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Abstract
Background/Aims: Patients requiring haemodialysis have cardiovascular and immune
dysfunction. Little is known about the acute effects of exercise during haemodialysis. Exercise
has numerous health benefits but in other populations has a profound impact upon blood
pressure, inflammation and immune function; therefore having the potential to exacerbate
cardiovascular and immune dysfunction in this vulnerable population. Methods: Fifteen
patients took part in a randomised-crossover study investigating the effect of a 30-min
bout of exercise during haemodialysis compared to resting haemodialysis. We assessed
blood pressure, plasma markers of cardiac injury and systemic inflammation and neutrophil
degranulation. Results: Exercise increased blood pressure immediately post-exercise; however,
1 hour after exercise blood pressure was lower than resting levels (106±22 vs. 117±25 mm
Hg). No differences in h-FABP, cTnI, myoglobin or CKMB were observed between trial arms.
Exercise did not alter circulating concentrations of IL-6, TNF-α or IL-1ra nor clearly suppress
neutrophil function. Conclusions: This study demonstrates fluctuations in blood pressure
during haemodialysis in response to exercise. However, since the fall in blood pressure
occurred without evidence of cardiac injury, we regard it as a normal response to exercise
superimposed onto the haemodynamic response to haemodialysis. Importantly, exercise did
not exacerbate systemic inflammation or immune dysfunction; intradialytic exercise was well
tolerated.
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Introduction

Patients with end-stage renal disease (ESRD) have a substantially increased incidence of
cardiovascular events and mortality. Many ’traditional’ risk factors influencing cardiovascular
health are not pertinent for ESRD patients [1]; factors such as inflammation, malnutrition
and intradialytic hypotension are more evidently associated with poor survival [2, 3].
Uraemia and haemodialysis (HD) provides increased opportunities for endotoxin influx,
recurrent infections and immune activation leading to chronic systemic inflammation [4].
ESRD patients consequently have a dysfunctional immune system that is both chronically
over-activated and anergic [5, 6]. In addition, HD is associated with myocardial demand
ischaemia that leads to transient myocardial stunning, often with concomitant intradialytic
hypotension [7]. Repeated bouts of myocardial stunning are associated with a reduced
ejection fraction and increased likelihood of mortality. Both of these factors (immune and
myocardial dysfunction) are crucial in the pathogenesis of cardiovascular mortality that is
so common in ESRD patients.
ESRD patients are highly inactive and this is exacerbated on days when they have
HD treatment [8, 9]; further, poor physical performance is associated with mortality and
hospitalisation rates and poor arterial and heart function [10, 11]. As with most populations,
regular exercise is reported to have numerous benefits for early CKD, HD and transplant
patients. These include improved exercise capacity, quality of life and cardiovascular health
[12-15].
Exercise during HD is feasible and compliance and drop-out rates are better compared
to exercise programmes for HD patients away from dialysis [16, 17]. Intradialytic exercise
occurs at a time when patients are otherwise completely sedentary and is an effective way
to change the exercise culture and behaviour of HD patients [18, 19]. Exercise in healthy
populations has been suggested as an effective means to reduce systemic inflammation
[20]; however, an acute bout of exercise also has notable effects on blood pressure [21] and
immune function [22]. Exercise, for example, can stimulate a muscular release of IL-6 into
circulation; usually met by an anti-inflammatory response to restore resting levels [23].
ESRD patients are highly vulnerable and the dysfunctional immune and cardiovascular
systems in these patients may not adequately respond to the profound transient effects on
blood pressure, circulating markers of inflammation, and immune function that can occur
with exercise. Little is known of the immediate impact of exercising during HD, a time when
patients are at an even greater susceptibility to infection, inflammation and haemodynamic
alterations.
The aims of this study were to analyse the immediate effects of a bout of physical exercise
during HD on haemodynamic stability, circulating markers of inflammation and aspects of
immune function compared to a usual-care HD session.
Participants
A pragmatic sample of 15 HD patients who were regularly exercising during HD as part of a service
development programme gave informed consent to participate in the study and all patients completed both
study periods (Figure 1), their basic characteristics are described in Table 1.
Patients were recruited from a satellite haemodialysis unit in the University Hospitals of Leicester NHS
trust. The study received approval from the NHS Research Ethics Committee (ref. 10/H0406/36). Patients
were not eligible if they were under 18 years, had established contraindications to exercise [24], lower limb
vascular access, recent clinically overt infection, prescribed immunosuppressive therapy, or an insufficient
command of English to consent. All patients used polysulfone high-flux dialysers. The dialysate, dialyser,
needle size and dialysis duration and prescriptions were unchanged between study days.
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Fig. 1. Flow of participants into and
through the study.
Study design
Patients participated in two trial
arms during HD treatment usually separated by a week and carried out on the
same day of the week. During the exercise arm patients performed a 5-min
warm-up followed by a 30-min bout of
intradialytic exercise using a specially-designed cycle ergometer (Letto series; Reck, Germany) 60 min into their
HD session. Patients cycled at self-selected gears at a perceived exertion of ‘somewhat hard’ using the Rating of Perceived Exertion scale (RPE) [25]. RPE and
power output were recorded every 5
min with participants encouraged to adjust the gear to match the required RPE.
Patients were familiar with the cycle ergometer and RPE scale from routinely
taking part in an exercise programme at
the renal unit for at least 3 months. Exercise was not novel for these patients,
but instead represents the usual effect
of exercise during HD for patients that
regularly take part in intradialytic exercise. During the control arm the patient
rested throughout HD.

