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Abstract
Background

Maintenance hemodialysis (MHD) patients is the representative of the sedentary group and often suffer
from physical inactivity. Exercise rehabilitation is not widely included in dialysis care despite
demonstrated health bene�ts. This study aimed to evaluate the effectiveness of intradialytic group
exercise in MHD patients.

Methods

This was a single center, single-group repeated-measures design study, which included MHD patients in
the hemodialysis center in Taizhou, China. The 12-week, 3 times per week intradialytic group exercise
programme was conducted around 30 min during the �rst 2 hours of each dialysis session.
Anthropometric indicators, including Body Mass Index (BMI), Triceps Skinfold Thickness (TSF), Mid-upper
Arm Circumference (MUAC), Mid-arm Muscle Circumference (MAMC) Handgrip Strength (HGS), and
quality of life were measured at baseline, 4-week follow up and 12-week follow up. Laboratory indicators,
including Hemoglobin level (Hb), Total Protein (TP) and Albumin (Alb) were measured at baseline and 12-
week follow up. The repeated-measures analysis of variance and Friedman test were used to compare the
parametric and non‐parametric data at three time points, respectively. Paired t test was used to compare
the continuous parametric between two time points.

Results

Ninety patients were enrolled at baseline and seventy-�ve patients �nished the whole 12-week exercise
programme. There were 7 patients dropped out for losing of motivation and sample churn rate for losing
of motivation was 7.8% (7/90). Participants reported signi�cant improvements in most of the outcomes,
TSF (F (2, 148) = 28.908, p = 0.000), MUMC (F (2, 148) = 3.1821, p = 0.044), MAMC (F (2, 148) = 27.795, p
= 0.000), HGS (F (2, 148) = 42.383, p = 0.000), TP (F (t = -2.417, p = 0.018), ALB (t -3.190, p = 0.002), Hb (t
= -2.353, p = 0.021), and QOL (F (2, 148) = 10.48, p = 0.000).

Conclusions

The positive results from this research suggest that intradialytic group exercise programme including
aerobic exercise and resistance exercise is a safe and suitable exercise way for maintenance
hemodialysis patients. This exercise can help keep patients’ motivation and improve nutritional status
and quality of life in maintenance hemodialysis patients.

Background
Chronic kidney disease (CKD) has become a leading public health problem in the past decade[1] and it
gains a high prevalence in developing countries. End-stage renal disease (ESRD) is a major lethal factor
in patients with CKD. ESRD is incurable unless it is managed by a renal transplantation. For the lack of
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renal graft, lifelong dialysis has been the main treatment for most ESRD patients. In China, maintenance
hemodialysis (MHD) is the most widely used therapeutic approach for the treatment of ESRD, the number
of MHD patients reached to 710,000 in 2019[2]. Due to anemia, comorbid diseases (such as
cardiovascular and pulmonary diseases, infection and diabetes mellitus), malnutrition, consequences of
renal failure per se (such as abnormal muscle ultrastructure, mitochondrial dysfunction and �uid and
electrolyte), and physical deconditioning, MHD patients become the representative of the sedentary group
and often suffer from physical inactivity[3, 4], which subsequently result in impaired exercise capacity,
ultimately muscle wasting, an increased risk of hospitalization and mortality and a poor quality of life
(QOL)[4–7].

Given the fact that low physical activity is prevalent and harmful, the Kidney Disease Outcomes Quality
Initiative Clinical Practice Guidelines recommend all dialysis patients to increase their level of physical
activity[8]. The whole nephrology staffs are also encouraged to help patients engage in it[9]. Exercise
training, as a type of physical activity, has been shown great bene�ts for MHD patients. Suitable and
regular exercise can improve their physical function, nutritional status, psychological status, survival rate
and QOL[10–13].

