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Abstract

Objective: The incremental shuttle walking test (ISWT) is an
important marker of aerobic capacity in patients on perito-
neal dialysis (PD). This study aimed to evaluate its predictive
value for PD-related outcomes. Methods: This single-center
cohort study recruited outpatients on maintenance PD from
our hospital between March 2017 and March 2018. Exercise
capacity was assessed using measurement of ISWT and
handgrip and quadriceps strength. Patients were divided
into 2 groups according to the median of exercise capacity
and prospectively followed up until cessation of PD, death,
or the study end (October 2019). The primary end point of
this study was technique survival rate, and secondary out-

comes were rates of peritonitis-free survival and PD-related
hospitalization-free survival. Results: Among the 50 partici-
pants,age and PD vintage were [median (IQR)] 62.5 (58.3-70)
and 3.5 (1.3-6.5) years, respectively. At the end of the study,
3 of the 28 participants (11%) in the long-ISWT group and 13
of the 22 participants (59%) in the short-ISWT group were
transferred to hemodialysis. The short-ISWT group showed
lower technique survival rate (p < 0.001), peritonitis-free sur-
vival rate (p = 0.01), and PD-related hospitalization-free sur-
vival rate (p < 0.01) than the long-ISWT group, whereas those
survival rates did not differ when participants were divided
by handgrip or quadriceps strength. Multivariate analysis re-
vealed lower ISWT to be independently associated with
technique failure (p = 0.002). Conclusion: The ISWT is an im-
portant predictor of technique survival for patients on PD.
Monitoring and enhancing ISWT as a marker of aerobic ca-
pacity might improve PD-related outcomes.
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Introduction

One of the relevant problems on peritoneal dialysis
(PD) treatment is the higher technique failure rate than
hemodialysis (HD), leading to the low penetration rate or
the severe complications including congestive heart fail-
ure and peritonitis [1-3]. Therefore, identification of the
risk factors for PD technique failure and research into
potential interventions are of high importance.

Declined exercise capacity is a significant problem for
patients with CKD, especially those undergoing dialysis,
although the etiology is multifactorial and remains un-
clear [4]. Uremic sarcopenia is defined as reduced exer-
cise capacity and skeletal muscle mass and has been re-
ported to be independently associated with a high risk of
mortality in CKD patients including those undergoing
PD [5, 6]. Furthermore, it has been reported that a low
score for the 6-min walk distance is an independent risk
factor for mortality among patients undergoing PD [7],
and previous cross-sectional study demonstrated the as-
sociation of quality of life with exercise capacity in these
patients [8]. Thus, exercise capacity is the focus of a con-
siderable amount of research attention in the field of PD,
but the contribution to technique survival rate is still un-
certain.

The present study is a prospective cohort study involv-
ing outpatients undergoing PD in our hospital with the
aim of determining the contribution of exercise tolerance
to PD-related outcomes including technique survival
time, peritonitis-free survival time, and PD-related hos-
pitalization-free survival time in patients undergoing PD.
Furthermore, we hypothesized that assisted PD might
improve technique survival time in patients with de-
creased exercise capacity, and recorded and included the
presence of assisted PD into the analysis.

Materials and Methods

Study Population

This study and all its protocols were reviewed and approved by
the Ethics Committee of our hospital, and written informed con-
sent was obtained from all patients prior to participation. We re-
cruited all stable patients aged 20-90 years who received PD for 3
months or more in our hospital between March 2017 and March
2018 for the present single-center cohort study. Because the par-
ticipants were required to undergo exercise testing at the baseline,
the following exclusion criteria were set based on the guidelines of
the American College of Sports Medicine and Japanese Circulation
Society [9, 10]: uncontrolled hypertension (blood pressure
>180/110 mm Hg); severe anemia (hemoglobin <7 mg/dL); active
and proliferative diabetic retinopathy; symptomatic coronary ar-
tery disease or cerebrovascular disease within 3 months prior to
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study recruitment; current heart failure (New York Heart Associa-
tion class III or IV); symptomatic and fatal arrhythmia; significant
valvular heart disease; and difficulty walking without an aid due to
orthopedic problems, history of cerebrovascular disease, or severe
peripheral artery disease.