Outcomes
Blood pressure was taken using an electronic
sphygmomanometer at the start of dialysis (0 min), and
then at the same time as blood samples drawn directly
from the HD lines pre-exercise (60 min), immediately
post-exercise (100 min), 1 h post-exercise (160 min)
and at the end of dialysis (240 min) and the equivalent
times during the control HD session. Rate pressure product (RPP) was calculated as heart rate x SBP.

Table 1. Patients’ characteristics

Circulating markers of systemic inflammation and
cardiac injury
Plasma concentrations of IL-6, TNF-α, IL-1ra (R&D
systems, Abingdon, UK) and CRP (IBL International
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Haematology
Haematology and a differential white cell count
were measured using an automated cell counter (Ac.T
5diff OV, Beckman Coulter, High Wycombe, UK). Outcome measures are adjusted for changes in plasma volume
[26].
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GmbH, Hamburg, Germany) were measured using commercially available ELISA kits. Simultaneous detection of early (heart-type fatty acid-binding protein [h-FABP] and myoglobin) and late (cardiac troponin I
[cTnI] and creatine kinase MB [CKMB]) markers of myocardial injury were assessed using a commercially
available biochip assay and Evidence Investigator (Randox Ltd., Crumlin, UK).

Monocyte phenotyping
10 μL CD14-fluorescein isothiocyanate and 10 μL CD16-phycoerythrin (Becton Dickinson [BD]
Biosciences, Oxford, UK) were added to 120 μL heparinised whole blood and incubated on ice in the dark
for 20 min. Erythrocytes were lysed (FACS lysis buffer, BD Biosciences, Oxford, UK) and the cells washed
through addition of chilled phosphate buffered saline (PBS) containing 0.5% bovine serum albumin and 2
mmol/L EDTA. After centrifugation the cells were resuspended in 400 μL chilled PBS solution and analysed
by flow cytometry (FACSCalibur, BD Biosciences, Oxford, UK). 100,000 events were collected per analysis.
Monocyte populations were identified using CellQuest software (BD Biosciences, Oxford, UK).
Neutrophils were eliminated using side-scatter vs. CD16. Monocytes identified on morphology were then
grouped into three phenotypes; CD14++CD16- (classical), CD14++CD16+ (intermediate) and CD14+CD16++
(non-classical) [27], CD14-CD16- were disregarded as non-monocytes.

Neutrophil degranulation
1 mL heparinised blood was added to 50 μL bacterial extract (10 mg/mL, Sigma-Aldrich, Gillingham,
UK) and another 1 mL blood left unstimulated. Samples were incubated at 37 °C for 60 min with gentle
inversion after 30 min. Samples were centrifuged at 13,000 x g for 2 min and the supernatant harvested.
Plasma elastase was assessed in the bacterially-stimulated and unstimulated samples using a commercially
available ELISA specific for polymorphonuclear cell elastase (BioVendor GmbH, Heidelberg, Germany).

Omitted samples
One patient did not provide consent for blood sample collection and data is only included for blood
pressure. Sufficient blood volume for all outcome measures could not be obtained from two patients; the
number of patients included for each outcome measure is described. One participant was excluded from
cytokine data due to a difference of >5 mg/L in CRP between exercise and control study periods. Outliers
were excluded from specific outcome measures if values were more than two orders of standard deviation
different from the group mean, or if unstimulated plasma elastase >500 μg/L. Monocyte phenotypes could
not be defined in one patient due to unclear fluorescence patterns and were excluded from this analysis.
Statistical analysis was repeated including omitted samples with no change to the results; likewise
for completeness, analysis was repeated before adjustment for plasma volume changes without change to
the results.

Randomisation
The trial was organised in a randomised-crossover design using a website designed specifically for
research randomisation to determine order [28].