Based on the exercise time, exercise training in MHD patients can be divided into intradialytic exercise
and extradialytic exercise. Intradialytic exercise is superior to interdialytic exercise in patient adherence
and medical staffs’ supervision[14, 15]. Exercise training can be subdivided into three major types based
on the exercise type, including aerobic exercise, resistance exercise and a combination of above two
types. All these three types of exercise have been con�rmed the safety and effectiveness of exercise
training in MHD patients[13, 16]. Although exercise training has received increasing attention in MHD
patients, it remains a neglected aspect of dialysis care. There are many barriers to encourage both
patients and health professionals to increase the level of physical activity of dialysis patients[8, 12].
Among which, the lack of exercise-related knowledge, the fear of injuries and the lack of motivation are
the common barriers from the patients’ perspective, and resources restrictions are the major ones from
the perspectives of health providers[17].

Group exercise is a type of exercise, which means a group of people with some common characteristics
do exercise together. The social interaction and sense of belonging involved in it have been proved to
have a positive effect on motivation and adherence to the interventions[18, 19]. Moreover, group exercise
provides a resource-saved way of exercise training, because several patients get together and exercise
under the supervision of the same health professionals. So, this way of exercise training has two-way
bene�ts for patients and caregivers. Dialysis units can be sociable and are suitable for the conduct of
group exercise[20, 21]. This exercise may allow individuals with MHD patients to maintain and increase
their level of physical activity. To our knowledge, the effects of intradialytic group exercise in MHD
patients are not clear. Thus, the aim of our study was to examine the effects of a 12-week intradialytic
group exercise programme on the malnutrition and QOL in MHD patients.

Methods
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Study design

The 12-week study applied a repeated measure research design. The study was registered in the Chinese
Clinical Trial Registry (ChiCTR2000034394), and was conducted according to the Declaration of Helsinki
and approved by the Ethics Committee of Taizhou People’s Hospital, China (KY 202004001). All
participants gave informed consent before participation.

Participants

A total of 178 MHD patients, who took regular maintenance hemodialysis in the Hemopuri�cation Center,
the Taizhou People’s Hospital from May to June 2020, were available for enrollment. The study included
participants who (1) were 18 years of age or older, (2) had been receiving hemodialysis treatment for
more than 3 months, (3) took hemodialysis 4 hours per time and 3 times per week (Monday-Wednesday-
Friday or Tuesday-Thursday-Saturday), (4) had no physical disability and both upper and lower muscle
strength were not less than grade III, (5) could communicate normally, and (6) were willing to take part in
the study and gave informed consent. The excluded criteria were as follows: (1) had serious
complications such as uncontrolled cardiovascular disease, malignant tumors, serious infection, and
active bleeding, (2) lost exercise motivation, and (3) unable to �nish the whole exercise programme, such
as taking a surgery, hospitalization, being dead or transferring to another blood puri�cation center.
Among the 178 MHD patients, 90 patients were recruited at the baseline and 75 patients �nish the whole
exercise programme. The �ow chart of patients during the study is shown in Fig.1.

Intervention

The Hemopuri�cation Center is divided into10 wards, with 4 to 10 beds in each. The center staff assigned
the participations, with good relationships and under the same puri�cation time, into the same ward and
these patients were seen as a group. After then, the puri�cation bed was �xed unless the patients wanted
a change.

The 12-week, 3times per week intradialytic group exercise programme was conducted around 30 min
during the �rst 2 hours[4, 22, 23] of each hemodialysis session, and consisted of aerobic exercise and
resistance exercise. Before the puri�cation started, the participations would take a 5-minite warm up
exercise by muscle stretching. After starting the exercise, the patients remained lying on the bed until the
end of the puri�cation treatment. A polite study was conducted to determine the feasibility and safety of
the exercise protocol.

