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Abstract: Resistance training is effective in chronic hemodialysis patients with type 2 diabetes
mellitus, but its effect on toe pinch force (TPF) is unknown. This study was a randomized controlled
trial conducted at three hospitals to investigate the effect of short-term toe resistance training on
TPF in chronic hemodialysis patients with type 2 diabetes. The patients were randomly allocated
to intervention (performed aerobic exercise and four toe resistance training exercises) and control
(performed aerobic exercise only) groups. After 2 weeks of exercise intervention program, evaluations
of TPF and clinical parameters were performed. In addition, the rate of retention of exercise therapy
was assessed 6 months after the exercise intervention program was completed. After the exercise
intervention program, TPF was significantly higher in the intervention group than in the control
group. The intervention group had a significantly higher rate of continuation of exercise therapy. Two
weeks of toe resistance training significantly increased the TPF in chronic hemodialysis patients with
type 2 diabetes. Toe resistance training was shown to be an effective training method for continuing
exercise therapy. Toe resistance training is recommended in clinical practice for chronic hemodialysis
patients with type 2 diabetes.

Keywords: chronic hemodialysis; type 2 diabetes; toe pinch force; toe resistance training; randomized
controlled trial

1. Introduction

Exercise therapy is recommended as an important treatment modality in chronic
hemodialysis patients with type 2 diabetes. However, hemodialysis requires patients
to lie in bed for approximately 4 h per treatment, 3 days per week. A combination of
factors, including a high incidence of general malaise, fatigue, and hypotension after
hemodialysis, is known to reduce the amount of physical activity [1]. Decreased physical
activity has a negative impact on cardiopulmonary function, and chronic hemodialysis
patients are reported to have reduced exercise tolerance comparable to patients with cardiac
or respiratory disease [2]. Furthermore, a study investigating motor function in chronic
hemodialysis patients reported that motor function in older patients was 50% lower than
that in healthy older adults [3]. In light of the above, exercise therapy is actively used in
chronic hemodialysis patients with type 2 diabetes, and is reported to improve exercise
tolerance [4–7], walking ability [4,5], and physical quality of life [4–6]. In contrast, a survey
on exercise habits conducted by the Japanese Society for Dialysis Therapy on chronic
hemodialysis patients reported that about 60–80% of patients answered that they “have no
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exercise habit” or “have little exercise habit [8]”, indicating that lack of exercise is a serious
issue. Beacuse it is important to make exercise therapy a habit and to continue it in order to
obtain the benefits of exercise, it is necessary to propose an exercise therapy program that
is easy for patients to engage in.

We previously reported that the toe pinch force (TPF) of chronic hemodialysis patients
with type 2 diabetes was significantly lower than that of chronic hemodialysis patients
without type 2 diabetes [9]. The toes are closely involved in stabilizing the gait and balance
function [10–12]. Decreased TPF increases the risk of falling while walking [13,14]. Because
aerobic exercises such as walking are recommended for chronic hemodialysis patients
with type 2 diabetes, exercise therapy may not be effective without improvement in TPF.
Previously, we have performed four different types of toe resistance training designed
for type 2 diabetic patients with reduced TPF and examined the effects of the training for
two weeks [15]. The results showed that TPF improved in just two weeks. Furthermore,
the ability of resistance training to affect TPF in just two weeks suggested that improved
retention rates can be achieved through regular exercise therapy. Therefore, if the short-
term effect of toe resistance training can be demonstrated in this study, it may indicate
the possibility of a new exercise therapy option for chronic hemodialysis patients with
type 2 diabetes in the future, and may even contribute to improving the continuation rate
of exercise therapy. This study aimed to investigate the effectiveness of short-term toe
resistance training in chronic hemodialysis patients with type 2 diabetes.