Statistics
Treatment conditions and baseline differences between arms were compared using paired t-tests or
Wilcoxon signed-ranks tests where applicable. Two-factor repeated measures ANOVA was used to analyse
data: trial arm (exercise vs. control) x time. Where data was non-normally distributed (Shapiro-Wilk)
ANOVA was performed on the logarithmic transformation of the data and reported in original form. If the
omnibus test found a significant effect post hoc paired t-tests and repeated contrasts were used and adjusted
for multiple comparisons using the Holm-Bonferroni method [29]. Effect sizes (ES) were calculated using
Cohen’s D. Statistical analysis was performed on Statistical Package for Social Sciences (SPSS v.21, IBM, New
York, USA). Data is presented as mean ± standard deviation or median (interquartile range) as described.
Statistical significance was accepted at P<0.05.
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Results

Exercise and Haemodialysis
All fifteen recruited patients successfully completed
30 min of cycling starting 60
min into HD, as well as the
comparator HD period without exercise. The patients
reported the exercise as “somewhat hard”; specifically, an
RPE of 13±1. The mean power output was measured as
21.5±8.1 W.
Parameters of haemodialysis treatment were not different between the arms (Table
2). Prescribed medications,
haemodialysis and ultrafiltration did not vary. No adverse
events were reported.

Table 2. Haemodialysis treatment variables on exercise and control
trial arms

Haematology and monocyte phenotypes
Exercise had no significant effect on total or differentiated leukocyte counts
(Table 4). The proportion of intermediate monocytes fell during HD in both arms (effect
of time: P=0.002), the proportion was lower at the end of HD compared to the first sample
(P=0.006; ES=0.80). Trends for an effect of exercise on intermediate and non-classical
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Haemodynamic parameters
In both arms, systolic
blood pressure (SBP) fell after initiation of HD (P≤0.007;
ES≥0.84; Figure 2). SBP was
significantly higher immediately after exercise compared
to the control arm (125±18
vs. 112±20 mm Hg; P=0.03;
ES=0.71). However, 1 h af- Fig. 2. Systolic and diastolic blood pressure throughout haemodialysis
ter completion of exercise in the exercise ( ) and control ( ) trial arms. The grey bar
SBP had fallen and was si- represents the 30 min of exercise completed on the exercise study
gnificantly lower than con- period. Ex: Exercise. Data is presented as mean ± standard error
trols (106±22 vs. 117±25 (n = 15). A significant main effect of time (P < 0.001) and a time*trial arm
mm Hg; P=0.04; ES=0.46), interaction (P < 0.001) were observed. * denotes a significant differences
there were no differences between arms at that time.
at the end of HD. Heart rate
was elevated post-exercise
(P<0.001; ES=0.78; Table 3). Consequently, the rate pressure product (RPP) was significantly higher immediately post-exercise compared with the control arm (P<0.001; ES=1.15;
Table 3), this fell subsequently with a trend for lower RPP 1 h post-exercise (P=0.08; ES=0.47)
and significantly lower at the completion of HD (P=0.02; ES=0.15).
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Table 3. Acute effects of exercise on haemodynamic parameters and markers of cardiac injury

monocytes were observed (Table 4). The proportion of intermediate monocytes appeared
to fall by a greater amount in the exercise arm (interaction: P=0.09) but post hoc tests were
not statistically significant (P>0.17). The proportion of non-classical monocytes appeared to
increase immediately post-exercise (interaction: P=0.08), post hoc tests found no statistically
significant differences (P>0.14).

Markers of systemic inflammation
Exercise had no effect on circulating concentrations of IL-6, TNF-α or IL-1ra (Table 4).
Across both arms IL-6 appeared to increase during HD (effect of time: P=0.03) although
post hoc tests were not statistically different (P>0.17). Conversely, TNF-α decreased during
HD across both arms (effect of time: P=0.004), at the end of HD TNF-α concentrations were
significantly lower than the pre-exercise sample (P=0.04, ES=0.68). CRP was measured at
the 60-min time-point as a reference marker of systemic inflammation and concentrations
were similar between trial arms (Table 4, P=0.7).

Neutrophil degranulation
Unstimulated plasma elastase increased in both arms but with no effect of exercise
(effect of time: P=0.05; Table 4). Neither HD nor exercise had a significant effect on the
total neutrophil response to bacterial stimulation. After adjustment to degranulation per
neutrophil an effect of exercise was observed (Table 4); despite an apparent trend for
suppressed responsiveness post-exercise post hoc paired t-tests and repeated contrasts
found no significant differences between arms (P>0.096).
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Circulating markers of cardiac injury
Exercise had no significant effects on h-FABP, myoglobin, CKMB or cTnI (Table 3). h-FABP
and myoglobin significantly fell during both arms suggesting a clearance through HD (effect
of time: both P<0.001); no anomalies or outliers were observed. Similarly, CKMB showed a
trend for a reduction across both arms (effect of time: P=0.06). The majority of cTnI results
were below the limits of detection, there was no pattern for increasing concentrations of
cTnI.
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Table 4. Acute effects of exercise on markers of systemic inflammation, haematology and neutrophil degranulation