Aerobic exercise was �rstly performed in the upper limb without arteriovenous �stula, including �st
clenching-relaxing movements, wrist forward-reverse rotation movements and elbow extension-�exion
movements. Then, aerobic exercise was performed in both lower limbs, including ankle forward-reverse
rotation movements, keen extension-�exion movements and leg raising movements. Four sets of 8
repetitions of each movement were performed.
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Resistance loop bands (PROIRON®, SHANXI REGENT, China) were applied in the resistance exercise.
These bands had 5 tension levels, including X-Light (5-10lbs), Light (15-20lbs), Medium (25-30lbs), Heavy
(35-40lbs), and X-Heavy (45-50lbs). The tension levels were set according to the MHD patients’ tolerance
every time before the exercise conduction. During the resistance exercise, the patient could reduce the
tension level by changing the resistance band or take a rest if s/he reported the Rating of Perceived
Exertion (RPE)[24] was over 15 points[16]. Resistance exercise was divided into upper limb training and
lower limb training. Upper limb training: (1) equip the loop band with 2 cushioned handles and lie on the
dialysis bed; (2) step on a cushioned handle with the foot arch of the non-dialysis side and hold the other
cushioned handle �rmly by the non-dialysis upper limb, with the palm side up and upper arm �xed; (3) do
elbow extension-�exion movements and try to bring the �st close to the chest; (4) perform 10 sets of 10
repetitions and take a 10-second-rest between every two sets. Lower limb training: (1) straight-leg-raising
movements: circle the loop band around the ankles of both feet; take turns to raise both feet as high as
the patient can; hold for 1 second before slowly lower the foot above; perform 5 sets of 10 repetitions and
take a 10-second-rest between every two sets. (2) clamshell exercise: loop a band around both thighs, just
above the knees; lie on the side without arteriovenous �stula and hips stacked, knees bent 90 degrees,
and head resting on the non-dialysis arm; draw the knees in toward the body and make sure the feet are
in line with the butt; place the hand with arteriovenous �stula on the hip; Keeping feet together, raise the
above knee as far as the patient can without rotating the hip or lifting the knee below off the bed; hold for
1 second before slowly lower the above knee; perform 5 sets of 10 repetitions and take a 10-second-rest
between every two sets.

Actions were taken to guarantee the safety of MHD patients. Before the exercise training, patients with
following situations were forbidden to exercise: (1) abnormal vital signs (blood pressure >200/100mmHg
or < 110/50mmHg, heart rate per minute< 60, and oxygen saturation< 80%); (2) interdialytic weight gain
(IDWG)> 5%. And during the exercise, a continuous supervision of blood pressure, heart rate, and oxygen  

saturation was conducted. Patients should stop their exercise immediately when (1) their blood pressure
were >200/100mmHg or < 110/50mmHg; (2) their heart rate were over 80% of the maximum heart rate
(maximum heart rate = 220-age); (3) they had hypoglycemia, dizziness, headache, pale complexion, chest
pain, dyspnea, and etc.

Outcome measurements and tools

Anthropometric indicators: All the following nutritional anthropometric indicators were measured for 3
times during the study (baseline, 4 weeks and 12 weeks). (1) Body Mass Index (BMI): the BMI was
calculated as weight/height2 (kg/m2) and according to BMI, the weight could be divided into underweight
(BMI <18.5kg/m2), normal weight (18.5kg/m2 £ BMI <25kg/m2), overweight (25kg/m2 £ BMI <30kg/m2),
obesity (BMI ³30 kg/m2)[25]. (2) Triceps Skinfold Thickness (TSF): TSF was measured using skinfold
calipers and the needle was read to the nearest 0.5mm. The measurement point was at the midpoint
between the olecranon and the acromion tip[26] of the non-dialysis arm. The averages of two consecutive
measurements were recorded. (3) Mid-upper Arm Circumference (MUAC): MUAC was measured in the
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non-dialysis side by a tape ruler at the midpoint of upper arm with the arm dropping naturally. Results
were recorded to the nearest 0.1cm and the averages of two consecutive measurements were recorded.
(4) Mid-arm Muscle Circumference (MAMC): the MAMC was calculated as (MUAC – 3.14*TSF)[27]. (5)
Handgrip Strength (HGS)[28]: The HGS of the non-dialysis hand was measured by an electronic hand
dynamometer (KYTO®, Dongguan, Guangdong, China) before the start of dialysis treatment. Results
were recorded to the nearest 0.1kg and the larger of two consecutive measurements were recorded.

