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Objectives: High intensity exercise in individuals post solid organ transplant (SOT) remains a largely understudied phenomenon, with potential risks and benefits. Additionally, the optimal training protocols are still unclear. This narrative review aimed to explore the impact of high-intensity exercise training and strenuous sports on solid organ transplant recipients (SOTRs).



Methods: We conducted a narrative review of intervention studies of any design that included high-intensity exercise training and cross-sectional studies of strenuous sports and activities. Additionally, we reviewed individual reports documenting post-SOT performance at highly competitive or physiological levels. We used MEDLINE to search for relevant articles followed by a manual search for additional articles. Data were extracted and results were summarized.



Results: High-intensity and strenuous exercise appears to be safe among stable SOTRs. High-intensity protocols consistently demonstrated improvements in VO2peak and a reduction in coronary artery disease prevalence, though findings related to body composition, health-related quality of life outcomes, and cardiovascular exercise variables were inconsistent. Pre-transplant athletes showcase notable achievements and physiological adaptations post-transplantation, highlighting the capacity for athletic performance among this population. However, caution is warranted in interpreting the findings from these studies due to limitations in generalizability and other methodological limitations.



Conclusion: As evidenced by current literature, high intensity exercise emerges as a promising exercise method for safely improving various physiological parameters, and reducing the prevalence of coronary heart disease in SOTRs. It can induce similar or greater effects to moderate intensity exercise, however follow-up studies indicate low retention. Further research of higher methodological rigor is warranted in this field to advance understanding, and to guide evidence-based practice.
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1 Introduction

Solid organ transplant (SOT) allows for an enhanced quality of life for individuals with end-stage organ failure (1). However, Immunosuppressive medications used for post-transplant management have several side effects including, increased infection risk, reduced cardiopulmonary function and muscle strength, increased osteoporosis and risk fracture, and increased obesity prevalence (2, 3).

Furthermore, depression affects up to 60% of solid organ transplant recipients (SOTRs) and is associated with increased medication non-compliance and graft loss (4). These negative side effects can be counteracted with exercise as it has been shown to lower psychological stress, increase cardiovascular capacity, and increase bone mineral density in the general and osteoporotic population (5, 6). While moderate intensity exercise offers clear benefits in the factors related to common health risks. The safety and efficacy of high intensity exercise programs remains understudied and has sparked considerable debate and deliberations within the transplant community (7, 8). High-intensity training, defined as a workload of 85% or more of an individual’s VO2max, can yield comparable or superior results compared to moderate-intensity exercise (workload of 60%–80% of an individual's VO2max) within the general population (9–11). High intensity training has demonstrated enhancement of cardiovascular function, bone strength, immune function, body composition, and physical capacity in patients with coronary artery disease, heart failure, and immune system dysregulation (12). High intensity interval training (HIIT) is associated with greater enjoyability, and time efficiency compared to moderate intensity exercise. It has prompted researchers and clinicians to explore its potential application in the rehabilitation and fitness regimens of SOTRs (9, 12). However, HIIT (exercise involving short bursts of intense exercise) and strenuous exercise (activities lasting over 90 min with high cardiovascular demands) have immunosuppressive effects in healthy populations which may pose a potential risk for SOTRs (13). The combination of their immunosuppressive medication with the additional immunosuppressant effects of exhaustive exercise could heighten susceptibility to infections, presenting a significant concern (14).

Some SOTRs embrace vigorous exercise regimens, despite the challenges they may entail. Organizations such as the World Transplant Games Federation, Canadian Transplant Games and Transplant Sports, emphasize the importance of maintaining an active and healthy lifestyle post-Transplant. They promote participation in sports and activities that can be physically demanding for some SOTRs (7, 15). Evidence from surveys conducted among participants in the Canadian Transplant Games reveals a strong desire for structured training programs. A significant proportion of participants expressed interest in general conditioning programs to enhance physical preparedness (15). In response to these findings, the development of tailored pre-competition training programs emerges as a potential strategy to incentivize participation and facilitate higher training intensities.

However, these programs still need to be developed and undergo testing to determine their efficacy and safety. For example, in a self-perspective written by a kidney transplant recipient, they describe their uncertainty in which training regimens to undertake in order to begin competitively swimming (16). Establishing comprehensive and personalized training guidelines can offer valuable support to transplant recipients aiming to engage in athletic pursuits, ensuring both their safety and optimal performance.

Given the nuanced nature of SOT, which involves variables such as the specific organ transplanted, the recipient's pre-transplant exercise capacity level, the complexity of immunosuppressive drug protocols, and the presence of comorbidities, participation in high-intensity exercise protocols warrants careful scrutiny. This narrative review aims to explore the impact of high-intensity exercise protocols and strenuous sports on SOTRs, while prioritizing safety. We conducted a comprehensive review of the physiological and health related quality of life, clinical outcomes, and safety considerations associated with high intensity training interventions or strenuous sporting activities among this distinctive population.



2 Methods

A systematic search of MEDLINE along with a manual search from inception to January 18, 2024 was conducted. The key words and subject headings used are presented in Table 1. We included intervention studies of any design that included high-intensity exercise training in SOTRs. High-intensity exercise was defined as physiological intensities of vigorous to maximal effort (HRR >60 bpm, HRmax > 77%, VO2max > 64%, RPE > 14) (17). High intensity interval training (HIIT) was also considered and is typified by periods of short bursts of intense exercise, followed by rest periods. We also included cross-sectional and case studies of strenuous sports and activities performed by SOTRs. Strenuous sports were defined as activities lasting more than 90 min involving challenging tasks such as, steep altitude accession, prolonged physical exertion, or high cardiovascular demand. Outcomes of interest were: VO2peak, endothelial function and inflammatory markers, blood pressure, cardiopulmonary exercise variables, physical activity and sedentary time, body composition, health related quality of life, immunological response, inflammation and kidney response, and implications of strenuous altitude ascension.


TABLE 1 Medline keywords.
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3 Findings and discussion

The search from MEDLINE produced 100 articles (Figure 1) with no duplicates, and 37 full text articles were reviewed by 1 author (A.K) for eligibility in which 16 met the criteria. An additional 18 articles were identified through manual searches, resulting in 34 articles in total. Overall, 17 high intensity (Table 2), 6 strenuous sports and activities (Table 3) and 9 individual reports of post-SOT performance at highly competitive or physiological levels (Table 4) were retrieved.
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FIGURE 1
Prisma flow diagram.



TABLE 2 High intensity interval training.

