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Abstract
Purpose Limited data exist regarding the effects of detraining on functional capacity and quality of life (QoL) in the hemo-
dialysis population. The aim of the current study was to assess whether the discontinuation from a systematic intradialytic 
exercise training program will affect aspects of health-related QoL and functional capacity in hemodialysis patients.
Methods Seventeen hemodialysis patients (12 Males/5 Females, age 60.8 ± 13.6 year) participated in this study. Patients 
were assessed for functional capacity using various functional capacity tests while QoL, daily sleepiness, sleep quality, 
depression and fatigue were assessed using validated questionnaires at the end of a 12-month aerobic exercise program and 
after 12 months of detraining.
Results The detraining significantly reduced patients’ QoL score by 20% (P = 0.01). More affected were aspects related to 
the physical component summary of the QoL (P < 0.001) rather than those related to the mental one (P = 0.096). In addition, 
the performance in the functional capacity tests was reduced (P < 0.05), while sleep quality (P = 0.020) and daily sleepiness 
scores (P = 0.006) were significantly worse after the detraining period. Depressive symptoms (P = 0.214) and the level of 
fatigue (P = 0.163) did not change significantly.
Conclusions Detraining has a detrimental effect in patients’ QoL, functional capacity and sleep quality. The affected physical 
health contributed significantly to the lower QoL score. It is crucial for the chronic disease patients, even during emergencies 
such as lockdowns and restrictions in activities to maintain a minimum level of activity to preserve some of the acquired 
benefits and maintain their health status.
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Introduction

End stage renal disease (ESRD) is often associated with 
various comorbidities such as hypertension, diabetes mel-
litus and cardiovascular disease, as well as with increased 

morbidity and mortality [1]. In addition, several studies have 
shown that the vast majority of hemodialysis patients suffer 
from significant impaired quality of life (QoL) and physical 
inactivity [2–4].
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In the last years many studies reported that regular exer-
cise, both aerobic and resistance training, is safe and bene-
ficial to ESRD patients, including patients on hemodialysis 
[5, 6]. Findings from exercise trials have demonstrated sig-
nificant benefits in psychological aspects (such as depres-
sion symptoms, confidence, sense of independence) and 
functional capacity (ability to perform daily activities) 
for this patient’s population [5, 7–13]. Nonetheless, it is 
postulated that exercise improves sleep disturbances of 
hemodialysis patients and, consequently QoL aspects [14].

However, many clinical exercise programs in hemodi-
alysis units are not part of the usual treatment of ESRD 
patients, mostly of them are run on low budgets with par-
tial or no financial support from the national health care 
systems and have limited duration often leading to large 
periods of program’s discontinuation [15]. In addition, fac-
tors that may influence the participation of ESRD patients 
in systematic exercise training programs may include lack 
of motive to exercise, need of personalized exercise pro-
gram, nurses’ lack of encouragement to exercise, trans-
portation issues and usage of exercise equipment during 
the hemodialysis session issues [15, 16]. Moreover, a 
recent study on hemodialysis patients recognizes factors 
such as fatigue and pain feelings in both hemodialysis and 
non-hemodialysis days, other medical problems, fear for 
injury and unwillingness for exercise as significant barriers 
towards physical activity [17]. Of interest is the outcome 
of the same study that healthcare staff’s negative attitudes 
toward exercise and physical activity of the patients was 
strongly associated with the low physical activity status 
of the patient.

If on one hand the physical exercise on hemodialysis 
patients promotes morphological, physiological and func-
tional benefits, the time required keeping these improve-
ments after the training interruption remains unclear. This 
interruption also known as detraining could lead to partial 
or complete loss of adaptations and performance induced 
by training and vary depending on quantity and quality 
of the pause period. Indeed, the findings of a recent pilot 
study reveal that detraining (discontinuation of exercise 
training for 10 months) could result in a significant loss of 
the previously gained functional capacity as assessed by 
the six-minute walk test [18]. However, it is still unclear 
whether detraining could lead to significant reductions in 
various other functional capacity (i.e. lower limb muscle 
strength) and quality of life aspects in the hemodialysis 
patients.