Exercise at an intensity that patients found achievable during HD was sufficient to
cause a significant increase in SBP during exercise followed by notable post-exercise
hypotension. These deviations in blood pressure occurred without increasing markers of
myocardial damage. Further, intradialytic exercise did not exacerbate circulating markers of
inflammation or immune dysfunction.
Other studies have also observed an increase in SBP during a bout of intradialytic exercise
from as little as 10 min duration [30-32]. These studies concluded that exercise during HD
is met with a stable haemodynamic response; the cardiovascular response to exercise is
normal and superimposed onto the response to HD. However, if ultrafiltration volumes are
high, exercise may be contraindicated later in HD treatment due to gradually decreasing
blood pressure and cardiac output [33]. Normally, the maintenance of blood pressure
during HD is crucial and exacerbation of intradialytic hypotension may be detrimental to
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Intradialytic exercise had little effect on circulating cytokines or leukocyte counts. In
the general population circulating concentrations of IL-6 increase after a bout of exercise
[23]. Despite the potential for exacerbated circulating cytokine concentrations post-exercise
(reported in other conditions; e.g. COPD [42] and cystic fibrosis [43]) intradialytic exercise
had no effect. This may be because the exercise stimulus was insufficient, or that a minor
release was not noticeable above the effects of HD or uraemia, or that uraemia per se inhibits
the pathway for exercise-induced IL-6 secretion in the muscle as indicated by reduced muscle
IL-6 mRNA in response to exercise seen in 5/6 nephrectomy rats [44]. Short duration exercise
has been shown to exacerbate circulating TNF-α concentrations in COPD and heart failure
patients [45, 46]; reassuringly, this study found no increase in plasma TNF-α after exercise. A
recent systematic review highlighted a lack of understanding of the acute effects of exercise
on inflammatory markers in chronic inflammatory diseases [47]. One recent paper reported
an increase in IL-10 after HD including 20 min cycling with a similar absence of changes in
IL-6 and TNF-α [48]. Another study found no immediate change in CRP after intradialytic
resistance exercise despite a decrease in the antioxidant superoxide dismutase [49]. It is
therefore reassuring that the present study found no exacerbation of inflammation. Longterm anti-inflammatory benefits of regular exercise have been observed at low-to-moderate
intensity that is not associated with an acute release of IL-6 [50]. Whether regular exercise
of this nature has beneficial anti-inflammatory properties in HD patients is currently unclear
[51].
An observable trend for an increase in proportion of non-classical monocytes occurred
post-exercise. In healthy populations a preferential mobilisation of CD16+ monocytes
(specifically non-classical) is also observed after exercise [52] and similar results have been
recently been reported in pre-dialysis CKD patients [53]. Greater expression of adhesion
molecules on CD16+ monocytes result in a greater proportion of these phenotypes in
the marginal pool, particularly during HD [54]; it appears exercise causes an enhanced
demargination of these cells.
Both exercise and HD may stimulate a spontaneous elastase release [55, 56]. Importantly,
intradialytic exercise did not appear to exacerbate spontaneous elastase secretion that
increased during HD. Suppressed neutrophil degranulation is apparent after intense
exercise in healthy individuals [55]; conversely, enhanced neutrophil responsiveness was
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health [34]. Exercise places an additional demand upon the heart (as seen by the RPP) at a
time when it is at an increased susceptibility to demand ischaemia, potentially increasing
the risk of myocardial stunning and left ventricular dysfunction [7]. The post-exercise
hypotension witnessed therefore theoretically suggests an increased risk of myocardial
injury. Reassuringly however, markers of cardiac injury were not different between arms
and considering both cTnI and h-FABP have good sensitivity and specificity for detecting
myocardial damage in the immediate aftermath of a cardiac event [35, 36].
The observed fall in blood pressure post-exercise is not exclusive to intradialytic
exercise. Extensive reviews of ‘post-exercise hypotension’ in the general population show
SBP is frequently decreased in the hours following exercise. The response in healthy
individuals may be negligible but is marked in hypertensive populations [21]. ESRD patients
typically present with hypertension [37]; moderate-intensity walking exercise in patients
with earlier stage chronic kidney disease (CKD, stage 2-4) has been shown to significantly
reduce SBP and DBP during the hour following exercise compared with controls (-6.5 mm
Hg and -2.5 mm Hg) [38].
Despite the negative associations of intradialytic hypotension, there is no evidence, from
this or other studies, to suggest exercise causes any subclinical myocardial injury. Elsewhere,
no serious adverse events have been reported after around 28,000 h of intradialytic exercise
[13]. Moreover, ESRD patients who regularly exercise during HD improve heart rate
variability, left ventricular ejection fraction and risk rating of sudden cardiac death [39-41].
Further research is required to delineate myocardial and vascular function during and after
intradialytic exercise and the long-term impact of regular training.
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observed 1 h post-exercise in pre-dialysis CKD patients [57]. Neither a clear improvement
nor deterioration was observed here after intradialytic exercise.