[image: Table 2]


TABLE 3 Strenuous exercise.
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TABLE 4 Case studies.
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3.1 Overview of the studies offering high intensity exercise


3.1.1 Vo2peak

When comparing HIIT against moderate intensity continuous exercise (MICT) protocols, or standard care, HeartTx (Tx = transplantation) recipients have demonstrated a significantly greater mean improvement in VO2peak throughout all studies with HIIT (HIIT; + 4.17 ml/kg/min, Control; + 2.07 ml/kg/min,) (19, 20, 23, 28, 46). However, high baseline VO2peak values in Nytroen et al. 2012 may reflect bias in the population chosen (20). A 1-year follow up of participants from Nytroen et al. 2012 found the favorable increases in VO2peak within the HIIT group persisted, (HIIT; + 3.2 ml/kg/min, Control; 0 ml/kg/min), with a statistically significant between group difference (21). Although, 5-years later the HIIT abstinence resulted in a loss of the improvement in VO2peak, suggesting the importance of maintaining a HIIT exercise routine (22). A 3-year follow up of Nytroen et al. (23) which compared HIIT to MICT demonstrated that the HIIT group kept their superior effects compared to the MICT group, but this difference was not significant between groups (24). In LungTx recipients, HIIT increased VO2peak but this was not a significant improvement compared to the standard care group. This may be attributed to the little adherence to the exercise protocol within the HIIT group (26). These benefits appear to be the greatest if the intervention is undertaken within 2 years after Tx (26). This highlights the importance of implementing interventions aimed at preserving, or improving aerobic fitness early in the post-transplant period, which may consequently decrease coronary heart disease risk. In a single armed intervention including LungTx, HeartTx, KidneyTx, and LiverTx recipients, HIIT showed a significant overall increase in VO2peak (+3.2 ml/kg/min), with the greatest increase in HeartTx recipients (+4.6 ml/kg/min) (30). There was no significant increase in VO2peak within LiverTx recipients which could be due to their high baseline values and their steroid free regimen (30). Billany et al. on the other hand found a greater increase with MICT (+3.72 ml/kg/min) compared to HIIT A (+2.78 ml/kg/min) and HIIT B (+2.83 ml/kg/min) in KidneyTx recipients (32). However, this may be attributed to their higher-than-normal baseline VO2peak values compared to HIIT A and HIIT B (HIIT A: 30 min of 4-, 2-, and 1-min intervals; 80%–90% watts at V̇O2peak with 2 min active rest; HIIT B: 30 min of 4 × 4 min intervals at 80%–90% V̇O2peak with 3 min rest and 5 min active stage). While HIIT holds promise for improving cardiovascular health markers such as VO2peak in SOTRs, particularly early post-transplant, there is a need to explore long-term adherence and the effects of diverse high intensity exercise protocols across different transplant types. Additionally, determining optimal training protocols remains an area necessitating further investigation.



3.1.2 Endothelial function and inflammatory biomarkers

In HeartTx recipients, cardiac allograft vasculopathy emerges as a progressive atherosclerotic manifestation (47). Unlike typical atherosclerosis, cardiac allograft vasculopathy distinguishes itself by the thickening of the inner arterial wall, and a widespread constriction of smaller blood vessels leading to elevated rates of health complications and mortality (48). Studies have shown physical activity to offer atheroprotective effects, with HIIT demonstrating even greater benefits in populations with coronary artery disease (20, 47). This is by way of reduction in chronic inflammation which is associated with endothelial dysfunction, and increased formation and progression of atherosclerotic plaques (49). An 8-week HIIT intervention in HeartTx recipients significantly increased flow mediated dilation of the brachial artery compared to sedentary individuals, (HIIT; + 3.1%, Control; + 0.3%) with a statistically significant difference between control and intervention groups (19). The patients were although treated with vasodilators which could interfere with the effect of exercise on flow mediated dilation making it more challenging to draw concrete conclusions (19). Likewise, 12 weeks of high intensity supervised exercise training did not have an impact on brachial artery endothelial-dependent, or -independent vasodilation compared to no training (46). Interestingly, when compared to MICT, HIIT does not seem to elicit significantly greater improvements in flow mediated dilation, arterial stiffness, and endothelial function (23, 28). Modulation of low-grade inflammation in HeartTx recipients by exercise training could have a positive impact on endothelial function, and potentially, long-term outcomes (19). Yet, the superior effects of HIIT compared to MICT or usual care on the reduction of inflammatory biomarkers yields mixed results. In comparison to MICT, HIIT shows no significant effect on inflammatory activity including, tumor necrosis factor-alpha, orosomusciod, interleukin 6, and interleukin 10, or adiponectin levels in HeartTx or KidneyTx recipients (29, 33, 50). However, when compared to sedentary controls, HIIT resulted in a significantly greater mean reduction in inflammatory responses in HeartTx recipients (19). These included, high-sensitivity c-reactive protein (HIIT; −0.60 mg/ml, Control; −0.27 mg/ml) and pro-atrial natriuretic peptide (HIIT; −73.2 nmol/ml, Control; −12.1 nmol/ml) (19). Using intravascular ultrasound analysis 3 months post innervation, Nyotrean et al. found HIIT among maintenance HeartTx recipients resulted in a significantly slowed rate of cardiac allograft vasculopathy progression compared to usual care (50). This was evident by a significantly smaller mean increase the percent atheroma volume (PAV) (HIIT; + 0.9%, Control; + 2.5%), and total atheroma volume (TAV) (HIIT; 0.3 mm3/mm, Control; 1.1 mm3/mm) with significant differences between the groups (50). It should be noted that baseline intravascular ultrasound parameters were numerically higher in the control group at baseline suggesting population homogeneity was not met (50). A 3-year follow-up showed mild cardiac allograft vasculopathy in the HIIT group remained stable (5 n), while the control group saw a decrease (8 to 7 n). Similar results were evident when HIIT was compared to usual care during a 5-year follow-up (22, 24). The effects were lost in parallel to decline in VO2peak suggesting a potential need for exercise maintenance (22). However, conflicting evidence exists. A 6-month intervention in HeartTx recipients comparing HIIT to MICT found a greater cardiac allograft vasculopathy prevalence following exercise, increasing by 50% in both groups at follow up (HIIT; 4–8 n, MICT; 6–12 n) (31). These findings may potentially be explained by the usage of coherence tomography which produces images with 10 times the spatial resolution of intravascular ultrasound, providing a clear delineation of the arterial vessel and in vivo vessel histological analysis (51). Additionally, while physical activity offers well-documented cardiovascular benefits, these advantages may follow a curvilinear dose-response relationship. Engaging in exercise beyond an “optimal dose” in terms of duration and intensity could potentially increase the risk of coronary plaque development, but this remains debated with inconclusive data (52, 53). Given the elevated cardiovascular risk in SOTRs, stricter pre-participation screening, including cardiopulmonary exercise testing, functional imaging, and potentially coherence tomography scans may be warranted before engaging in vigorous exercise (54). Furthermore, the atheroprotective benefits of HIIT and MICT seem to coincide, while HIIT only shows superior effects compared to usual care or sedentary protocols.



3.1.3 Blood pressure

Hypertension and its clinical complications are common amongst SOTRs with a prevalence of 50%–80% (55). In healthy subjects, regular cardiovascular exercise has been shown to lower resting blood pressure. The heart is strengthened allowing for a greater volume of blood to be pumped with less effort (17). A HITT intervention compared to sedentary controls in HeartTx recipients significantly reduced resting systolic blood pressure (HIIT; −15 mmHg, Control; + 1 mmHg) (19). No significant changes were evident in either group for resting diastolic blood pressure (19). When compared to MICT, HIIT again induced a greater reduction in systolic blood pressure in HeartTx recipients, but these differences were again not statistically significant (28). Likewise, no changes in diastolic blood pressure were evident (28). However, these studies should be interpreted with caution as they were not powered to detect changes in blood pressure (19, 28). In KidneyTx recipients both MICT and HIIT interventions led to an overall decrease in systolic blood pressure (−6 mmHg) with the greatest decrease in MICT (−10 mmHg) (32). Unlike the previous studies diastolic blood pressure also decreased overall (−5 mmHg) with the greatest decrease in MICT (−8 mmHg). This may be explained by group heterogeneity as the MICT group had higher baseline values (32). It should be noted that hypertensive individuals should take precaution when engaging in high intensity exercises as it induces a sudden spike in blood pressure (8). The combination of high blood pressure and the intense stress of HIIT can increase the risk of cardiovascular events such as myocardial infarctions and strokes (11). Hypertensive SOTRs should do their due diligence in regular blood pressure monitoring and talk to their physician regarding potential medication alteration before engaging in HIIT.