2. Materials and Methods
2.1. Study Design

This study was a prospective, parallel-group, single-blind, randomized controlled trial
that included chronic hemodialysis patients with type 2 diabetes. Study participants were
recruited from the in/outpatients of KKR Takamatsu Hospital (Takamatsu City, Kagawa
Prefecture, Japan), Osafune Clinic (Setouchi City, Okayama Prefecture, Japan), and Obata
Medical Clinic (Tsuyama City, Okayama Prefecture, Japan). The patients included in this
study provided written informed consent. This study was approved by the Research Ethics
Committee of Okayama Healthcare Professional University (number: 0030). The original
research protocol is registered with the Japanese Clinical Trials Website (the University
Hospital Medical Information Network: UMIN000026488).

2.2. Study Participants

Twenty chronic hemodialysis patients with type 2 diabetes who underwent hemodial-
ysis at three clinical research facilities from May to November 2021 were included in the
study. Patients were randomly assigned to two groups using computer-generated random
numbers: the intervention and control groups. (Figure 1). The exclusion criteria used were
as follows: (1) patients with acute metabolic abnormalities, (2) acute or chronic orthopedic
and/or cerebrovascular disease, (3) severe chronic diabetic complications (i.e., patients with
severe sensory abnormalities or loss of sensation due to diabetic neuropathy, or patients
with amputation, and patients who are blind due to diabetic retinopathy). (4) foot/toe
deformity or foot edema, (5) significant limitation in daily activities, or (6) considered
inappropriate for this study based on an interview and examination of medical records.

2.3. Sample Size

On the basis of our previous study [16], we set the effect size at 0.7 kg and the standard
deviation at 0.47. Seventeen participants were required to have an 80% probability that the
study would detect a TPF difference at a two-sided 5% level of significance. In addition, we
assumed that 10% of the cases would be dropouts, resulting in a final total of 20 patients.



Healthcare 2023, 11, 137 3 of 9Healthcare 2023, 11, x FOR PEER REVIEW 3 of 10 
 

 

 
Figure 1. Flow diagram of the study, which included chronic hemodialysis patients with type 2 
diabetes. 

2.3. Sample Size 
On the basis of our previous study [16], we set the effect size at 0.7 kg and the 

standard deviation at 0.47. Seventeen participants were required to have an 80% 
probability that the study would detect a TPF difference at a two-sided 5% level of 
significance. In addition, we assumed that 10% of the cases would be dropouts, resulting 
in a final total of 20 patients. 

2.4. Exercise Intervention Program 
The protocol for exercise therapy is shown in Figure 2. The duration of the exercise 

therapy intervention was 2 weeks. The intervention group was instructed to perform 
aerobic exercise and toe resistance training, while the control group was instructed to 
perform aerobic exercise only. The aerobic exercise was performed using a bicycle 
ergometer (TERASU ERUGOⅢPLUS, Showa Denki Co. Ltd., Osaka, Japan) that can be 
used in the supine position. The exercise load was set at a moderate level. The exercise 
was performed for 30 min an hour after the start of dialysis therapy. Toe resistance 
training was performed prior to starting dialysis therapy. The four types of toe resistance 
training consisted of plantar flexion exercises of the ankle joint and flexion exercises of the 
toes using a towel, rubber ball, rubber tube, and small stick [16]. Toe resistance training 
consisted of three sets of 20 repetitions each for the left and right toes, with training 
intervals of at least 5 min. On days when dialysis therapy was not administered, the 
patients were instructed to perform exercise therapy at home. The intervention group was 
given toe resistance training and walking exercises, and the control group was given 
walking exercises. The walking exercise was set at a moderate intensity for 20 min per 
day. 

Figure 1. Flow diagram of the study, which included chronic hemodialysis patients with type 2 diabetes.