Data Collection and Participants Evaluation

The following demographic data were collected at the time of
enrollment from medical records: age, sex, PD vintage (years), mo-
dality of PD (continuous ambulatory or automated PD), diabetes
mellitus (DM), smoking status (smoker [current or ex-smoker] or
nonsmoker), history of cardiovascular disease, and the presence of
assisted PD. The Charlson Comorbidity Index (CCI) was calcu-
lated from the records. Exercise parameters, patients’ frailty, blood
pressure, and anthropometric data including BMI (kg/m?) or skel-
etal mass index (SMI) (kg/m?) were measured as previously de-
scribed [6, 8]. Briefly, exercise testing was carried out by assessing
the incremental shuttle walking test (ISWT) and handgrip and
quadriceps strength. The total distance of ISWT, which allows the
patients to walk between 2 cones at 10-m intervals, setting a pace
with a beeper, and gradually increasing the speed of the beeper
until the patient is unable to keep up with the set pace or the patient
stops due to fatigue, and highest values of 2 measurements of
handgrip and quadriceps strength of both hands and legs, respec-
tively, were used for further analysis. All exercise assessments were
carried out by the same rehabilitation doctor and measured with
the abdomen free of dialysis fluid.

Biochemical Analyses

The following biochemical data were obtained at the time of
enrollment. Parameters of dialysis adequacy including urea kinet-
ics (Kt/V) and urine output were determined using 24-h urine and
PD-fluid collections. Urine output was also recorded. Serum albu-
min (mg/dL), hemoglobin (mg/dL), calcium (mg/dL), phosphate
(mg/dL), intact parathyroid hormone (pg/mL), C-reactive protein
(mg/L), and human atrial natriuretic peptide (pg/mL) levels were
measured using blood samples. Geriatric nutritional risk index
(GNRI) was calculated from patients’ body weight and serum al-
bumin level [11].

Follow-Up

Participants were divided into 2 groups according to the me-
dian of exercise capacity including ISWT and handgrip and quad-
riceps strength. Namely, long- and short-ISWT groups were de-
fined as ISWT of 2290 m and <290 m; high- and low-handgrip-
strength groups were defined as having a handgrip strength of
>28.5 kg and <28.5 kg; and high- and low-quadriceps-strength
groups were defined as having quadriceps strength of >22.3 kg
and <22.3 kg, respectively. All participants were prospectively fol-
lowed up until the cessation of PD, death, or the end of the study
(October 2019). Reasons for cessation of PD and causes of perito-
nitis were also recorded, along with the relevant dates. The pri-
mary end point of this study was technique survival time, which
is equivalent to survival free of unintended transition to HD. Par-
ticipants who died or elected to change to HD or transplantation
were censored as previously mentioned in recommendation by
International Society for Peritoneal Dialysis [12]. A sensitivity
analysis in which death and transplantation were regarded as
technique failure was also performed. Secondary outcomes were
peritonitis-free survival time and PD-related hospitalization-free
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Assessed for eligibility

(n = 68)
Excluded (total = 12)
Underwent PD for less than 3 months (n = 4)
> Symptomatic coronary artery disease (n = 1)
Current heart failure (n = 2)
Difficulty walking without an aid (n = 5)
Y

Fulfilling the inclusion criteria
(n = 56)

4>| Refused to participate (n = 6)

Y

Enrolled and assessed exercise capacity
(n = 50)

4>| Lost to follow-up (n = 0)
A

A

Analyzed
(n =50)

Fig. 1. Flowchart of study enrollment. PD,
peritoneal dialysis.

survival time. All outcomes, including technique failure, peritoni-
tis, and PD-related hospitalization, were evaluated simultaneous-
ly at the end of the study.