3.1.4 Cardiopulmonary performance variables

An improvement in cardiopulmonary variables through exercise is crucial for SOTRs due to its significant implications for cardiovascular health. Enhanced heart rate response, increased cardiac output, and improved systolic function are indicators of improved cardiovascular fitness, which can mitigate the risk of cardiovascular complications post-transplantation (56). Furthermore, these responses are often blunted in SOTRs, especially in HeartTx recipients (56). For individuals aspiring to compete recreationally or professionally, optimizing these variables through exercise interventions becomes not just desirable, but imperative. Dall et al. reported a greater increase in heart rate peak with HIIT (+4.3 bpm), contrasting with MICT (+1.2 bpm) in HeartTx recipients (28). Additionally, HIIT exhibited a significant decrease in resting heart rate with no change in the MICT exercise group, and no significant between group differences (28). Heart rate reserve had a marginal increase with HIIT (+5.3 bpm), but not with MICT (+0.7 bpm) while showing a significant between group difference (28). When compared to MICT, HIIT did not result in significantly greater improvements in cardiac output, VE/VCO2slope, ejection fraction, left ventricular end-diastolic diameter, heart rate max, peak heart rate, heart rate reserve, and left ventricular end-systolic diameter (23). These results remained consistent during a 3-year follow-up (22). However, in comparison to usual care, HIIT resulted in a significant increase in peak heart rate (+4 bpm) with no change in the control group (0 bpm), and a significant in between group difference 1 year post intervention in HeartTx recipients (21). Moreover, HIIT improved left ventricular movement but did not have a major impact on diastolic function (21). This suggest that while HIIT might improve some aspects of left ventricular function in HeartTx, it likely does not directly enhance the heart muscles contractility or significantly increase the amount of blood pumped per beat (24). Haywosky et al. found during rest and exercise, HIIT did not result in significant changes in cycle exercise end-diastolic cavity area, end-systolic cavity area, stroke area and area ejection fraction after 12 weeks of supervised exercise training or no training in HeartTx recipients (46). In KidneyTx recipients both HIIT and MICT were able to decrease resting heart rate in all interventions by (−5 bpm) with the greatest decrease in HIIT B (−11 bpm) (32). Stroke volume had an overall increase (+3.59 ml/beat) in all interventions with HIIT B having the highest increase (+3.77 ml/beat) (32). Cardiac output had an overall decrease (+0.52 ml/beat) but only significantly increased in HIIT A (+0.07) (32). Moreover, total peripheral resistance decreased overall (−110.74 dyn s cm5), with the greatest decrease in MICT (−37.08 dyn s cm5) (32). In an intervention comparing all transplant groups, peak heart rate, and VE/VCO2 slope did not change within any of the groups, while resting heart rate did decrease significantly (−4.7 bpm) (30). LungTx and KidneyTx had the greatest drop in resting heart rate (−5.9 bpm and −4.4 bpm, respectively) (30). HIIT appears to be a promising strategy for improving some aspects of cardiovascular health in SOTRs. Literature shows significant increases in peak heart rate, and heart rate reserve following HIIT compared to controls in SOTRs. Additionally, HITT may improve left ventricular annular systolic displacement, indicating better overall heart movement. However, the impact on other key markers seems less consistent.



3.1.5 Physical activity and sedentary time

A significant proportion of SOTRs struggle to meet recommended physical activity levels (9), and HIIT may present a potential solution. HIIT is time efficient and has demonstrated greater enjoyability compared to traditional exercise throughout the general active population (57). This could lead to increased adherence and reduced sedentary time which remains a problem in the SOT population (58). However, existing research on the impact of HIIT on daily physical activity in SOTRs paints a complex picture. Follow-up studies 1- and 5-years post HIIT in HeartTx recipients demonstrated that most of the participants only engaged in moderate-intensity daily activity levels (30–60 min) (21, 22, 24). Similarly, Ulvestad et al. found no significant difference in physical activity or sedentary time among LungTx recipients following HIIT or usual care (32). Likewise, in KidneyTx both HIIT and MICT led to an increase in physical activity levels post intervention but without significant between group differences (32). A cycling and hiking intervention consisting of HeartTx, LungTx, KidneyTx, and LiverTx recipients found the continuation of a physically active lifestyle in sedentary transplant recipients will require physical activity and exercise interventions tailored closely to their needs (34). The intervention led to an increase in physical activity at follow-up but the results should be interpreted with caution as social desirability bias might have inflated self-reported data in some studies (24, 34). The current evidence regarding the effect of HIIT on daily physical activity and sedentary time in SOTRs is inconclusive. While HIIT holds promise for promoting activity in this population, retention of HIIT seems to be minimal. Studies provide supervision and group cohesivity which can bolster motivation. Further research needs to focus on how to translate these factors post interventions to address adherence challenges.



3.1.6 Body composition

Post-SOT patients are often prescribed corticosteroid medication and calcineurin inhibitors which are associated with muscle atrophy and osteoporosis (59). This is most prevalent after LungTx as they have a 12%–15% bone mineral density reduction within the first 2 months (60). This entails a higher incidence of fractures at four to five times compared to the general population (61, 62). Likewise, by 12 months post-transplant, there is a trend indicating higher proportion of overweight or obese individuals among transplant recipients as categorized by the World Health Organization guidelines: kidney (53.4%), liver (51.5%), heart (51.7%), and lung (33.1%) (63). HIIT combined with strength training in LungTx and HeartTx recipients led to increased trabecular bone score of the lumbar spine density, increased total body mass and leg lean tissue mass, and decreased subcutaneous fat compared to usual care (27, 46). However, other body composition measures such as lean body mass, bone mineral density, and fat body mass did not differ significantly from standard care (27, 46). This was coupled with greater increases in the HIIT group's leg press, quadriceps, hamstrings, and chest press maximal strength. However, there were no significant differences between groups or changes in arm curl or latissimus dorsi pulldown (20, 27, 46). In various transplant groups (heart, lung, kidney, liver) HIIT significantly decreased body weight (−1.1 kg) and BMI (−0.4 kg/m2), while increasing Wmax (maximal work capacity) in all groups (+12.8 W) (30). Nytroen et al. 2019 found no significant differences in any body composition measures between HIIT and MICT in HeartTx recipients, with these results persisting over several years (22, 23). Moreover, HIIT participants showed a significantly higher mean change in muscular exercise capacity (muscles ability to generate force and sustain effort over a period of time) 1 year post intervention, but these results were not significant 5 years later (21, 22, 24). Body composition and HIIT in KidneyTx recipients showed contradicting results, with one study finding increased body fat (+0.83%), BMI (+0.10 kg/m2), and decreased lean muscle mass (−0.45 kg) after both HIIT and MICT, highlighting potential exercise intensity-dependent effects (32). While HIIT shows promise in potentially improving bone health and muscle mass in some SOTR, the results across studies are inconsistent. Regular screening practices and bone mineral density measurements should be undertaken in SOTRs wishing to participate in high intensity endeavors that require high impact.