2.4. Exercise Intervention Program

The protocol for exercise therapy is shown in Figure 2. The duration of the exercise
therapy intervention was 2 weeks. The intervention group was instructed to perform
aerobic exercise and toe resistance training, while the control group was instructed to
perform aerobic exercise only. The aerobic exercise was performed using a bicycle ergometer
(TERASU ERUGOIIIPLUS, Showa Denki Co. Ltd., Osaka, Japan) that can be used in the
supine position. The exercise load was set at a moderate level. The exercise was performed
for 30 min an hour after the start of dialysis therapy. Toe resistance training was performed
prior to starting dialysis therapy. The four types of toe resistance training consisted of
plantar flexion exercises of the ankle joint and flexion exercises of the toes using a towel,
rubber ball, rubber tube, and small stick [16]. Toe resistance training consisted of three sets
of 20 repetitions each for the left and right toes, with training intervals of at least 5 min. On
days when dialysis therapy was not administered, the patients were instructed to perform
exercise therapy at home. The intervention group was given toe resistance training and
walking exercises, and the control group was given walking exercises. The walking exercise
was set at a moderate intensity for 20 min per day.
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Figure 2. Exercise therapy protocol.

2.5. Follow-Up after Exercise Intervention

The follow-up period was set at 6 months after the exercise intervention was completed.
The intervention group was instructed to continue with four toe resistance training and
walking exercise programs. The control group was instructed to continue with walking
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exercise program. During the follow-up period, both groups were periodically interviewed
to determine whether they were continuing their exercise regimen, and any exercise-related
consultation from the patients was addressed. At the end of the follow-up period, each
parameter was evaluated.

2.6. Assessment of TPF

The TPF was evaluated using the same methods as in our previous study [17]. The
Toe muscle dynamometer used was Checker-kun (Nisshin Sangyo Inc., Saitama, Japan).
Measurement was taken with the participant in a chair. The posture for measurement was
adjusted so that the angles of the hip and knee joints were each at 90◦, and both upper limbs
were crossed in front of the chest. The sensor of the TPF dynamometer was placed between
the digitus primus and digitus secundus in a standby position. The patient was instructed
to pinch the sensor with maximum force on the signal of the measurer. Measurements
were taken twice each on the left and right side, with a 5 min rest between the first and
second measurements. The average of the maximum values of the left and right toe muscle
strength was then calculated.

2.7. Evaluation

We collected data on sex; age; height; body weight; body mass index (BMI); heart rate
(HR); systolic blood pressure (SBP); diastolic blood pressure (DBP); glycoalbumin (GA),
fasting plasma glucose (FPG), albumin (Alb), hemoglobin (Hb), calcium (Ca), phosphorus
(P), C-reactive protein (CRP), β2-microglobulin (β2MG), creatinine (CRE), and blood urea
nitrogen (BUN) levels; estimated glomerular filtration rate (eGFR); normalized dialysis
dose (Kt/Vurea); medications; duration of type 2 diabetes; and hemodialysis. Geriatric
Nutritional Risk Index (GNRI) was used as an indicator of nutritional status [13]. Diet
and drug therapy were investigated from medical records. The diagnoses of diabetic
nephropathy was based on the guidelines of the Japan Diabetes Society [18]. Well-trained
medical staff interviewed each patient to evaluate the International Physical Activity
Questionnaire (IPAQ) short version [19], health-related quality of life (HRQOL), drinking,
smoking, and exercise habits. HRQOL was evaluated using the EuroQol 5-dimensional
(EQ-5D) questionnaire, which generates assessment scores across five dimensions of health,
namely, mobility, self-care, usual activities, pain/discomfort, and anxiety/depression.
Response in each dimension was divided into three categories; no problem, moderate
problem, or extreme problem. Thereafter, a utility score was applied for this analysis
according to our previous reports [20].

2.8. Outcome

The primary outcome of this study was to investigate the effectiveness of short-term
toe resistance training. The secondary outcome was the rate of exercise retention 6 months
after the end of the exercise intervention.

2.9. Data Analysis

All data were presented as mean ± standard deviation. First, the Shapiro–Wilk test
was performed with the aim of confirming whether the clinical parameters evaluated were
parametric or nonparametric data. Thereafter, the Mann–Whitney U test and χ2 test were
used to compare the clinical data and TPF between the two groups at baseline. The Mann–
Whitney U test, Wilcoxon signed-rank sum test, and χ2 test were used to compare the clinical
data between the two groups before and after the exercise intervention and 6 months after
the end of the exercise intervention, and p < 0.05 was considered statistically significant. All
data were analyzed using JMP 12.2.0 software (SAS Institute, Cary, NC, USA).

