6  should  be  listed  followed  by  'et  al.'  For  further  details  you  are  referred  to  'Uniform
Requirements  for  Manuscripts  submitted  to  Biomedical  Journals'  (J  Am  Med  Assoc
1997;277:927–34)(see  also  Samples  of  Formatted  References).

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article
are strongly encouraged to include links to these within the body of the article. This can be
done in the same way as a figure or table by referring to the video or animation content and
noting in the body text where it should be placed. All submitted files should be properly labeled
so  that  they  directly  relate  to  the  video  file's  content.  In  order  to  ensure  that  your  video  or
animation  material  is  directly  usable,  please  provide  the  file  in  one  of  our  recommended  file
formats with a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation
files  supplied  will  be  published online  in  the  electronic  version  of  your  article  in  Elsevier  Web
products,  including  ScienceDirect.  Please  supply  'stills'  with  your  files:  you  can  choose  any
frame from the video or animation or make a separate image. These will be used instead of
standard icons and will personalize the link to your video data. For more detailed instructions
please visit our video instruction pages. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print
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version for the portions of the article that refer to this content.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with
your article to enhance it. Submitted supplementary items are published exactly as they are
received  (Excel  or  PowerPoint  files  will  appear  as  such  online).  Please  submit  your  material
together with the article and supply a concise, descriptive caption for each supplementary file.
If you wish to make changes to supplementary material during any stage of the process, please
make sure to provide an updated file.  Do not annotate any corrections on a previous version.
Please switch off the 'Track Changes' option in Microsoft Office files as these will appear in the
published version.

RESEARCH DATA
This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles.  Research
data refers to the results of observations or experimentation that validate research findings. To
facilitate  reproducibility  and  data  reuse,  this  journal  also  encourages  you  to  share  your
software, code, models, algorithms, protocols, methods and other useful materials related to
the project.

Below are a number of ways in which you can associate data with your article or make a
statement about the availability of your data when submitting your manuscript. If  you are
sharing data in one of these ways, you are encouraged to cite the data in your manuscript and
reference list. Please refer to the "References" section for more information about data citation.
For  more  information  on  depositing,  sharing  and  using  research  data  and  other  relevant
research materials, visit the research data page.

Data linking
If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with relevant repositories, giving readers access to underlying data that give
them a better understanding of the research described.

There are different ways to link your datasets to your article.  When available, you can directly
link your dataset to your article by providing the relevant information in the submission system.
For more information, visit the database linking page.

For supported data repositories a repository banner will  automatically appear next to your
published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data (including raw
and processed data, video, code, software, algorithms, protocols, and methods) associated with
your manuscript in a free-to-use, open access repository. Before submitting your article, you
can deposit the relevant datasets to Mendeley Data. Please include the DOI of the deposited
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dataset(s)  in  your  main  manuscript  file.  The  datasets  will  be  listed  and  directly  accessible  to
readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement
To  foster  transparency,  we  encourage  you  to  state  the  availability  of  your  data  in  your
submission. This may be a requirement of your funding body or institution. If your data is
unavailable to access or unsuitable to post, you will have the opportunity to indicate why during
the  submission  process,  for  example  by  stating  that  the  research  data  is  confidential.  The
statement will appear with your published article on ScienceDirect. For more information, visit
the Data Statement page.

AFTER ACCEPTANCE

Proofs
One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the  e-mail  so  that  authors  can  download  the  files  themselves.  Elsevier  now  provides  authors
with PDF proofs which can be annotated; for this you will need to download the free Adobe
Reader,  version  9  (or  higher).  Instructions  on  how  to  annotate  PDF  files  will  accompany  the
proofs (also given online). The exact system requirements are given at the Adobe site.
If you do not wish to use the PDF annotations function, you may list the corrections (including
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any
other comments (including replies to the Query Form) on a printout of your proof and scan the
pages and return via e-mail. Please use this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and figures. Significant changes to the article
as accepted for publication will only be considered at this stage with permission from the Editor.
We will  do  everything possible  to  get  your  article  published quickly  and accurately.  It  is
important to ensure that all corrections are sent back to us in one communication: please check
carefully before replying, as inclusion of any subsequent corrections cannot be guaranteed.
Proofreading is solely your responsibility.

Offprints
The corresponding author will be notified and receive a link to the published version of the open
access article on ScienceDirect. This link is in the form of an article DOI link which can be
shared via email  and social  networks. For an extra charge, paper offprints can be ordered via
the  offprint  order  form  which  is  sent  once  the  article  is  accepted  for  publication.  Both
corresponding and co-authors may order offprints at any time via Elsevier's Webshop. Authors
requiring printed copies of multiple articles may use Elsevier Webshop's 'Create Your Own Book'
service to collate multiple articles within a single cover.

AUTHOR INQUIRIES
Visit  the  Elsevier  Support  Center  to  find  the  answers  you  need.  Here  you  will  find  everything
from Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article
will be published.
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