Thus, the aim of the present study was to investigate 
whether the discontinuation and long- term withdrawal from 
a systematic intradialytic exercise training program affects 
aspects of health-related QoL, sleep quality, fatigue, depres-
sion and functional capacity in patients receiving hemodi-
alysis therapy.

Materials and methods

Participants

Seventeen hemodialysis patients (12 Males/5 Females, 
age 60.8 ± 13.6 year) previously recruited to participate on 
12 months of intradialytic exercise training program from 
the dialysis unit at the General Hospital of Trikala, Greece. 
Patients who completed a 12-month intradialytic aero-
bic exercise program included in this study. Entry criteria 
included also being on chronic hemodialysis for 6 months 
or more with adequate dialysis efficacy (Kt/V more than 
1.3). Patients were excluded if they did not complete the 
12 months intradialytic exercise training program. Dur-
ing the 12 months detraining period, none of the recruited 
patients were hospitalized for any reason. All patients gave 
informed consent prior to study participation. The study was 
approved by the Ethics Committee on Human Research at 
the University of Thessaly, Greece.

Study design

Patients were studied at the General Hospital of Trikala, 
Greece, using validated questionnaires and functional tests 
at the end of a 12-month of intradialytic aerobic (cycling) 
exercise program using a Monark cycle ergometer (Monark, 
Sweden) and at 12 months of detraining. The exercise train-
ing program consisted by 3 sessions per week/45 min each 
session at an intensity between 60–65% of the patient’s max-
imal capacity of exercise. Maximal capacity of exercise was 
evaluated by an incremental cycle ergometry test to voli-
tional exhaustion. The questionnaire materials were com-
pleted with interview methods by experienced personnel.

Questionnaires

The SF-36 questionnaire [19] was used for the assessment of 
the QoL levels of the patients. Daily sleepiness was assessed 
by the Epworth sleepiness scale [20]. The Zung self-rating 
depression scale was used to assess the subjective depres-
sion score [21]. Quality of sleep was estimated using a 7-day 
sleep diary using Weekly Sleep Questionnaire. The sleep 
diary contained questions about how often during the pre-
vious week dialysis patients experienced any of the follow-
ing: (1) difficulties falling asleep, (2) number of nocturnal 
awakenings, (3) difficulties remaining asleep, (4) the sen-
sation of waking-up tired and fatigued, (5) day time stress 
and (6) how often did they feel refreshed after the night’s 
sleep. The sleep diary scored as: ‘never’ (0 points), ‘1–2 
times a week’ (1 point), ‘3–5 times a week’ (2 points), ‘6–7 
times a week’ (3 points). For question number 6 the scoring 
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was reversed with 3 points for the answer ‘never’, and 0 
points for the answer ‘6–7 times a week’. The sleep diary 
score was calculated as the sum of the total points with the 
minimum at zero points and the maximum score at 18 [22]. 
Fatigue severity was assessed by the Fatigue Severity Scale 
(FSS) [23]. We should note that all the questionnaires used 
in the present study are commonly used in patients receiving 
hemodialysis therapy.

Functional capacity assessment

The patient’s functional capacity was assessed by two sit-to-
stand (STS) tests: the STS-5 (the time taken to complete 5 
sit-to-stand-to-sit cycles) and the STS60 (number of sit-to-
stand-to-sit cycles in 60 s), and the fast walk test (measured 
the time spent to walk as fast as possible 6.06 m distance) 
[24, 25].

Statistical analysis

All data are presented as means ± SD. Paired t tests were 
used to identify differences between all variables at the end 
of a 12-month of intradialytic aerobic exercise program and 
at 12 months of detraining. All analyses were carried out 
using the statistical package SPSS 17. P < 0.05 was consid-
ered statistically significant. Hedge’s bias corrected relative 
effect size and was calculated for all comparisons. Effect 
sizes were rated according to the conventions of Cohen as 
small (0.20), moderate (0.50), or large (0.80).

Power analysis

Power analysis was performed using the open source soft-
ware G*Power (3.1.9.2) and was used to calculate the 
achieved power with the current number of participants. A 
Post-hoc analysis revealed that in two of the main parameters 
related to the aims of the study (STS60 and QoL Total score) 
showed enough power to detect statistical significant differ-
ences between the two paired groups (within groups STS60: 
Effect size dz = 0.7104198, sample size N = 17, Df = 16, Crit-
ical t = 2.1199053, Power (1-β err prob) = 0.7104198; within 
groups QoL Total Score: Effect size dz = 0.8806118, sample 
size N = 17, Df = 16, Critical t = 2.1199053, Power (1-β err 
prob) = 0.9258608).