3. Results

In total, 20 chronic hemodialysis patients with type 2 diabetes were recruited and
randomly divided into intervention and control groups of 10 patients each. TPF in the
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intervention group was 2.09 ± 1.45 kg and that in control group was 2.46 ± 1.19 kg at
baseline. Significant differences in DBP, CRE, and the duration of diabetes were noted
between the groups. However, other parameters showed no significant differences between
the groups (Table 1). The percent change in TPF and clinical data after the exercise inter-
vention program are shown in Figure 3 and Table 2. The TPF ( represents the change in
the parameter) of the intervention group was significantly higher than that of the control
group (69.5 ± 85.9 vs. 7.69 ± 22.6, p = 0.031). The DBP of the intervention group was
significantly higher than that of the control group.

Table 1. Clinical indicators of the intervention and control groups.

Intervention Control p-Value

n 10 10
Sex (male, n) 9 9 1.000
Age (years) 72.8 ± 9.2 69.5 ± 4.4 0.320
Height (cm) 163.8 ± 6.3 161.6 ± 4.9 0.385
Body weight (kg) 64.9 ± 9.6 59.0 ± 6.2 0.117
BMI (kg/m2) 24.1 ± 3 22.6 ± 2.2 0.208
SBP (mmHg) 135.3 ± 11.4 133.9 ± 15.7 0.822
DBP (mmHg) 65.5 ± 10.6 75.8 ± 10.1 0.039
HR (bpm) 65.2 ± 8.8 70.2 ± 7.4 0.187
Duration of hemodialysis (months) 48.9 ± 30.4 90.1 ± 71.9 0.112
TPF (kg) 2.09 ± 1.45 2.46 ± 0.38 0.540
GNRI score

No risk, n (%) 1 (10) 3 (30)
0.512Mild risk, n (%) 6 (60) 5 (50)

Moderate risk, n (%) 3 (30) 2 (20)
Alb (g/dL) 3.5 ± 0.2 3.7 ± 0.3 0.125
Hb (g/dL) 11.1 ± 0.8 10.6 ± 0.8 0.236
CRP (mg/dL) 0.12 ± 0.09 0.31 ± 0.37 0.136
P (mg/dL) 5.16 ± 1.60 5.51 ± 0.90 0.555
Ca (mg/dL) 8.65 ± 0.36 7.69 ± 1.97 0.147
β2MG (mg/dL) 23.1 ± 5.7 27.4 ± 8.1 0.180
BUN (mg/dL) 46.6 ± 21.7 58.2 ± 18.0 0.208
CRE (mg/dL) 7.2 ± 3.1 10.0 ± 2.0 0.026
eGFR (mL/min/1.73 m2) 5.96 ± 3.07 4.76 ± 1.26 0.267
Kt/V 1.46 ± 0.22 1.47 ± 0.18 0.885
FPG (mg/dL) 125.1 ± 35.8 129.0 ± 25.2 0.781
GA (%) 18.9 ± 2.9 21.9 ± 4.5 0.090
Duration of diabetes (months) 293.5 ± 132.3 169.0 ± 113.1 0.036
IPAQ (kcal/day) 73.9 ± 58.4 79.4 ± 133.5 0.907
EQ5D score 0.85 ± 0.16 0.84 ± 0.15 0.812
Exercise habit, n (%) 4 (40) 1 (10) 0.303
Drinking habit, n (%) 2 (20) 1 (10) 1.000
Smoking habit

Current smoker, n (%) 1 (10) 3 (30)
0.501Previous smoker, n (%) 7 (70) 5 (50)

Non-smoker, n (%) 2 (20) 2 (20)
Diet therapy, n (%) 5 (50) 5 (50) 1.000
Drug therapy

GLP-1, n (%) 1 (10) 1 (10)

0.159

GLP-1 + OHA (Glinide), n (%) 0 1 (10)
OHA

DPP-4, n (%) 6 1
α-GI, n (%) 1 0
Glinide, n (%) 0 1

Insulin, n (%) 1 (10) 2 (20)
None, n (%) 1 (10) 4 (40)
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Table 2. Comparison of the changes in clinical characteristics after the exercise intervention program.