3.1.7 Health-related quality of life

In SOTRs, a higher perceived health related quality of life (an individual's perceived physical and mental health over time) has been associated with greater motivation to adhere to medication schedules, follow-up appointments, and healthy lifestyle changes (64). This can lead to better long-term graft survival and overall health (64). HIIT interventions have demonstrated significant improvements in physical and mental health, and overall health related quality of life (small-to-moderate effect size) in clinical and non-clinical populations (65). Notably HIIT appears to be equally effective as MICT in enhancing health related quality of life, offering a time-efficient alternative in the general population (65). A 12-month intervention in HeartTx recipients comparing HIIT and usual care found no significant changes in health-related quality of life (20). However, a 9-month exercise protocol in HeartTx recipients showed both HIIT and MICT groups increased anxiety but decreased depression, but these results were not significantly different between groups (23). Likewise, there was a significant increase in PCS scores within both groups, but this was not significantly different between groups (23). The same participants 3 years later significantly increased physical functioning and role scores (25). Vitality only significantly increased in MICT group, while only the HIIT group significantly increased in role emotional with a significant in between group difference (25). Compared to usual care, 5 years post a HIIT intervention, HIIT had higher scores in all variables as assessed by the SF-36 version 2 but only the role physical score was significantly higher (24). All patients showed higher depression rates from baseline to 5-year follow-up with but with no between group differences. Anxiety decreased in the HIIT group (−1%) and increased in the control (+9%) group but these differences were not significant (24). LungTx recipients undergoing HIIT scored significantly greater on the SF-36 MCS compared to usual care (32). Both HIIT and continuous moderate exercise led to significant improvements in physical function, energy and general health, while reducing markers of anxiety and depression (32). None of these variables showed between group differences and had a significant loss of their positive responses during the washout period (29). In various transplant groups (lung, heart, kidney, liver) participating in hiking and cycling, the exercises initially led to significantly improved health-related quality of life and mental health scores compared to the transplant control group. However, the benefits were not sustained in the long term (25). Additionally, seasonal variations appeared to influence the results, with some improvements observed before or after the summer months. Despite some transient improvements, stress levels remained largely unchanged across all groups (25). Long-term follow-up studies present mixed findings: some show sustained improvements in specific health related quality of life domains like physical functioning and role emotional, while others observe no significant differences between HIIT and control groups. Most of these studies although had missing participants at follow-up and lacked disease specific HRQOL questionnaires which could have been more sensitive in detecting differences between groups.




3.2 Overview of the studies including strenuous sports and exercises


3.2.1 Immunological response

Research conducted in healthy populations has demonstrated that prolonged exercise exceeding 60% of VO2peak can induce transient immunosuppression (66). These consequences are further amplified for SOTRs who can experience slower recovery time from infections, potentially leading to serious illnesses, or worse, organ rejection due to their already immunosuppressed state (67). This is by way of reduction in leukocyte function and alteration in inflammatory parameters (68). KidneyTx recipients undergoing a cycling tour spanning over 300 km revealed a small relative increase in neutrophils compared to controls with a majority of cell activation being found in cell metabolism while genes related to immune function were not expressed (68). When bacterial endotoxin was introduced to their blood sample after exhausting exercise, 86 up-regulated and 4 down-regulated genes were detected in transplant recipients, while 151 up regulated and 18 differentiated downregulation genes were detected in controls (35). Immune response genes were immediately overrepresented in the control group and the KidneyTx recipients had an overrepresentation of apoptotic genes (35). The immune system in SOTR seems to be impaired by the effect of exhausting exercise, pathogen contact and additionally by the immunosuppressive medication (35). This could lead to an increased risk of infection in transplant recipients with potential cell damage and its consequences after exhaustive exercise (35). More research is needed for a definite conclusion, but if strenuous exercise does further transiently suppress SOTRs immune function, a reduction in medication dosage before engaging in the strenuous activity should be evaluated.



3.2.2 Inflammation and kidney function

A 130 km cycling race in KidneyTx, LungTx, and HeartTx recipients found marathon cycling induced similar inflammation effects compared to healthy individuals (36). When compared to sedentary SOTRs, they had lowered circulating concentration of certain proflogisitc indexes, indicating reduced systemic inflammation (36). Data regarding the functional kidney adaptations that occur during intense and prolonged physical exercise in SOTRs receiving immunosuppressive therapy with nephrotoxic effects remains understudied (69). Mosconi et al. found SOTRs displayed similar positive trends in renal function blood values compared to healthy controls except for urine specific gravity (37). Kidney function seemed to fail in concentrating urine at the peak intensity of the race, and this difference was again more evident 18–24 h after. This was attributed to possible tubular impairment, but overall, it was determined that SOTRs with no cardiovascular contraindications can safely participate in a long-distance road cycling race without acute signs of kidney damage (37).



3.2.3 Strenuous altitude ascension

LungTx and LiverTx recipients have successfully summited high-altitude peaks such as Kilimanjaro (Tanzania) and Jebel Toubkal (Morocco) (38, 39). At their peaks at 5,895 m and 4,167 m above sea level, acute mountain sickness had a high prevalence rate among as ascenders at around 80% (38, 39). Functional pulmonary tests, echocardiographic and vital parameters all displayed similar results to healthy controls which is a favourable indication. However, LungTx recipients displayed poorer cardiopulmonary performance in the 6-minute walk test and the lack of right ventricular cardiac adaptation may indicate underlying autonomic dysregulation (38). It also should be noted that high altitude exposure could have a negative impact on the kidneys as hypoxia may trigger the development of acute and chronic kidney failure (70).




3.3 Individual reports documenting post-SOT performance at highly competitive or physiological levels

Rare instances stand out as noteworthy exceptions to the prevailing observations regarding comprised exercise capacity among individuals’ post-SOT (71). Alonzo Mourning and Sean Elliot, returned to play in the NBA after a kidneyTx, and Howard Jones won gold, silver and bronze at the European aquatic games after a kidneyTx as well (16). This showcases the potential for remarkable athletic achievements post SOT. A retrospective analysis of the retrieved case studies reveals intriguing insights into the outcomes and challenges encountered by SOTRs across various sporting disciplines, and post-transplant periods. Notable findings include instances of enhanced aerobic and ventilatory capacities among athletes, as evidenced by supernormal oxygen uptake and delayed onset of ventilatory aerobic threshold (18, 42–44, 72). However, these favorable physiological adaptations may be accompanied by challenges such as muscular cramps, hematoma formation, and altered renal function, potentially attributable to immunosuppressive therapies and pre-existing comorbidities (40, 41). Despite these hurdles, several transplant recipients have demonstrated remarkable achievements in competitive sports, ranging from marathons and triathlons, cycling, swimming and bodybuilding, underscoring the potential for post-transplant individuals to engage in high-level athletic pursuits. Of particular interest are the cases of athletes achieving notable milestones, such as completing Ironman distance races spanning over 12 h and professional boxing competitions (45, 73). A major caveat throughout all of these cases is that the accomplishments were attained by individuals who were physically active, or already competing professionally pre-transplantation. Such physiological recuperations are therefore not expected to be attained by recipients who were inactive pre-transplantation. They are indicative of the exceptional dedication, resilience, and pre-existing athletic capacity possessed by the individuals.



3.4 Safety

None of the identified studies reported any adverse effects following exercise, suggesting high intensity and strenuous exercise is generally well-tolerated and safe for stable SOTRs. This however should be interpreted carefully as all the studies lacked a priori definition of adverse effects.