Statistical Analyses

Continuous variables are expressed as means + standard devia-
tion or median (25th-75th percentile) according to normality test-
ed by Shapiro-Wilk test and binary variables as percentages. The
unpaired Student’s f test (continuous variables with normal distri-
bution), Mann-Whitney U test (continuous variables without nor-
mal distribution), and ¥? test (binary variables) were used to com-
pare parameters between the groups. Survival curves were plotted
using the Kaplan-Meier method and compared using log-rank
tests. A crude or adjusted Cox proportional hazard model was used
to evaluate the hazard ratio and 95% confidence interval for tech-
nique survival. Because the aim of this study was to exploratory
clarify the association between exercise capacity and technique
survival in patients undergoing PD, the parameters of exercise ca-
pacity that were identified to be significant predictors of technique
failure in univariate Cox analysis were entered into the multivari-
ate regression model. Moreover, variables that have been previ-
ously reported to be associated with technical survival were in-
cluded, independent of the association with technique failure in
the univariate model in the present study. Age, DM, use of assisted
PD, frailty, CCI, PD vintage, urine output, GNRI, and ISWT were
included as candidate independent variables. However, because
strong and significant correlations were observed between DM
and CCI and between PD vintage and urine output, DM and urine
output were consequently excluded as independent variables, tak-
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ing multicollinearity into consideration [13-15]. Multivariate
model using all these independent parameters (model 1) was fol-
lowed by a stepwise backward analysis, in which variables were
subsequently excluded from the model to create a final model that
only contained variables that were significantly associated with
technique failure (model 2) [8]. Moreover, because there were
competing risk events against technique failure, including death
and transplantation, the subdistribution hazard model proposed
by Fine and Gray was used for the multivariate analysis in addition
to the cause-specific hazard model for standard Cox regression
(16, 17].

Results

Clinical Characteristics

The source population comprised 68 patients, 56 of
whom were eligible (Fig. 1). Eight patients were excluded
due to symptomatic coronary artery disease (n = 1), cur-
rent heart failure (n = 2), and difficulty walking without
an aid (n = 5). Among these 8 patients, 2 patients under-
going self-care were transferred to HD in 12.8 and 13.7
months and 6 patients with assisted PD died without a
modality change in 16.0 + 9.7 months. Additionally, 4 pa-
tients who underwent PD for less than 3 months were
considered as unstable and were excluded as candidates

Nakayama et al.
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Table 1. Baseline characteristics of the study population and of the groups divided according to the median of ISWT