Intervention (n = 10) Control (n = 10) p-Value

BMI 0.29 ± 0.84 0.57 ± 1.34 0.579
SBP −0.48 ± 6.23 −9.07 ± 14.83 0.109
DBP 11.84 ± 14.51 −10.01 ± 13.63 0.004
HR −1.64 ± 8.82 1.49 ± 13.94 0.556

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate. Represents
the change in parameters.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR,
heart rate; TPF, toe pinch force; GNRI, geriatric nutritional risk index; Alb, albumin; Hb,
hemoglobin; CRP, C-reactive protein; P, phosphorus; Ca, calcium; β2MG, β2-microglobulin;
BUN, blood urea nitrogen; CRE, creatinine; eGFR, estimated glomerular filtration rate;
Kt/V, normalized dialysis dose; FPG, fasting plasma glucose; GA, glycoalbumin; IPAQ,
International Physical Activity Questionnaire; EQ5D, EuroQol 5-dimensional questionnaire;
GLP1, Glucagon-like peptide-1 receptor agonist; OHA, oral hypoglycemic agent; DPP-4,
dipeptidyl peptidase-4 inhibitor; α-GI, α-glucosidase inhibitor

Figure 4 and Table 3 show the percentage change in TPF and clinical parameters for
6 months after the end of the exercise intervention program. TPF, BMI, SBP, DBP, and

HR were not significantly different between the groups. However, there was a significant
difference in the rate of continuation of exercise therapy.
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Table 3. Comparison of the changes in clinical characteristics and continuation of exercise therapy 6
months after completion of exercise intervention program.

Intervention
(n = 10)

Control
(n = 10) p-Value

BMI −0.18 ± 4.84 −0.08 ± 3.72 0.970
SBP −0.63 ± 11.74 18.3 ± 30.33 0.070
DBP −6.44 ± 17.47 11.52 ± 24.55 0.121
HR 2.28 ± 14.55 5.44 ± 18.28 0.910

Continuation of exercise therapy, n (%) 6 (60) 1 (10) 0.019
Values are presented as the mean ± SD. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; HR, heart rate. Represents the change in parameters.

Table 4 shows the IPAQ and HRQOL at baseline and 6 months after exercise interven-
tion. These were not significantly different between the groups.

Table 4. Comparison of IPAQ and HRQOL at baseline and 6 months after exercise intervention.

Intervention (n = 10) Control (n = 10)
Baseline Follow-Up p-Value Baseline Follow-Up p-Value

IPAQ
(kcal/day)

314.9 ±
737.5

249.0 ±
335.9 1.000 79.4 ±

133.5
117.3 ±

241.0 0.844

EQ5D
score

0.853 ±
0.162

0.857 ±
0.126 0.906 0.836 ±

0.149
0.832 ±

0.113 0.938

Value are presented as mean ± SD. IPAQ, International Physical Activity Questionnaire; EQ5D, EuroQol 5-
dimensional questionnaire.

4. Discussion

This study aimed to investigate the effectiveness of short-term toe resistance training
in chronic hemodialysis patients with type 2 diabetes and investigate the continuation
rate of toe resistance training. The results showed that TPF increased after only 2 weeks,
demonstrating the effectiveness of toe resistance training. Furthermore, the results suggest
that toe resistance training is an exercise that is easy to continue.