4 Limitations

None of the high intensity interventions or cross-sectional strenuous activity studies found adverse effects post exercise. However, Styelmans et al. hypothesized that most studies relied on retrospective self-reporting of adverse events. This approach may have led to the omission of harms that patients considered insufficiently severe or significant, as well as those they did not perceive as connected to the study (7). They further state that not only are the safety parameters poorly defined and described, but the authors also fail to inform the reader whether dropouts may have been related to adverse events (7). Future studies should implement a priori definitions for adverse events and include a prospective evaluation of potential harms. Additionally, researchers should clearly describe whether dropouts could potentially be related to the applied intervention. Furthermore, some studies lacked active control groups, were underpowered, and had insufficient durations. They also included heterogeneous populations and showed low adherence to protocols. Many studies were not powered to detect secondary outcomes and exhibited bias in selection criteria, as only stable, healthy SOTRs were chosen. These factors make it challenging to generalize the findings to the entire transplant population. Additionally, some participants were not able to attain the required power output demands, and many follow up studies had participant attrition. Lastly, social desirability bias might have led to skewed responses in self-reports, especially for physical activity levels.



5 Conclusion

The existing body of literature suggests high-intensity exercise presents a viable avenue for safely enhancing various physiological parameters while reducing coronary heart disease prevalence. It is also able to elicit greater than, or equal benefits compared to moderate intensity exercise. Individuals who were active pre-transplantation are able to attain physiological measures equivalent to their healthy counterparts, and in rare instances surpass their pre-transplant thresholds. Furthermore, SOTRs were able to complete strenuous exercises with no reported adverse effects. However, in high intensity exercises, follow-ups indicate low retention rates for HIIT, which resulted in a loss in adaptations. Both strenuous exercises and HIIT interventions had no priori definitions of adverse effects. Future studies should therefore not only address methodological limitations, but also explore strategies to enhance the long- term high intensity exercise adherence. This would provide a more comprehensive understanding of HIIT’s efficacy and sustainability as a therapeutic exercise approach in clinical settings.
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changes in parameters of ‘muscle function, this may
systolic and diastolic have affected the results,
‘myocardial function or Since the CG did not
‘parameters of undergo another exercise
inflammation. it can only be stated that
HIIT is an effective and
safe form of exercise in
this population.
Nytoen | Norway | To evaluate if high | Heart | n=20 n=23 G 1 Year Basic general care | Atheroma volume, | HIIT, among stable None | Most baseline IVUS. Cyclosporine
etal. (50) intensity interval Agesie17 Ages3Els (years) | Treadmill Maximal intimal | HeartTx recipients, reported | parameters were Tacrolimus
training (HIIT) reduces 7 Female 7 Female 41224 | 3xweek for 25 min thickness, Qualitative | resulted in a significantly numerically higher in the | Everolimus
the progression of CAV 13 Male 16 male G HIIT: 4 4 min at 85%- plague progression, | impaired rate of control group than in the | Mycophenolate
among HeartTx (years) | 95% of HRmax with Inflammatory activity | quantitative CAV HIIT group. Maybea | Prednisolone
recipients. 39421 | 3 min active recovery progression. Together confounding factor
periods. with statins and affecting the results.
immunosuppressive
therapy, HIIT may be
included as a treatment
option in the follow-up of
HeartTx recipients.
Rustad et al. | Norway | Investigated whether | Heart | =24 n=24 EG 1 Year Basic general care | Primary outcome: | HIIT is applicable and | None | The results are most liely | Cyclosporine
en HIIT improved cardiac Age 6 (20-72) | Age S8 (19-7) | (years) | Treadmill VOzpeak safe in HeartTx recipients | reported | representative of stable | Tacrolimus
function and exercise: 8 Female 7 Female 5(-8) | 3week for 25 min Secondary outcomes: | despite denervation and HeartTx recipientsin | Everolimus
capacity in stable heart 16 male 17 male <G HIIT: 44 min at 85%- left and right improves exercise capacity general. Mycophenolate
transplant recipients by (years) | 95% of HRmax with ventricular systolic | without altering cardiac LV systolic and diastolic | Prednisolone
use of comprehensive 40-7) | 3min active recovery and diastolic function | function significantly. function were not assessed
rest- and exercise- periods. during maximal bicycle
echocardiography and exercise
crdiopulmonary
exercise testing
Yardley et al. | Norway | The main aims of this | Heart | n=21 n=20 EG 1 Year Basic general care | Outcomes: Physical | A moderate level of None | Small sample size Cyclosporine
©2) study were to present Aged7£18 Age 52215 (years) | Treadmill activity, exercise and intensity is | Reported | Non-exercising control | Tacrolimus
the results from a 5 year 14 Male 14 Male 422 3xfweek for 25 min Exercise variables, | insufficient to maintain group Everolimus,
follow-up evaluating 7 Female 6 Female <G HIIT: 44 min at 85%- Muscular exercise | the higher VO2peak levels Mycophenolate/
whether the HITT (years) | 95% of HRmax with capacity, that were achieved after Azatioprine
group was motivated to 422 3 min active recovery Physical capacity, | the HIIT intervention. A Prednisolone
continue with HIT after periods. Body composition, | 5-year follow-up revealed
the intervention period Metabolic profile, | a moderate activity
ended and whether they HRQoL, pattern in both the HIIT
retained their superior Depression and group and the control
physical capacity in the Anxiety, group. Intermittent
long-term. cav periods of HIIT are likely
10 be necessary to
‘maintain the previously
achieved high VO2peak
levels. HIIT can reduce
the development of
anxiety symptoms in the
long-term. Development
of CAV, muscular exercise:
capacity and chronotropic
responses, the long-term
effects after HIIT were
neutral between the
1 1 1 1 Boups. 1
Nytroen | Norway | To determine the Heart | n=37 n=dl 1 weeks | 9 month 9 months Primary outcome: | HIIT was a safe, efficient | None | Small sample size. Cyclosporine
etal. (23) effcts of HIIT in de Age50£12 Age 48215 forboth | Cycle ergometer Cycle ergometer | VO2peak method of exercise in de | Reported | Evaluated variables were | Tacrolimus
novo heart transplant Female 9 Female 12 groups | 1-3x/week for 40min | 2-3x/week for | Secondary outcome: | now HTx recipients. collected at rest. Everolimus
recipients (1 year 28 Male 29 Male HIIT: 2-4 min intervals | 40 min tolerabilitysafety, | Compared with MICT, Using 02 pulse as a Prednisolone
follow-up) at 85%-95% of peak | Moderate Intensity | adverse events, HIIT resulted in surrogate for stroke Mycophenolate
effort Continuous isokinetic muscular | significantly larger volume.
I resistance training | Training: 60%- | strength, body increases in the Vo2peak, Only supervised exercise
session per week 80% of peak effort) | composition, anaerobic threshold, peak was recorded.
1 resistance HRQOL left expiratory flow, and Administering a
training session | ventricular function, | muscular exercise: quadriceps muscle biopsy
per week hemodynamics, capacity. Only the HIIT would have provided
endothelial function, | group showed significant better insights.
biomarkers improvements in the
resting a-v 02 diff and 02
pulse.
Rolidetal | Norway | To investigate the effect | Heart | n=37 n=dl 12 months | 9 month 9 months Change in HRQoL | In patients who had None | The high baseline HRQoL | Cyclosporine