Variables Total ISWT =290 m ISWT < 290 m p value
(n=50) (n=28) (n=22)
Age, years 63.849.6 60.2+8.4 68.449.2 0.002
Sex (% male) 37 (74%) 21 (75%) 16 (73%) 1.00
DM 15 (30%) 8 (28%) 7 (22%) 1.00
APD/CAPD 13/37 (26/74%) 7/21 (25/75%) 6/16 (27/73%) 1.00
Cardiovascular disease 16 (32%) 6 (21%) 10 (46%) 0.13
Smoking history 28 (56%) 17 (61%) 11 (50%) 0.57
Assisted PD 11 (22%) 5 (18%) 6 (27%) 0.50
Frailty 5 (10%) 1 (4%) 4 (18%) 0.16
CCI 3.0 (2.0-4.0) 2.0 (2.0-4.0) 3.0 (2.3-4.0) 0.25
PD vintage, year 3.5(1.3-6.5) 2.8 (0.9-6.5) 3.9(1.8-6.4) 0.58
BMI, kg/m2 23.844.0 24.1+4.3 23.4+3.6 0.55
SMI, kg/m2 7.3x1.3 7.5%x1.3 7.1x1.2 0.24
Systolic BP, mm Hg 138.3+20.9 139.6+18.3 136.8+24.2 0.64
Diastolic BP, mm Hg 76.2+12.8 79.4+13.1 72.3x11.5 0.05
Urine output, mL/day 410 (0-1,050) 705 (9-1,162) 55 (0-775) 0.09
Renal, Kt/V 0.19 (0-0.80) 0.36 (0.02-0.90) 0.05 (0-0.37) 0.11
PD, Kt/V 1.29 (1.01-1.57) 1.21 (0.95-1.51) 1.40 (1.25-1.57) 0.06
Total, Kt/V 1.70 (1.44-1.89) 1.72 (1.50-1.88) 1.63 (1.39-1.89) 0.84
Albumin, mg/dL 3.4%0.5 3.5+0.5 3.3+0.5 0.12
Hemoglobin, g/dL 10.6+1.3 10.6+1.2 10.7+1.3 0.73
GNRI 95.6+10.0 97.619.3 93.0+10.4 0.11
Calcium, mmol/L 9.0 (9.4-9.8) 9.2 (9.0-9.9) 9.6 (9.2-9.8) 0.22
Phosphorus, mmol/L 5.4 (4.6-5.9) 5.1 (4.6-5.8) 5.6 (4.9-6.0) 0.46
PTH, pmol/L 184.0 (106.3-270.8) 195.0 (138.5-311.5) 170.5 (106.3-269.3) 0.42
CRP, mg/L 0.09 (0.03-0.23) 0.10 (0.03-0.19) 0.09 (0.03-0.41) 0.56
hANP, pg/mL 70.4 (49.1-118.8) 65.8 (48.4-120.0) 88.6 (50.8-114.8) 0.51
ISWT, m 290 (210-370) 365 (330-483) 195 (150-268) <0.001
Handgrip strength, kg 28.5(23.3-31.0) 29.8 (26.9-33.8) 24.9 (21.5-28.8) 0.002
Quadriceps strength, kg 22.3(14.5-31.1) 27.4 (17.1-34.9) 20.0 (14.4-24.4) 0.05

Continuous variables are expressed as means + standard deviation or median (25th-75th percentile) and binary variables as number
(percentage). ISWT, incremental shuttle walking test; HD, hemodialysis; APD, automated peritoneal dialysis; CAPD, continuous am-
bulatory peritoneal dialysis; SMI, skeletal mass index; BP, blood pressure; GNRI, geriatric nutritional risk index; PTH, parathyroid hor-
mone; CRP, C-reactive protein; hANP, human atrial natriuretic peptide; CCI, Charlson Comorbidity Index; PD, peritoneal dialysis.

for baseline assessment. Three of the 4 patients continued
PD until the end of study and the remaining 1 patient un-
derwent kidney transplantation. Eventually, 50 patients
who provided consent to participate in the study were
enrolled. The baseline PD vintage of the study cohort was
3.5 (1.3-6.5) years; 16 (32%) patients discontinued PD
and were transferred to HD during the study period. The
cause of transfer was peritonitis (n = 8), difficulties per-
forming PD due to decreased activities of daily living
(n =3) or cerebrovascular disease leading to physical dis-
ability (n = 2), catheter malfunction (n = 1), major ab-
dominal surgery (n = 1), and difficulty in controlling hy-
pertension with volume overload (n = 1). One participant
underwent kidney transplantation, and 2 died without

ISWT Predicts Survival on PD

changing PD modality. No patients were transferred to
HD in a planned fashion. The median follow-up period
was 27.5 (13.0-30.6) months, and there was no loss to
follow-up.