First, we discuss how TPF improved in a short period of time as a result of toe
resistance training as we previously described [15]. As a muscle strengthening mechanism,
muscle mass does not increase until about 3 weeks after the start of muscle strength training,
and muscle strength increases first. This is known to involve neural factors [21]. Further,
reportedly an increase in muscle mass is observed approximately 4 weeks after the start
of muscle strength training [22]. Muscle mass was not assessed in this current study, and
the mechanism of muscle strengthening by toe resistance training was not fully proven.
However, the 2-week duration of the exercise therapy intervention suggests that, as in
previous studies [15], neural factors may have influenced the improvement in TPF.

Next, we discuss the significantly higher rate of the continuation of exercise therapy
in the intervention group, though there was no significant difference in TPF between the
groups 6 months after the end of the exercise intervention. First, we describe TPF. In this
study, exercise therapy was always conducted under the supervision of a physical therapist
during the 2-week exercise intervention period; however, after the exercise intervention
was completed, the study plan was changed to a non-supervised type because the patients
were to continue exercising by themselves at home. If there were any questions or concerns
about exercise therapy, the physical therapist would only respond to them on a case-by-
case basis. Muscle strength increased if strength training was performed at 35% or more
of the maximal muscle strength, and muscle strength decreased if strength training was
performed at 20% or less [23]. The patients often asked questions and asked for advice
regarding training methods. Therefore, it was suggested that the change in the exercise
intervention method from supervised to unsupervised resulted in less accurate training
and that failure to perform toe resistance training as instructed was the cause of the muscle
weakness. We believe that the reason for the high rate of the continuation of exercise



Healthcare 2023, 11, 137 8 of 9

therapy in the intervention group was due to the fact that they were able to realize the
benefits of toe resistance training in a short period of time. In addition, the four types of
toe resistance training could be performed in a short time, and all the exercises could be
performed easily in a sitting position, making the training safe and easy for the participants
to engage in. The IPAQ showed no significant differences between the groups. In particular,
more people in the intervention group were able to continue their exercise therapy, though
they were less physically active than at baseline. In other words, the results suggest that
toe resistance training may be a more effective training method than aerobic exercise for
continuing exercise therapy. In light of the above, it is necessary, in the future, to examine
whether the decline in TPF can be prevented by distributing leaflets and other materials
describing toe resistance training methods to patients and periodically checking whether
training is being performed appropriately.

We previously reported that TPF was lower in hemodialysis patients with type 2
diabetes than in hemodialysis patients without type 2 diabetes [9]. The loss of TPF is
due to intrinsic muscle atrophy, which progressively inhibits the flexion and extension
movements of the metatarsophalangeal joints. As a result, the toes become deformed,
leading to hammer toe and claw toe. Since toe deformity is a risk factor for diabetic foot,
intrinsic muscle atrophy must be prevented. If the disease progresses to diabetic foot,
the risk of lower extremity amputation increases, and if it does occur, the prognosis for
life is very poor. The life expectancy after lower extremity amputation in hemodialysis
patients was reported to be 55% at 20 months and 81.3% without amputation; similarly,
the 5-year and 10-year survival rates were 35% and 62.2%, respectively, and 15% and
33.3%, respectively [24]. Therefore, we believe that this study may be very informative
as it provides a measure to prevent the development or progression of diabetic foot in
hemodialysis patients with type 2 diabetes.

This study has a few limitations. First, although we were able to investigate the short-
term effects of toe resistance training, we were not able to examine the long-term effects.
Second, we did not include patients with type 1 diabetes or hemodialysis patients with non-
diabetic conditions. In addition, the percentage of male hemodialysis patients is very high at
90%. Therefore, it is unclear whether the results of this study can be applied to hemodialysis
patients with diseases other than type 2 diabetes or female hemodialysis patients.

5. Conclusions

In summary, four types of toe resistance training were found to improve TPF after
only 2 weeks of training. Furthermore, the results suggest that toe resistance training may
be a training program that easily leads to the continuation of exercise therapy. The results
suggest that this type of muscle strength training may be a new exercise therapy for chronic
hemodialysis patients with type 2 diabetes. Further studies are needed to determine the
long-term effects of toe resistance training.
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