) of HIT vs. MICT on Ages0s12 Age 4815 for both | Cycle ergometer Cycle ergometer recently undergone Reported | scores may reflect an | Tacrolimus
HRQoL in de novo Female 9 Female 12 groups | 1-3x/week for 40min | 2-3x/week for HeartTx, the Physical above average healthy | Everolimus
recipients. 28 Male 29 Male HIIT: 2-4 min intervals | 40 min Component Scores population and (limits | Prednisolone
at 85%-95% of peak | Moderate Intensity improved significantly. generalizability). Mycophenolate
effort Continuous There were no differences A disease-specific HRQoL
I resistance training | Training: 60%- in HRQoL between questionnaire could have
session per week 80% of peak effort) patients allocated to HIIT been more sensitive to
1 resistance or MICT, except on the detect differences between
training session Role Emotional subscale groups.
per week where the HIIT group had
a significantly higher
score,
Rolid etal. | Norway | To determine whether | Heart | n=28 n=31 36 months | 9 month 9 months Primary outcome: | Early allocation to HIIT | None | The limited number of | Cyclosporine
©3) the effect of early Ages3sll Agesiele for both | Cycle ergometer Cycle ergometer | change in VO2peak | post-HeartTx Reported ts may have Tacrolimus
initiation of HIIT 7 Female 8 Female groups 1-3x/week for 40 min | 2-3x/week for | Secondary outcomes: | result in sustained hindered the detection of | Everolimus
VO2peak persisted for 21 Male 26 Male HIIT: 2-4 min intervals | 40 min muscle strength, body | improvement at 3-year subtle between-group | Prednisolone
2 years postintervention at 85% to 95% of peak | Moderate Intensity | composition, heart | follow-up in VO2peak, differences. Mycophenolate
( year follow-up) effort Continuous rate response, health- | compared to allocation to Tack of a non exercising
I resistance training | Training: 60%- | related quality of life, | MICT. However, there control group.
session per week 80% of peak effort) | daily physical activity, | was a significant High level of PA
1 resistance biomarkers, and heart | difference between the documented by sel-report
training session | function groups in muscle and activity monitors in
per week endurance and AT in both groups might be a
favor of the HIIT group. A result of social desi
high proportion in both Inclusion criteria may
groups still were have influenced the low
performing PA for at least rates of participants with
30 min daily, while symptoms of depression
HRQoL scores were high and anxiety
and comparable to those Single-center design of the
in the age- and sex- study 3-year follow-up of
adjusted general the HITTS study limits
population. Early the generalizability
supervised cardiac compared to a multcenter
rehabilitation may have
sustainable effects on the
daily PA after HeartTx.
However, only a few
participants continued
with HIIT after the
supervised intervention.
Ulvestad at | Norway | To evaluate the efficacy | Lung | n=25 n=29 G 20 weeks Tollowed hospitals | Primary outcome: | Mixed-mode HIIT None | Little participant Tacrolimus
o (26) of high-intensity age523+119 | ageSLI+135 | (months) | Treadmill recommendation-s | change in VO2peak | improved muscular Reported | adherence to exercise | Cyclosporine
endurance and strength 14 Female 13 Female 3024166 | 3x/week for 1h Secondary outcomes: | strength but not VO2peak protocol (46 Mycophenolate mofetil
training in LungTx 11 Male 16 Male G Intensity interval pulm-onary function, | after LungTx. Strength interruptions) Prednisolone
recipients from 6 (months) | training: 4 min at 85%- muscular strength, | training in particular Small sample size
months t0 5 years after 2664157 | 95% HRM with 2 min HRQOL and physical | appears to be benefical
transplantation function for patients after LungTx.
years) after
transplantation with
acceptable adherence
appears to have beneficial
effects on VO2peak
following LungTx.
Ulvestad | Norway | To assess the effects of | Lung | n=22 n=29 G 20 weeks followed hospitals | Outcomes: Lean body | HIIT improved some | None | 8 participants missed the | Tacrolimus
etal. 27) high-intensity training age516+123 | ageSLI+137 | (months) | Treadmill recommendation-s | mass, bone mineral | measures of bone health | Reported | follow-up. Cyclosporine
(HIIT) on body 13 Female 13 Female 25+ 3xfweek for 1h density of lumbar | and body composition. Parent study was powered
composition, bone 9 Male 16 Male 1662 High Intensity interval spine and trabecular | While trabecular bone for (VO2peak) and not for
health, and physical G training: 4 min at 85%- bone score, physical | score increased and secondary outcomes
activiy in lung (months) | 95% HRM with 2 min activity and sedentary | subcutaneous adipose ‘meaning sample size may
transplant patients. 2674159 | recovery time tissue decreased, there have been too small to
Strength training; 3 sets were no improvements in detect significant
of 6-12 repetitions lean body mass, fat body differences in body
mass, bone mineral composition and BMD.
density, or physical ‘The HIIT group had
activity level. suboptimal adherence to
the training regime.
Testing for several
outcomes amplifies the
probabiliy of a false-
positive finding.
Dall etal. | Denmark | To compare the effect | Heart | Crossover study (years) 12 weeks Primary outcome: | Superior effect of HIT | None | Small sample size Cyclosporine
©8) of HIIT versus CON in n=16 64 years | Cycle ergometer VOzpeak over CON on VO2peak. | reported | Convective and diffusive | Mycophenolate mofeti
stable HeartTx age 519 3x/a week for 16 min Secondary outcomes: | Moreover, only HIIT oxygen conductance and | Steroids
recipients. 4 Female High Intensity interval blood pressure, improved HRpeak and the skeletal muscle oxygen
12 Male training 4-1 min HRpeak, HRrest, | HRreserve whereas both utilization were not
intervals at >80% of heart rate reserve, | HIIT and CON improved examined
VO2peak, with 2-min HRrecovery and HRrecovery. There was a Cardiac function was not
active rest period workload. ‘marked loss of effect after measured directly in
5 month washout 5 months, emphasizing relation to the study
Continued moderate the need for repeated Study was not powered to
exercise (CON) 45 min: intervention programs detect change in
60% t0 70% of and seeking lifelong secondary findings
VO2peak. change in exercise habits
Dalletal. | Denmark | To compare the effect | Heart | Crossover study EG 12 weeks Primary outcome: | Both exercise programs | None | Small sample size Cyclosporine
29) of HIIT vs continued n=16 (months) | Cycle ergometer VOzpeak decreased markers of | reported | Not powered to detect | Mycophenolate mofeti
‘moderate training age 519 25+ 3/a week for 16 min Secondary outcomes: | anxiety and increased the changes in endothelial | Steroids
(CON) on vascular 4 Female 1662 High Intensity interval endothelial function | physical component in function, HRQoL or
function, biomarkers 12 Male <G training: 4-1 min arterial stiffness, HRQoL, whereas no biomarkers
and health-related (months) | intervals at >80% of biomarkers, HRQoL | effects were seen for When compared with the
quality of life (HRQoL) 2674159 | VO2peak, with 2-min and markers of endothelial function, entire historic population
in HTx recipients. active rest period ansiety and vascular stiffness, markers of transplant recipients in
5 month washout depression. of inflammation, glucose the Copenhagen program,
CON metabolism or HOMA the patients included in
45 min: 60% to 70% of index. The effects this study were older and
VO2peak. achieved were lost during a larger proportion of
the 5- month washout them were female (3% vs
period, highlighting the 24%).
need for lifelong
participation in exercise
programs to maintain the
positive effects of HRQL.
Cappelle | Belgium | To determine whether | 12 n=42 (years) | 6 months Primary outcome: | A 6-month HIT None | Observational, non Azathioprine
etal. (30) HIT inlong-term stable | Heart | Age 4142111 64 years | Cycle ergometer Exercise capacity | intervention in stible | Reported | controlled study Mycophenolate mofetil
recipients of 4 different | 7 Lung | years; 3fweek for 30 min Cardiovascular long-term SOTRs safely Small sample sizes for the | Cyclosporine