Overall it appears that intradialytic exercise at the intensity and duration that HD
patients could manage in this trial did not exacerbate the circulating inflammatory factors
measured. The power output, although low, appears comparable to other studies [58] but
due to the different equipment and programmes used it is difficult to make meaningful
comparisons. The effect of altering exercise intensity or duration warrants future research.
The UF goal of this cohort of patients is representative of local practice but may be lower
than seen in other populations (e.g. higher in the US). Larger UF targets may exacerbate
alterations in blood pressure. Previous studies have shown that exercise later in HD (after
three hours) may be contraindicated for individuals with a high UF target [33]; therefore,
it seems advisable to consider both these aspects when prescribing exercise. Exercise late
in HD should be avoided for those susceptible to hypotension or having large fluid volumes
removed.
There are some limitations to this study which should be acknowledged. This study
represents a single mode, duration and intensity of exercise; other patterns of exercise may
have differing effects. The present mode and intensity was chosen as part of a pragmatic
approach on the basis of patient feedback. The patients in this study were accustomed to
intradialytic exercise, when patients first start an exercise programme and exercise is novel
a more exaggerated response may occur. Also, it should be noted that patients eligible to take
part in exercise are healthier with a lower risk of complications [59].
The randomised-crossover design allows direct comparisons to be made between the
two study periods and reduces the potential impact of confounding elements such as circadian
rhythm. The sample size precludes definitive conclusions from being made. However, it
does inform the design of further investigations examining post-exercise hypotension in HD
patients, especially to investigate whether a single bout of exercise has prolonged effects on
blood pressure and what impact other forms of exercise have.
Conclusion

In summary, exercise at an intensity that patients are able to complete during HD
caused an increase in blood pressure during exercise followed by a significant post-exercise
hypotension. In this instance, the intradialytic hypotension occurred in the absence of
myocardial injury and likely represents a normal haemodynamic response to exercise
superimposed onto the impact of HD. Intradialytic exercise did not exacerbate the proinflammatory environment or immune dysfunction associated with ESRD; therefore, from
both perspectives, moderate-intensity cycling exercise during HD is well tolerated.
Disclosure Statement

Outside the submitted work Reck UK (manufacturers of the exercise bike) funded MD,
HMLY and JOB to attend the 2012 BMJ Awards. There are no other financial conflicts of interest.
The results presented in this paper have not been published previously in whole or part,
except in abstract format. An abstract of preliminary data from this study was presented at
the 2013 American Society of Nephrology annual conference.
We thank all the staff and patients who gave up their time to participate in the study, and
the Leicester Kidney Care Appeal for their support of the study and the exercise programme.

Downloaded by:
149.126.76.65 - 4/8/2016 10:51:19 AM

Acknowledgement

Kidney Blood Press Res 2015;40:593-604
DOI: 10.1159/000368535
Published online: November 18, 2015

© 2015 The Author(s). Published by S. Karger AG, Basel
www.karger.com/kbr

602

Dungey/Bishop/Young/Burton/Smith: Exercise During Haemodialysis

This work was supported by the National Institute for Health Research (NIHR) Diet,
Lifestyle & Physical Activity Biomedical Research Unit based at University Hospitals of
Leicester and Loughborough University. The views expressed are those of the authors and
not necessarily those of the NHS, the NIHR or the Department of Health.