Results

Characteristics (including age, body mass index-BMI & 
years of dialysis) of the patients who followed the intra-
dialytic exercise program for 12 months are presented in 
Table 1. Functional capacity (Fig. 1) and various SF-36 QoL 
questionnaire- derived scales decreased after 12 months of 

detraining (Table 2). In particular, the time required to com-
plete the STS-5 increased by 22%, the number of repeti-
tions on STS60 decreased by 21% and time to complete the 
walking test increased by 15% with all differences showed 
moderate to large effect size. For the QoL questionnaire, 
physical function domain decreased by 33% (P < 0.001), role 
function by 42% (P = 0.004), body pain increased by 26% 
(P = 0.006), general health decreased by 21% (P = 0.042) 
and vitality decreased by 26% (P = 0.003), most of variables 
showed large effect size (> 0.80). The variables related to 
mental health [social function, role emotional and mental 
health, with the exception to vitality (which decreased by 
25%, P = 0.003)] showed reduced tendency but not sta-
tistically significant. Overall, physical health component 
summary which includes physical function, physical role, 
body pain and general health decreased significantly by 
29% (P < 0.001, with large effect size). On the other hand, 
mental health component summary which includes vitality, 
social functioning and role emotional, despite the fact that 
appeared decreased by 10%, this difference did not reach 
statistical significance levels (P > 0.05, with small effect 
size). The total score of QoL, was statistically significant 
decreased by 19% (P = 0.001, with large effect size) after 
12 months of detraining.

Also, 12 months of detraining affect sleep quality. Sleep 
diary questionnaire indicated significant reduction by 47% 
(P = 0.020) whereas daytime sleepiness increased sig-
nificantly by 69% (P = 0.006), both with large effect size. 
Moreover, Zung Self-Rating Depression scale and fatigue 
severity scale showed a non-statistical significant tendency 
to decrease after the detraining period (P > 0.05, small effect 
size) (Table 2).

Discussion

It has been shown that absence of any systematic and organ-
ized aerobic exercise training for 12 months reduces signifi-
cantly many aspects of health-related quality of life includ-
ing functional capacity and sleep quality in ESRD patients 
receiving hemodialysis therapy. On the other hand, depres-
sive symptoms, subjective fatigue and mental parameters of 

Table 1  Patient characteristics

Data are mean ± SD
BMI body mass index

N 17
Male/Female 12/5
Age, yr 60.8 ± 13.6
BMI (kg/m2) 26.3 ± 3.9
Years of dialysis 7.4 ± 4.1
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Fig. 1  Functional capacity at the end of exercise training program and following 12 months of detraining. Data are mean ± SD. *Significantly 
different from the respective baseline value. STS sit-to-stand

Table 2  Functional capacity, 
quality of life, fatigue severity, 
sleep quality and depression 
at the end of exercise training 
program and following 
12 months of detraining

Data are mean ± SD
Statistically significant p values are in bold (p < 0.05)
STS sit-to-stand; SF-36 short-form quality of life survey; FSS fatigue severity scale
*Significantly different from the respective baseline value

Variables Exercise Detraining p value ES

Functional capacity*
 STS-5 (seconds) 7.96 ± 1.03 10.18 ± 3.17 0.014 0.912
 STS60 (repetitions) 31.33 ± 7.69 26.00 ± 7.30 0.003 0.688
 Fasting walking (seconds) 3.49 ± 0.064 4.12 ± 1.11 0.020 0.673