solid organ types can | 8 Liver | Female 11 2 min: 85%-90% (6 parameters improved ext organ-specific subgroups | Tacrolimus
safely establish an 15 Male 31 METs) BMI and Body weight | capacity to a level needed Study design and nature | Steroids
improvement in Kidney Secondary outcome: | for strenuous physical of the exercise
physical performance. cydle 257 kmand | exercise. For recipients of intervention warrant
Additionally, the reach Mont Ventoux | each organ type, the careful comparison with
potential midterm summit training intervention the literature. Selection
sustainability effect of produced a beneft i criterion of a long-term
HIIT in TR was exercise performance and/ stable graft function,
investigated. or cardiovascular health significant spontaneous.
or body composition, recovery of physical
although the nature of the performance and basel
effect varied between predVO2max can be
organ types. These associated with selection
improvements in exercise bias
capacity were, however, The combined individual/
not sustained at 6 months ‘group program with
follow-up, suggesting a motivational coaching
need for continued toward an ambitious goal,
can be associated with
Additionally, 1 participant participation bias
was able to reach the Only 14 of 42 participants,
Mont Ventoux summit. exercise capacity were
assessed during follow up
Rafique etal.| Norway | To evaluate the short- | Heart | n=23 n=33 68 weeks | 6 months 6 months Primary outcome: | HIIT did not significantly | None | The staistical power Cyclosporine
G1) term effects of HIIT on Age 47 [40-56] | Age54[42-57] |forboth | Cycle ergometer 58 | Cycle ergometer | change in the mean | reduce CAV progression | Reported | analysis was performed | Mycophenolate
CAV in de novo Female 6 Female 6 groups | sessions each 25 min | 58 sessions each | intima area the first year after for the outcomes in the
HeartTx recipients as Male 17 Male 26 HIIT: 4 x 4-min at 85%- | 25 min Secondary outcomes: | HeartTx. CAV develops main study and not the
assessed by OCT 95% of the peak effort | Moderate Intensity | Change in the mean | early after HeartTx and current substudy.
with 3 min of active | Continuous lumen area, changes | that the mean intima area Small sample size
Training 60%- | in plaque burden, | increased by 25% within A type 2 error can be
80% of the peak | change in MIT and | the first year. suspected, particularly for
effort. changes IMR. the primary endpoint
Strength training since the numerical
change was twofold higher
in the MICT group. The
follow-up period was
short, and a long-term
follow- up may have
presented different results
Patient-related
interventions such as
differences between
‘groups in self-initiated
exercise and dietary habits
may have affected the
outcomes. The
mportance of
intracoronary imaging for
detection of early CAV
has recently been
questioned
Billany etal. UK | To assess the Kidney | HIIT A MICT More than | 8 weeks 8 weeks Primary outcome: | HIIT and MICT None | Small sample size Calcineurin Inhibitors
2) recruitment, retention Agedl sl Age Age52£11 | 12 weeks | Cycle Ergometer Cycle Ergometer | recruitment, performed on a cycle | reported | unable to detect statistical | Steroids
and adherence to HIIT n=8 n=8 forboth | 3xweek 3xfweek for retention, and ergometer could be changes due to inadequate
and MICT programs in 5 Female 1 Female groups | HIIT A: 30 min of 4, 2-, | 40 min intervention considered safe and powering
KidneyT recpeints 3 Male 7 Male and I-min intervals, | MICT: 50%-60% | adherence and feasible in KidneyTx heterogeneity in
HIIT B 80%-90% watts at VOzpeak acceptability. recipients Also, both HIIT participant characteristics
Agesiell VO2peak with 2 min Secondary outcomes: | and MICT may be useful at baseline with respect to
n=8 active rest cardiorespi- ratory | prescriptions 1o reduce ‘gender, blood pressure,
2 Female HIIT B: 30 min of 4 fitness, body CVD burden in KidneyTx cardiorespiratory fitness,
6 Male 4 min intervals at 80%- composition, recipients. and transplant vintage
90% VO2peak with haemodynamic OF the 20 participants
3 min rest and 5 min parameters, physical who completed the
active stage func- tion, habitual intervention, only eight
physical activi achieved the required
markers of exercise intensity in watts.
cardiovascular risk,
inflammation, and
immune function
Hutchinson | UK | To explore the Kidney | HIIT A MICT More than | 8 weeks 8 weeks Markers of cellular | HIIT and MICT protocols | None | Cannot be sure that the | Calcineurin Inhibitors
etal. (33) physiological and Agedlz14 Age Age52£11 | 12 weeks | Cycle Ergometer Cyele Ergometer | and circulating did not cause any Reported | difference seen for Steroids
immunological impact n=8 n=s forboth | 3xweek 3xfweek for inflammation immediate adverse. circulating immune cell
of 8-weeks of HIIT and 5 Female 1 Female groups | HIIT A: 30 min of 4-,2-, | 40 min negative effects on subsets are the same at the
MICT in kidneyTx 3 Male 7 Male and 1-min intervals; | MICT: 50%-60% immunity. KidneyTx tissue level. The use of
recipients. HIIT B 80%-90% watts at VOzpeak recipients. can exercise at muscle biopsies with the
AgesiEll VO2peak with 2 min a range of high intensities intention of
n=8 active rest without worrying about immunostaining would
2 Female HIIT B: 30 min of 4 x longterm alterations to have generated practical
6 Male 4 min intervals at 80%- immune parameters. data adding to the validity
90% VO2peak with of this study.
3 min rest and 5 min Labeling cells in culture
active stage with a fluorescent marker
such as carboxyfluorescein
succinamidyl ester would
have allowed information
about individual cels.
Assessing the proliferation
and responsiveness of cells
would add evidence to the
interaction of exercise and
immunosuppressive
medications on immune
cell subsets and may draw
some conclusions on
timing
immunosuppressive
medications around
exercise.
Masschelein | Belgium | To asses Mont Ventoux | Heart | TxCYC HCON (healthy | More than | 6 months 6 months Physical activity, A six-month dose of the | None | Selection bias as the least
etal. (31) effects on patient- Kidney | (transplant control) 6wecks | Cyclingand Hiking | HCON health-related quality | MVT exercise training | reported | motivated patients were
reported and perceived | Liver | cyclist) Age495£110 | TXCYC | TxCYC Encouraged to | of life, mental health | intervention lowered likely to leave the study
barriers and faciltators | Lung | Age 47.94112 | n=91 39(23- | Cycled 3vweekfor | train 3uiweck | and depressive stress in the hiking prematurely
to physical activity n=47 Female 94) 30 min per session TCON symptomatology, | transplant recipients, Used self report report
7 Female Male TXHIK | 3 phases varying from | Not stated anxiety and stress | while other measurements measures which can lead
40 Male TxCon 304 (23~ | 60 10 90% of individual remained stable. Patient to social desirability bias
TXHIK (transplant 7.4) peak HR (phase 3 HIIT) reported barriers in Issue with international
(transplant control) TXCON | TxHIK participating transplant physical activity
hikers) AgeSO1£115 | 495 24~ | Hiked 3u/week recipients were similar to questionnaire terminology
AgeS424115 | n=213 89) two short hikes for those of their healthy ‘The intervention protocol
n=185 Female | 37 Female 30 min and one long for counterparts but more differed between
13 Male 176 Male 2-8 h per session favorable than those of the transplant recipients and
matched control HCON
transplant recipients. Did not exclude patients
Control-group transplant who did not complete the
recipients were less survey during one or more:
physically active and of their follow-up
reported higher barriers, assessments, leading to
and lower faclitators to increasing variability in
physical activity, and the study sample.
ranked these barriers and
failitators differently
from the other three
groups. This indicates that
initiation and
continuation of a
physically active lfestyle
sedentary transplant
recipients will require
physical activity and
exercse interventions
ailored closely to their
needs.