1
2
3

4
5
6
7
8
9

10

11

12
13
14

15

16
17

Kalantar-Zadeh K, Abbott KC, Salahudeen AK, Kilpatrick RD, Horwich TB: Survival advantages of obesity in
dialysis patients. Am J Clin Nutr 2005;81:543-554.
Stenvinkel P: Malnutrition and chronic inflammation as risk factors for cardiovascular disease in chronic
renal failure. Blood Purif 2001;19:143-151.
Sands JJ, Usvyat LA, Sullivan T, Segal JH, Zabetakis P, Kontanko P, Maddux FW, Diaz-Buxo JA: Intradialytic
hypotension: Frequency, sources of variation and correlation with clinical outcome. Hemodial Int
2014;18:415-422.
Cheung WW, Paik KH, Mak RH: Inflammation and cachexia in chronic kidney disease. Pediatr Nephrol
2010;25:711-724.
Vaziri ND, Pahl MV, Crum A, Norris K: Effect of uremia on structure and function of immune system. J Renal
Nutr 2012;22:149-156.
Betjes MG: Immune cell dysfunction and inflammation in end-stage renal disease. Nature Rev Nephrol
2013;9:255-265.
Burton JO, Jefferies HJ, Selby NM, McIntyre CW: Hemodialysis-induced cardiac injury: determinants and
associated outcomes. Clin J Am Soc Nephrol 2009;4:914-920.
Johansen KL, Chertow GM, Ng AV, Mulligan K, Carey S, Schoenfeld PY, Kent-Braun JA: Physical activity levels
in patients on hemodialysis and healthy sedentary controls. Kidney Int 2000;57:2564-2570.
Avesani CM, Trolonge S, Deleaval P, Baria F, Mafra D, Faxén-Irving G, Chauveau P, Teta D, Kamimura MA,
Cuppari L, Chan M, Heimbürger O, Fouque D: Physical activity and energy expenditure in haemodialysis
patients: an international survey. Nephrol Dial Transplant 2012;27:2430-2434.
Torino C, Manfredini F, Bolignano D, Aucella F, Baggetta R, Barillà A, Battaglia Y, Bertoli S, Bonanno G,
Castellino P, Ciurlino D, Cupisti A, D’Arrigo G, De Paola L, Fabrizi F, Fatuzzo P, Fuiano G, Lombari L, Lucisano
G, Messa P, Rapanà R, Rapisarda F, Rastelli S, Rocca-Rey L, Summaria C, Zuccalà A, Tripepi G, Catizone L,
Zoccali C, Mallamaci F: EXCITE Working Group: Physical performance and clinical outcomes in dialysis
patients: a secondary analysis of the Excite trial. Kidney Blood Press Res 2014;39:205-211.
Lane AD, Wu PT, Kistler B, Fitschen P, Tomayko E, Jeong JH, Chung HR, Yan H, Ranadive SM, Phillips S,
Fernhall B, Wilund K: Arterial stiffness and walk time in patients with end-stage renal disease. Kidney
Blood Press Res 2013;37:142-150.
Heiwe S, Jacobson SH: Exercise Training in Adults With CKD: A Systematic Review and Meta-analysis. Am J
Kidney Dis 2014;64:383-393.
Smart NA, Steele M: Exercise training in haemodialysis patients: A systematic review and meta‐analysis.
Nephrology 2011;16:626-632.
Van Craenenbroeck AH, Van Craenenbroeck EM, Kouidi E, Vrints CJ, Couttenye MM, Conraads VM: Vascular
effects of exercise training in CKD: Current evidence and pathophysiological mechanisms. Clin J Am Soc
Nephrol 2014;9:1305-1318.
Mosconi G, Cuna V, Tonioli M, Totti V, Roi GS, Sarto P, Stefoni S, Trerotola M, Costa AN: Physical Activity
in Solid Organ Transplant Recipients: Preliminary Results of the Italian Project. Kidney Blood Press Res
2014;39:220-227.
Kouidi E, Grekas D, Deligiannis A, Tourkantonis A: Outcomes of long-term exercise training in dialysis
patients: comparison of two training programs. Clin Nephrol 2004;61:S31-S38.
Nonoyama ML, Brooks D, Ponikvar A, Jassal SV, Kontos P, Devins GM, Spanjevic L, Heck C, Laprade J, Haglie
G: Exercise program to enhance physical performance and quality of life of older hemodialysis patients: a
feasibility study. Int Urol Nephrol 2010;42:1125-1130.

Downloaded by:
149.126.76.65 - 4/8/2016 10:51:19 AM

References

Kidney Blood Press Res 2015;40:593-604
DOI: 10.1159/000368535
Published online: November 18, 2015