Laboratory indicators: Laboratory tests were done in baseline and 12 weeks after the conduction of the
exercise programme. Blood sampling was performed after an overnight fast on dialysis-free days and
samples were analyzed in laboratory of Taizhou People’s Hospital. Hemoglobin level (Hb) was analyzed
on a hematology analyzer (XN-20, sysmex®, Kobe-shi, Japan). Total protein (TP) and albumin (Alb) were
analyzed on a bio analysis machine (AU5800, Beckman Coulter, Shanghai, China)

Chinese version kidney disease quality of life-short form (KDQL-SF™, Version 1.3): The KDQL-SF consists
of a 36-item short form health survey (SF-36) and a 12-�led survey in kidney disease-targeted areas
(KDTA). The Chinese version of KDQL-SF™ demonstrates good reliability, with the good internal
consistency (Cronbach’s alpha ranging from 0.69-0.78) and test-retest reliability (ranging from 0.70 to
0.86)[29]. The reliability of this instrument is good, with the support of good convergent validity and
known-group validity[29]. Scores of KDQL were calculated according to the manual for use and
scoring[30]. The scores range from 0 to 100, and the higher the KDQOL-36™ score, the better QOL the
patients have[17]. 

Statistical analysis

Data analysis was carried out using SPSS 22.0 (IBM, Armonk, NY, USA). Results were demonstrated as
means and standard deviation (SD), count and percentages, and medians and Quartile (Q25 – Q75). The
repeated-measures analysis of variance and Friedman test were used to compare the parametric and
non‐parametric data at three time points, respectively. Paired t test was used to compare the continuous
parametric between two time points. All statistical tests were two-tailed, and P <0.05 was considered
statistically signi�cant. Cohen’s d effect size was calculated at 12 weeks post-intervention. Effect size
were divided into small (d = 0.02), medium (d = 0.50), and large (d = 0.80).

Results
Demographic and clinical characteristics

A total of 75 MHD patients (35 males) �nished the whole 12-week intradialytic group exercise. The mean
age of the participants was 55.03 (10.69) years, ranged from 25 to 77 years. The majority of participants
were married (92.0%), and were with no religious belief (84.0%). More than half people (68%) had the
duration on dialysis longer than 36 months. The details of demographic and clinical characteristics are
reported in Table 1.
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Table 1 Demographic and clinical characteristics
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Characteristics N=75

Age (years)  

Mean ± SD 55.03 ± 10.69 

Gender, n (%)  

Man 35 (46.7)

Women 40 (53.3)

Education level, n (%)  

Primary school education or illiteracy 16 (21.3)

Secondary school or high school education 50 (66.7)

College or higher education 9 (12.0)

Marital status, n (%)  

Married 69 (92.0)

Divorced, Single or Widowed 6 (8.0)

Work status, n (%)  

Employment 14 (18.7)

Resignment 24 (32.0)

Retirement 37 (49.3)

Religious belief, n (%)  

Buddhism 10 (13.3)

Christianity 2 (2.7)

None 63 (84.0)

Payment way, n (%)  

  Private expenses 2 (2.6)

Medical insurance 73 (97.3)

Average income monthly, n (%)  

  £ 1000 yuan 35 (46.7)

  1001~3000 yuan 26 (34.7)

  3001~5000 yuan 10 (13.3)

> 5000 yuan 4 (5.3)

file:///D%3A/360Downloads/Youdao/Dict/6.3.69.8341/resultui/frame/javascript%3Avoid(0);
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Primary disease, n (%)  

  Glomerulonephritis nephropathy 21 (28.0)

  Hypertensive renal disease 37 (49.3)

Diabetic nephropathy 9 (12.0)

Systemic lupus erythematosus 2 (2.7)

Others 6 (8.0)

Duration on dialysis (month)  

Median, Q25 - Q75 55, 32 - 91

Effects of intradialytic group exercise on malnutrition

Performance for all the nutrition indicators along two of three evaluation times and the effect size at 12
weeks are demonstrated in Table 2. Positive results were seen in all the nutrition indicators, except the
BMI.