EG, exercise group; CG, control group; HIIT, high intensity interval training; TR, transplant recipient; BL, bilateral; SET, supervised exercise training; LV, left ventricular, Tx, transplantation; FMD, flow mediated dilation; HRQOL, health related quality of life; Vemas,

maximal velocity; CAV, cardiac allograft vasculopathy; IVUS, intravascular ultrasound; a-v 02, arterio-venous oxygen; MICT, moderate intensity continuous t

BMI, body max index; SOTRs, solid organ transplant recipients; OCT, optical coherence tomography; MIT, maximum intima thickness; IMR, intima-media ratio; CVD, cardiovascular disease.

ing: PA, physical activity; HR, heart rate; BMD, bone mineral density:

ON, continuous moderate exercise;
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Study/year

Konigsrainer
etal. (14)

Country

Germany

Study objective

To analyse
peripheral blood in
healthy athletes and
transplant recipients
who participated n
the Euregio cycling
tour 2009 before
and immediately
after they
performed 81 km of
cycling

Organ
Group

Exercise group
(sample size/
characteristics)

n=10
Age 43522
years All Male

Control group
sisample size/
characteristics)
=10 healthy
Age 49272
years

All Male

Time post
transplant

Not
‘mentioned

Description
of sport/
activity

distance of
over 300 km
and ascents
above

1,800 m in
altitude.

Outcomes
studied

Outcomes:
neutrophils, gene
expression

Main findings

Relative increase of neutrophils
n transplant recipients was
significantly smaller than
controls affer exhausting
exercise. The total number of
circulating neutrophils after
exhausting exercise similar in
both groups. The blood
neutrophil counts at rest, and
also one day after exercise in TR
were significantly higher than
the counts in the controls.
‘There was significantly higher
expression of differentially up-
regulated genes in controls
compared with transplant
recipients. Control athletes
demonstrated a higher immune
response regulation than the
transplant recipients.
Transplant recipients showed a
significant activation of genes
related to cell metabolism, but
genes related to the immune
response were missing. Most of
the observed changes returned
back to normal by the next day.

Adverse
effects.

Reported

Study limitations

Small sample size

Immunosuppressive
therapy

Tacrolimus
Cyclosporine,
Mycophenolate-Mofetil

Kénigsrainer
etal. 35)

Germany

To evaluate the
effect of bacterial
endotoxin contact
after exhausting
exercise in
transplant
recipients, who are
innately
immunosuppressed
by their medication.

Kidney

Same as
Konigsrainer
etal. (14)

Same as
Koénigsrainer
etal. (14)

Not
mentioned

Same as
Kénigsrainer
etal. (14)

Outcome: gene
Expression

Markedly oppositional pattern
of gene expression in transplant
recipients compared with
controls after LPS incubation,
directly after exhausting
exercise. Immune response
genes were significantly over-
represented in controls
immediately after the
exhaustive exercise bout with
LPS stimulation, whereas
numerous apoplotic genes were
over-represented in transplant
recipients. Exhaustive exercise
followed by pathogen contact,
could lead to an increased risk
of infection and cell damage in
transplant recipients. The
immune system in transplant
recipients is impaired by the
effect of exhausting exercise,
pathogen contact and
additionally by the
immunosuppressive
medication. This could lead to
an increased risk of infection in
transplant recipients with
potential cell damage and its
consequences after exhaustive
exercise.

None
Reported

LPS incubation of
peripheral blood is
not comparable to
a real infection of
an athlete

Small sample size

Only Males

Same as Konigsrainer
etal (14)

Cappuccill
etal. (36)

Evaluated the effect
of a 130-km cycling
race on
inflammatory
cytokines and
adiponectin levels in
transplant
recipients.

Kidney
Liver
Heart

n=19
transplanted
cyclists

Age 521490
All Male

=32 Sedentary
transplant
recipients
Age545:74
All Male.

n=35

healthy amateur
cydlists

Age 500 +100
years

All Male

(years)
9351

(years)
7466

Cycling race:
130 km path
which
included 4
hills with
1871 meters
of altitude
drop.

Outcomes:
circulating(IL-6,
TNF-a, IFN-g, and
adiponectin

Transplanted patients in good
clinical condition, with a well-
tolerated immunosuppressive
therapy and proper training,
can benefit from physical
activity, even at a compelitive
level. Marathon cycling induced
some changes in inflammation
parameters that were transient
and superimposable between
physically active healthy and
transplanted cyclists. The
comparison with sedentary
transplant recipients revealed a
significant lowering in the
circulating concentrations of
certain proflogistic indexes as a
possible effect of sporting
activities on systemic
inflammation.

None
Reported

Small sample size
Anti-inflammatory
cytokines were not

Tacrolimus
Cyclosporine
Steroids
Mycophenolic acid
Everolimus

Mosconi
etal. (37)

To evaluate kidney
function parameters
in a group of TP in
comparison with
HV involved in a
long-distance road
cycling race: length
130 km and total
uphill gradient,
1,871 m.

Kidney

Heart

n=19
transplanted
cyclists (TP)
Age 521£90

n=35

healthy amateur
eydlists (HV)
Age 500 +100

(years)
93£5.1

Cycling race:
130 km path
which
included 4
hills with
1,871 meters
of altitude
drop.

Renal function
parameters:
creatinine, eGFR,
urea, uric acid,
urine specific
gravity,
microalbuminuria,
and proteinuria

Selected and well-trained
organ-transplanted patients can
perform an intensive bout of
exercise, displaying temporary
modifications on kidney
fanction parameters
comparable to healthy subjects.

None
Reported

‘Small sample size
Transplant patients
were already active
cyclist

Only males

Tacrolimus
Cyclosporine
Steroids
Mycophenolic acid
Everolimus

(Continued)
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De Smet
etal. (40)

Participants | Time post
Characteristics | transplant

48 year old male 9 months.

Comorbidities

Exercise/
training
regimen
Walking and

Competitive
performance

20 ki jogging

Achievements

Completed in 2.5 h

Physiological
measures

Heart rate stabilized

Adverse
effects

Muscular

Immunosuppressive
therapy

Cyclosporine, Prednisone

Active pre transplant bicycle competition (12,031 of 16,000 between 150 and 160 | cramps in
‘playing tennis, soccer, ergometer for competitors) Resting LVEF was | calves
skiing 30min a day 46%
Blood pressure 130/
80mmHG during
recovery
High blood lactate
Finketal | USA Heart- | 28 year old male 10 years CF Pulmonary Strenuous Participated in Won many Supernormal aerobic Steroids, Cyclosporine
(74) Lung disease, Acute severe | trainingof | sporting events for | competitions. and ventilatory
rejection, Acute running and | transplant patients. capacity
‘pulmonary swimming High oxygen uptake
hemorrhage, (128% of predicted),
Psendomonas oxygen pulse (174%
infections, Transient of predicted),
renal failure, CF liver Delayed onset of
disease, Diabetes ventilatory anaerobic
mellitus. threshold (2,290 vs
1,840 ml/min)
Browne UK Kidney | 47 years old 14 months Lifting heavy haematoma over the | Anuria Tacrolimus, prednisolone,
etal (41) flat pack lateral aspect of the | Dull aching | azathioprine
farniture and transplant kidney | pain over
Intense gym with displacement of | transplant
workouts days the hilum anteriorly | kidney
prior to his and medially. Unable to
symptoms Vascular supply to | confirm
the kidneys was whether the
compressed. exercise was
the main
cause of the
hematoma

(Continued)
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