© 2015 The Author(s). Published by S. Karger AG, Basel
www.karger.com/kbr

603

18

19
20

21
22

23
24
25
26
27
28
29
30
31
32
33
34

35

36

37

38

39

40

Capitanini A, Lange S, D‘Alessandro C, Salotti E, Tavolaro A, Baronti ME, Giannese D, Cupisti A: Dialysis
exercise team: the way to sustain exercise programs in hemodialysis patients. Kidney Blood Press Res
2014;39:129-133.
Aucella F, Valente GL, Catizone L: The role of physical activity in the CKD setting. Kidney Blood Press Res
2014;39:97-106.
Gleeson M, Bishop NC, Stensel DJ, Lindley MR, Mastana SS, Nimmo MA: The anti-inflammatory effects of
exercise: mechanisms and implications for the prevention and treatment of disease. Nature Rev Immunol
2011;11:607-615.
MacDonald JR: Potential causes, mechanisms, and implications of post exercise hypotension. J Hum
Hypertens 2002;16:225-236.
Walsh NP, Gleeson M, Shephard RJ, Gleeson M, Woods JA, Bishop NC, Fleshner M, Green C, Pedersen BK,
Hoffman-Goetz L, Rogers CJ, Northoff H, Abbasi A, Simon P: Position statement part one: immune function
and exercise. Exerc Immunol Rev 2011;17:6-63.
Pedersen BK, Febbraio MA: Muscle as an endocrine organ: focus on muscle-derived interleukin-6. Physiol
Rev 2008;88:1379-1406.
American College of Sports Medicine: ACSM's guidelines for exercise testing and prescription, 9th Ed.,
Baltimore, Lippincott Williams & Wilkins, 2013.
Borg GAV: Perceived exertion: a note on “history” and methods. Med Sci Sports Exerc 1973;5:90-93.
Dill DB, Costill DL: Calculation of percentage changes in volumes of blood, plasma, and red cells in
dehydration. J Appl Physiol 1974;37:247-248.
Ziegler-Heitbrock L, Hofer TP: Toward a refined definition of monocyte subsets. Front Immunol 2013;4:15.
Urbaniak GC, Plous S: Research Randomizer (version 3.0) [Computer software]. Available at www.
randomizer.org. Accessed August 2012.
Holm S: A simple sequentially rejective multiple test procedure. Scand J Stat 1979;6:65-70.
Barnea N, Drory Y, Iaina A, Lapidot C, Reisin E, Eliahou H, Kellermann JJ: Exercise tolerance in patients on
chronic hemodialysis. Israel J Med Sci 1980;16:17-21.
Burke EJ, Germain MJ, Graden GL, Fitzgibbons JP: Mild steady-state exercise during hemodialysis
treatment. Physician Sports Med 1984;12:153-157.
Banerjee A, Kong CH, Farrington K: The haemodynamic response to submaximal exercise during
isovolaemic haemodialysis. Nephrol Dial Transplant 2004;19:1528-1532.
Moore GE, Painter PL, Brinker KR, Stray-Gundersen J, Mitchell JH: Cardiovascular response to submaximal
stationary cycling during hemodialysis. Am J Kidney Dis 1998;31:631-637.
Park J, Rhee CM, Sim JJ, Kim Y-L, Ricks J, Streja E, Vashistha T, Tolouian R, Kovesdy CP, Kalantar-Zadeh K: A
comparative effectiveness research study of the change in blood pressure during hemodialysis treatment
and survival. Kidney Int 2013;84:795-802.
McCann CJ, Glover BM, Menown IB, Moore MJ, McEneny J, Owens CG, Smith B, Sharpe PC, Young IS, Adgey
JA: Novel biomarkers in early diagnosis of acute myocardial infarction compared with cardiac troponin T.
Eur Heart J 2008;29:2843-2850.
McMahon CG, Lamont JV, Curtin E, McConnell RI, Crochard M, Kurth J, Crean P, Fitzgerald SP: Diagnostic
accuracy of heart-type fatty acid–binding protein for the early diagnosis of acute myocardial infarction. Am
J Emerg Med 2012;30:267-274.
Rao MV, Qiu Y, Wang C, Bakris G: Hypertension and CKD: Kidney Early Evaluation Program (KEEP)
and National Health and Nutrition Examination Survey (NHANES), 1999-2004. Am J Kidney Dis
2008;51:S30-S37.
Headley SA, Germain MJ, Milch CM, Buchholz MP, Coughlin MA, Pescatello LS: Immediate blood pressure‐
lowering effects of aerobic exercise among patients with chronic kidney disease. Nephrology 2008;13:601606.
Kouidi EJ, Grekas DM, Deligiannis AP: Effects of exercise training on noninvasive cardiac measures in
patients undergoing long-term hemodialysis: a randomized controlled trial. Am J Kidney Dis 2009;54:511521.
Kouidi E, Karagiannis V, Grekas D, Iakovides A, Kaprinis G, Tourkantonis A, Deligiannis A: Depression, heart
rate variability, and exercise training in dialysis patients. Eur J Cardiovasc Prev Rehabil 2010;17:160-167.

Downloaded by:
149.126.76.65 - 4/8/2016 10:51:19 AM

Dungey/Bishop/Young/Burton/Smith: Exercise During Haemodialysis

Kidney Blood Press Res 2015;40:593-604
DOI: 10.1159/000368535
Published online: November 18, 2015