Table 2 Nutrition indicators and QOL at baseline, 4-week and 12-week follow up
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Indicators Baseline At 4 weeks At 12 weeks c2/F/T P Cohen’s
d 

BMI a, n (%),
kg/m2

      2.571 0.276 NA

  < 18.5 or > 25  24 (32.0) 24 (32.0) 21 (28.0)      

  18.5 - 25  51 (68.0) 51 (68.0) 54 (72.0)      

TSF b, Mean ±
SD, mm

21.21 ± 8.27 17.86 ± 6.86 15.93 ± 5.91 28.908 0.000 0.805

MUAC b, Mean ±
SD, cm

25.62 ± 8.27 20.00 ± 3.04 26.13 ± 2.92 3.181 0.044 0.233

MAMC b, Mean ±
SD, cm

18.96 ± 2.66 20.43 ± 2.57 21.18 ± 2.88 27.795 0.000 0.718

HGS b, Mean ±
SD, kg

19.43 ± 5.94 24.42 ± 6.94 26.04 ± 8.38 42.383 0.000 0.874

TP c, Mean ± SD,
g/L

75.28 ± 7.51   77.01 ± 6.91 -2.417 0.018 0.279

ALB c, Mean ±
SD, g/L

43.32 ± 3.58   43.57 ± 3.69 -3.190 0.002 0.368

Hb c, Mean ± SD,
g/L

106.23 ± 20.20   109.72 ± 20.81 -2.353 0.021 0.273

QOL b, Mean ±
SD

66.07 ± 16.02  69.24 ±14.08 73.45 ±12.15 10.48 0.000 0.462

NOTE. NA = Not appliable. aFriedman test; bRepeated-measures analysis of variance; cPaired t test.

Effects of intradialytic group exercise on QOL

The effect of intradialytic group exercise on QOL along the 12 week is shown in Table 2. The exercise
programme has a positive in�uence on QOL of MHD patients (F (2, 148) = 10.48, p = 0.000).

Discussion
As the representative of sedentary group, the MHD patients are encouraged to take more exercise[8].
Previous studies have con�rmed that exercise could bring dialysis patients with better exercise
capacity[3], physical function[4, 17, 31], sleep quality[4], nutritional status[31], psychological status[10],
quality of life[10, 31], and better hemodialysis survival[11]. Exercise ways in MHD patients can be divided
into three major types, including aerobic exercise, resistance exercise and a combination of aerobic
exercise and resistance exercise. Aerobic exercise, using large muscle groups, primarily improves
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oxidative capacity and cardiovascular function, so as to improve endurance. Individual aerobic exercise
in MHD patients is safe and has a signi�cant effect on the control of hypertension, physical capacity,
sleep quality and QOL[32-34]. Resistance exercise is a way to increase muscle size and strength. The
major effect of resistance exercise in MHD patients is improving muscle strength and physical
performance, and it may help in reducing microin�ammatory reactions and protein-energy wasting[16, 35-
40]. The combination of aerobic exercise and resistance exercise is a common paradigm in exercise
prescription, which embraces advantages of these two exercise ways. As a recent systematic review
showed, differences between combined exercise and aerobic or resistance exercise alone did not reach
statistical signi�cance, even though the combined one resulted in the largest effect sizes[41]. In a word,
despite numerous published studies about exercise rehabilitation in MHD patients, the best exercise way
has not been determined.

According to the exercise time, exercise in MHD patients can be divided into two categories: intradialytic
exercise and extradialytic exercise. Intradialytic exercise, generally done during the �rst two hours during
the hemodialysis session, aims to increase the patients’ strength and endurance, and hence targeting
various physiological and psychosocial parameters[34, 42]. Unlike exercise ways, the better exercise time
for MHD patients has reached a consensus. Although extradialytic exercise may be better in improving
exercise capacity and functional ability, intradialytic exercise shoes great superiority in better adoption,
lower drop-out, and greater compliance[43-45]. Therefore, intradialytic exercise is named the
nonpharmacological medicine for MHD patients[42]. Based on the previous studies about intradialytic
exercise, we found that even though it could help reduce drop-out and increase compliance, the sample
churn rate (not including force majeure, such as medical reasons, transfer, and hospitalization) remained
in high levels, ranging from 0% to 33.3%, most of which were larger than 20%[4, 16, 40, 46-49]. More
methods should be found to reduce drop-out and improve compliance.