SF-36 quality of life
 Physical function 87.33 ± 16.99 58.67 ± 25.67  < 0.001 1.29
 Role function 80.00 ± 33.00 46.67 ± 42.12 0.004 0.86
 Body pain 88.87 ± 17.65 65.73 ± 27.66 0.006 0.97
 General health 64.67 ± 17.59 51.13 ± 23.81 0.042 0.63
 Vitality 71.33 ± 17.97 53.00 ± 22.58 0.003 1.40
 Social functioning 85.93 ± 21.94 83.47 ± 20.40 0.708 0.11
 Role emotional 82.20 ± 33.07 77.73 ± 34.97 0.632 0.13
 Mental health 72.27 ± 15.45 71.73 ± 14.30 0.894 0.04
 Physical health 77.67 ± 16.91 54.93 ± 21.57  < 0.001 1.15
 Mental health 74.80 ± 14.70 67.47 ± 17.28 0.096 0.45
 Total 78.73 ± 15.19 63.53 ± 18.77 0.001 0.87

Fatigue severity scale
 FSS 4.47 ± 1.33 4.83 ± 1.45 0.163 0.25

Pittsburgh sleep quality index
 Sleep diary 5.27 ± 1.94 7.73 ± 3.58 0.020 0.83
 Epworth 6.40 ± 3.56 10.80 ± 6.46 0.006 0.82

Zung self-rating depression scale 37.47 ± 7.63 33.60 ± 9.87 0.214 0.43
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QoL did not significantly change after 12 months of detrain-
ing despite the deterioration of those values.

It is well established that intradialytic exercise training 
improves many aspects of QoL and overall health in hemo-
dialysis patients [5, 6]. Benefits include improvement in 
physical performance and functional capacity indices, physi-
ological and biochemical adaptations and many psychologi-
cal and mental health benefits for patients who participate 
in systematic exercise training programs [5, 6, 26]. On the 
other hand, in situations like COVID 19 lockdown where the 
cessation of exercise training is possible, it could result to a 
significant loss of the previously obtained beneficial adapta-
tions affecting all aspects of health and reducing QoL levels 
to even below the pre-exercise participation levels, which 
are usually very low due to the burden of the disease [18].

Patients with chronic diseases should follow an active 
lifestyle through their lives on a longitudinal level to improve 
or maintain as possible their functionality level and QoL 
[27]. However, there is a notorious controversy regarding the 
required absence time from any systematic exercise training 
to lose all the acquired adaptations. The vast majority of 
the published studies on “detraining effect” (or reduction 
in exercise training volume) on physical performance, body 
composition and skeletal muscle physiology and biochemis-
try, involved athletes and physically-active populations [28, 
29], whilst data are available also from bed rest studies [30] 
and studies on astronauts [31]. Briefly, these findings report 
significant reductions in cardiorespiratory capacity [29], 
muscle strength and power, alternations in muscle fiber type 
(i.e. from IIa to IIx) [32] and changes in enzyme content and 
mitochondrial-related parameters within the skeletal muscle 
[33, 34], reductions in muscle mass and increases in fat mass 
[28] and changes in blood lipids profile [28].

However, as exercise is finally considered an effective 
approach in managing symptoms and disease burden in 
patients with chronic conditions, detraining data are lim-
ited. For instance, reports over stroke patients [35], older 
people [36] and chronic obstructive pulmonary disease 
patients [37] have demonstrated detraining negative effects 
over time in functional capacity and strength levels. Notably, 
the decrease in various physical performance and functional 
capacity parameters could appear even within a few months 
of absence of training [38].

Among hemodialysis populations, the available pub-
lished data on detraining effect on physiological parameters 
are limited. For instance, Mustata et al. demonstrated that 
one-month detraining following 3 months of aerobic exer-
cise, reverted arterial stiffness to pre-exercise levels [39]. 
Moreover, only one study examined the effects of long-term 
detraining periods (10 months) in hemodialysis patients 
[18]. It seems that the magnitude of the impact depends on 
the percentage of reduction in physical activity, at least in 
the healthy populations [40]. It seems that it’s crucial for the 

chronic disease patients, even during emergency situations 
such as lockdowns and restrictions in activities to maintain 
a minimum level of activity to preserve some of the acquired 
benefits.