© 2015 The Author(s). Published by S. Karger AG, Basel
www.karger.com/kbr

604

41

42
43

44

45

46

47

48
49

50
51
52
53

54
55
56

57
58

59

Reboredo MM, Pinheiro BV, Neder JA, Ávila MPW, Ribeiro MLBA, Mendonça AF, Mello MV, Bainha ACC, Filho
JD, Paula RB: Effects of aerobic training during hemodialysis on heart rate variability and left ventricular
function in end-stage renal disease patients. J Brasil Nephrol 2010;32:372-379.
van Helvoort HA, Heijdra YF, Thijs HM, Viña J, Wanten GJ, Dekhuijzen PR: Exercise-induced systemic effects
in muscle-wasted patients with COPD. Med Sci Sports Exerc 2006;38:1543-1552.
Ionescu AA, Mickleborough TD, Bolton CE, Lindley MR, Nixon LS, Dunseath G, Luzio S, Owens DR, Shale DJ:
The systemic inflammatory response to exercise in adults with cystic fibrosis. J Cyst Fibros 2006;5:105112.
Dünner NH, Venegas F, Peña JP, Coronado FG, Jaimovich E, Michea LF: Uremia Decreases the IL-6 Response
to Exercise of Skeletal Muscle: Alteration in JAK2/STAT3 and AMPK Signaling [Abstract]. J Am Soc Nephrol
2011;22:663A.
Kinugawa T, Kato M, Ogino K, Osaki S, Tomikura Y, Igawa O, Hisatome I, Shigemasa C: Interleukin-6 and
tumor necrosis factor-α levels increase in response to maximal exercise in patients with chronic heart
failure. Int J Cardiol 2003;87:83-90.
Rabinovich RA, Figueras M, Ardite E, Carbó N, Troosters T, Filella X, Barberà JA, Fernandez-Checa JC, Argilés
JM, Roca J: Increased tumour necrosis factor‐α plasma levels during moderate-intensity exercise in COPD
patients. Eur Respir J 2003;21:789-794.
Ploeger HE, Takken T, De Greef MH, Timmons BW: The effects of acute and chronic exercise on
inflammatory markers in children and adults with a chronic inflammatory disease: a systematic review.
Exerc Immunol Rev 2009;15:6-41.
Peres A, Perotto DL, Dorneles GP, Fuhro MIS, Monteiro MB: Effects of intradialytic exercise on systemic
cytokine in patients with chronic kidney disease. Ren Fail 2015;37:1430-1434.
Esgalhado M, Stockler-Pinto MB, de França Cardozo LFM, Costa C, Barboza, JE, Mafra D: Effect of acute
intradialytic strength physical exercise on oxidative stress and inflammatory responses in hemodialysis
patients. Kidney Res Clin Pract 2015;34:35-40.
Fischer CP: Interleukin-6 in acute exercise and training: what is the biological relevance? Exerc Immunol
Rev 2006;12:6-33.
Dungey M, Hull KL, Smith AC, Burton JO, Bishop NC: Inflammatory factors and exercise in chronic kidney
disease. Int J Endocrinol 2013;2013:569831.
Simpson RJ, McFarlin BK, McSporran C, Spielmann G, Guy K: Toll-like receptor expression on classic and
pro-inflammatory blood monocytes after acute exercise in humans. Brain Behav Immun 2009;23:232-239.
Van Craenenbroeck AH, Van Ackeren K, Hoymans VY, Roeykens J, Verpooten GA, Vrints CJ, Couttenye MM,
Van Craenenbroeck EM: Acute Exercise-Induced Response of Monocyte Subtypes in Chronic Heart and
Renal Failure. Mediators Inflamm 2014;2014:216534.
Rogacev KS, Ziegelin M, Ulrich C, Seiler S, Girndt M, Fliser D, Heine GH: Haemodialysis-induced transient
CD16+ monocytopenia and cardiovascular outcome. Nephrol Dial Transplant 2009;24:3480-3486.
Blannin AK, Gleeson M, Brooks S, Cave R: Acute effect of exercise on human neutrophil degranulation
[Abstract]. J Physiol 1996;495:140P.
Costa E, Rocha S, Rocha-Pereira P, Nascimento H, Castro E, Miranda V, do Sameiro FM, Loureiro A,
Quintanilha A, Belo L, Santos-Silva A: Neutrophil activation and resistance to recombinant human
erythropoietin therapy in hemodialysis patients. Am J Nephrol 2008;28:935-940.
Viana JL, Kosmadakis GC, Watson EL, Bevington A, Feehally J, Bishop NC, Smith AC: Evidence for AntiInflammatory Effects of Exercise in CKD. J Am Soc Nephrol 2014;25:2121-2130.
DePaul V, Moreland J, Eager T, Clase CM: The effectiveness of aerobic and muscle strength training in
patients receiving hemodialysis and EPO: a randomized controlled trial. Am J Kidney Dis 2002;40:12191229.
Baggetta R, Bolignano D, Torino C, Manfredini F, Aucella F, Barillà A, Battaglia Y, Bertoli S, Bonanno G,
Castellino P, Ciurlino D, Cupisti A, D’Arrigo G, De Paola L, Fabrizi F, Fatuzzo P, Fuiano G, Lobardi L, Lucisano
G, Messa P, Rapana R, Rapisarda F, Rastelli S, Rocca-Rey L, Summaria C, Zuccalà A, Abd ElHafeez S, Tripepi
G, Catizone L, Mallamaci F, Zoccali C: EXCITE Working Group: Fitness for entering a simple exercise
program and mortality: a study corollary to the exercise introduction to enhance performance in dialysis
(Excite) trial. Kidney Blood Press Res 2014;39:197-204.

Downloaded by:
149.126.76.65 - 4/8/2016 10:51:19 AM

Dungey/Bishop/Young/Burton/Smith: Exercise During Haemodialysis