Group exercise, which has a positive effect on motivation and adherence, may help MHD patients adhere
exercise programme. Most MHD patients take lifelong dialysis and they typically undergo 4-hour-long
hemodialysis sessions three times a week on �xed days. As a result, MHD patients in the same
hemodialysis center are always know each other well. And this provides a good base for the conduction
of intradialytic group exercise. In our study, we applied an intradialytic group exercise programme in MHD
patients. The 12-week, 3times per week exercise programme was a combination of aerobic exercise and
resistance exercise and was conducted within 2 hours of each session. To the best of our knowledge, this
exercise programme was the most suitable exercise training and this was the �rst time to investigate the
effects of intradialytic group exercise on MHD patients.

According to the �ow chart of participants (Fig.1), there were 7 patients dropped out for the losing of
motivation and sample churn rate for losing of motivation was 7.8% (7/90). With more exercise
programme participants, our study showed a relatively lower sample churn rate compared to former
studies about intradialytic exercise in MHD patients[4, 16, 40, 46-49]. The exercise culture, which was
cultivated by fostering the common identity among participants and increasing social interaction during
the group exercise, may be the main reason for the low dropout rate. Health care providers and patients
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may tend to treat exercise as the new “normal” in a physical and social environment, thus limiting
opportunities for sedentary behaviors[21].

We used both anthropometric indicators and laboratory indicators to re�ect the nutritional state of MHD
patients. Our �ndings on the nutrition indicators con�rm that intradialytic group exercise has a positive
effect on malnutrition in MHD patients, which are consisted with previous studies[13, 50-52]. Although 3
more patients returned back to normal BMI level at 12 weeks, we found no signi�cant difference in BMI
between baseline and 12 weeks post intervention. Following are potential reasons for this result: (1) Our
study set the BMI as a categorical variable, thereby patients those lost weight during the intervention but
remained in the overweight level at 12 weeks were ignored; (2) The intervention length was not long
enough to present a signi�cant difference in BMI. The exercise programme showed a positive effect on
other nutrition indications, especially the TSF, MAMC and HGS, with medium to large effect size.

Results also showed that the intradialytic group exercise could improve the QOL of MHD patients
gradually. This �nding was in consistence with what were found before[53-56]. Survival of MHD patients
has been prolonged, but the improvement in quality of life has not keep in pace obviously[57]. Exercise
rehabilitation may improve the quality of life in MHD patients by reducing microin�ammatory reactions,
improving nutritional status, and etc. 

Exercise training has been proved to be important to MHD patients. However, it has received limited
attention in both MHD patients and health providers for diverse reasons, among which, the fear of
injuries, the lack of motivation and resources restrictions are the common barriers[17]. With supervision
of medical staff and with the peer support from other patients, intradialytic group exercise seems to
provide a way for MHD patients to overcome the fear of injuries and sustain the motivation. Moreover,
group exercise provides a resource-saved way of exercise training, because several patients can do
exercise under the supervision of a health provider. Based on these �ndings, MHD patients are
encouraged to take intradialytic group exercise which really works in keeping motivation.

Limitations of the study

Although the study generates some new knowledge in the exercise rehabilitation in MHD patients, there
are still some important limitations to note. Firstly, this is a single center study, while results from a
multicenter study enrolling more participants may be more reliable. Secondly, this is a single-group
repeated-measures design study and studies with a control group (such as randomized controlled trials)
are needed to assess the effectiveness of the intradialytic group exercise. Thirdly, a study with longer
period is needed to assess longer term health impacts.

Conclusions
The positive results from this research suggest that intradialytic group exercise programme including
aerobic exercise and resistance exercise is a safe and suitable exercise way for maintenance
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hemodialysis patients. This exercise can help keep patients’ motivation and improve nutritional status
and quality of life in maintenance hemodialysis patients.
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