The capacity of fast walking appeared significantly 
impaired after the 12  months of detraining. This is in 
line with other studies in non-ESRD populations, which 
reported that gait speed was the most affected parameter 
after a detraining period [41]. Moreover, the current study 
presents novel findings about the negative effect of detrain-
ing on lower extremities muscle endurance and strength of 
hemodialysis patients as assessed by the sit-to-stand tests. 
Changes in strength levels have been reported in previous 
detraining-related studies in athletes attributed to muscular 
and neural factors [42, 43]. Since previous trials have been 
showing that reduced leg-muscle strength was associated 
with lower outcomes in functional capacity among hemodi-
alysis patients [44, 45], it is possible that the loss of strength 
due to long-term detrained accounted for the decreased 
physical component of QoL observed in the present study. 
Nevertheless, other parameters affecting muscle mass such 
as sleep quality has been associated with impaired functional 
capacity among hemodialysis patients [46].

The findings of the current study expose the detrimental 
effect of detraining in QoL-related parameters in patients 
receiving hemodialysis therapy. In particular, the total score 
of QoL and sleep quality significant decreased by 19% and 
47% respectively. Furthermore, the daytime sleepiness 
increased significantly by 69% after 12 months of detraining 
implying deterioration of the overall sleep quality. Addition-
ally, mental health aspects such as vitality, social functioning 
and role emotional decreased as well by 10%.

It is known that fatigue is one of the most common 
symptoms reported by hemodialysis patients, affecting the 
patients’ QoL and health [47]. Generally, patients receiving 
hemodialysis are subject to low levels of physical activity 
and functional capacity which leads to generalized weak-
ness, exercise intolerance and later in depression symptoms 
[47]. Furthermore, recent studies indicated that intradialytic 
exercise programs improved physical, functional, biologi-
cal and psychological parameters which lead to the progres-
sive increase of vitality and overall QoL [48, 49]. On the 
contrary, the interruption of any systematic exercise train-
ing, leads to loss of the improvements obtained throughout 
exercise intervention including health-related QoL as it is 
clearly presented in the current study. However, our data 
are in contrast with the findings of a 10 months detraining 
pilot study in the same population where QoL did not change 
significantly [18].

Hemodialysis patients confront different tensional fac-
tors such as family problems, depression, severe fatigue, 
social exclusion, unemployment, psychosocial factors and 
threaten to death which leads this population to high level 
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of depression [50–52]. However, it is consensus in the litera-
ture that exercise have beneficial physical and psychological 
effects on patients under hemodialysis as one of the acces-
sory therapeutic methods [53, 54]. Yet, in our study, param-
eters such fatigue and depression showed small downward 
changes with no statistically significance after 12-months 
detraining. A potential reason for the lack of observed effects 
on fatigue and depression scale after 12 months detraining 
is that some of the patients after experiencing the benefits of 
an exercise training program continue to have a physically-
active lifestyle without participating in a training schedule. 
It seems that the everyday physical activity protects the 
patients from the negative effects of detraining in aspects 
related to mental health.

In the current study, it is necessary to point out some 
strengths and weaknesses. This is the first study to assess 
the impact of a detraining period on HD patients’ functional 
capacity and quality of life. An additional strength is the use 
of gold standard methodology including a battery of func-
tional tests and validated questionnaires. On the other hand, 
one of the major limitations of this study is the inability to 
assess body composition and other health-related parameters 
such as blood lipids to indicate the effect of detraining in 
these parameters. In addition, physiological indices of car-
diorespiratory fitness derived by an incremental test using 
gas-analyzers could give us an indication about the effect 
of detraining in this parameter also. In addition, the lack of 
the pre-12 months training data is an important limitation 
of the study making the comparison between “pre train-
ing baseline” and “post detraining time point” unfeasible. 
Another strong limitation is that the current study design 
lacks an untrained control group that it would have helped 
better assessing the impact of detraining in patients overall 
physical capacity. However, limited evidence exists in the 
literature about the effects of detraining from a systematic 
intradialytic exercise training program which affect aspects 
of health-related QoL in patients receiving hemodialysis 
therapy and therefore we are plausible to believe that the 
outcomes of the current study bears of high significance.

In conclusion, this study enhances the importance of 
maintaining a high fitness level either by a physically-active 
life style or participating in a systematic exercise training 
program in patients receiving hemodialysis therapy. Absence 
of systematic physical activity for 12 months could result 
in significant losses in functional capacity and reductions 
in health-related quality of life parameters. Future stud-
ies should assess the effect of detraining in physiological 
and biochemical parameters which are closely related to 
health and quality of care in patients receiving hemodialy-
sis therapy.
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