Table 1 summarizes the clinical characteristics of the
entire study population and of the 2 groups divided ac-
cording to the median of ISWT (Table 1). The patients
were significantly younger in long-ISWT group than
short-ISWT group, and handgrip and quadriceps strength
were higher in long-ISWT group as compared with those
of short-ISWT group, otherwise the differences were not
statistically significant. When compared between low-
and high-handgrip-strength groups, the differences of
sex, body weight, and SMI in addition to exercise param-
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Fig. 2. Kaplan-Meier analysis of death- and transplant-censored technique survival rate for groups divided ac-
cording to median ISWT (a), handgrip strength (b), and quadriceps strength (c). ISWT, incremental shuttle

walking test.

eters were statistically significant (see online suppl. Table
1; see www.karger.com/doi/10.1159/000511293 for all
online suppl. material), and when compared between
low- and high-quadriceps-strength groups, the differenc-
es of sex, age, body weight, BMI, and SMI in addition to
exercise parameters were statistically significant (online
suppl. Table 2).

Association between Exercise Capacity and Technique

Survival

Three (11%) of the 28 participants in the long-ISWT
group and 13 (59%) of the 22 in the short-ISWT group
transferred to HD. Median technique survival time was
significantly reduced in the short-ISWT group compared
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with the long-ISWT group (17.8 vs. 30.1 months, respec-
tively; p < 0.001) (Fig. 2a). Median technique survival
time was not statistically different between the low- and
high-handgrip-strength groups (23.8 vs. 26.2 months, re-
spectively; p = 0.46) (Fig. 2b) or low- and high-quadri-
ceps-strength groups (23.4 and 26.9 months, respectively;
p = 0.26) (Fig. 2c). When participants were stratified ac-
cording to the presence of assistance, median technique
survival time was significantly higher among those un-
dergoing assisted PD than those without assistance in the
short-ISWT group (14.7 vs. 28.4 months, respectively;
p =0.02), whereas they did not show any statistical differ-
ences in median technique survival time in the long-
ISWT group (29.8 vs. 32.0 months, respectively; p = 0.39)

Nakayama et al.
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Table 2. Results of multivariate Cox regression analysis associated with technique failure

Independent variables Model 1 Model 2

HR 95% CI p value HR 95% CI p value
Cause-specific hazards
Age (per 10 years) 0.87 0.39-1.93 0.88 - - -
Assisted PD 0.08 0.009-0.72 0.02 0.06 0.007-0.52  0.01
Frailty 0.24 0.02-3.15 0.28 - - -
CCI 2.04 1.17-3.56 0.01 1.90 1.20-3.00 0.006
PD vintage (years) 1.05 0.83-1.32 0.69 - - -
GNRI (per 10) 0.49 0.26-0.93 0.03 0.58 0.34-0.99 0.04
ISWT (per 100 m) 0.45 0.26-0.78 0.004 0.53 0.35-0.79 0.002
Subdistribution hazards
Age (per 10 years) 0.87 0.33-2.28 0.78 - - -
Assisted PD 0.08 0.01-0.63 0.02 0.11 0.02-0.77 0.03
Frailty 0.24 0.04-1.41 0.11 - - -
CCI 2.04 1.35-3.10 0.001 1.56 1.05-2.39 0.03
PD vintage (year) 1.05 0.86-1.27 0.63 - - -
GNRI (per 10) 0.49 0.25-0.97 0.04 - - -
ISWT (per 100 m) 0.45 0.24-0.83 0.01 0.52 0.33-0.82 0.005

HR, hazard ratio; CI, confidence interval; PD, peritoneal dialysis; GNRI, geriatric nutritional risk index; ISWT,
incremental shuttle walking test; CCI, Charlson Comorbidity Index.

(online suppl. Fig. 1). In the sensitivity analysis of tech-
nique survival regarding death and transplantation as
technique failure, the results were comparable with the
main analysis (online suppl. Fig. 2). Cox univariate anal-
ysis revealed that shorter ISWT distance, presence of DM,
history of cardiovascular disease, high CCI, and high se-
rum phosphorus levels were risk factors of technique fail-
ure, whereas PD vintage and handgrip and quadriceps
strength were not associated with technique failure. In
multivariate analysis, the cause-specific hazard model
used for standard Cox regression analysis revealed that
lower ISWT, higher CCI, absence of assisted PD, and low-
er GNRI, which were independently associated with tech-
nique failure, remained as significant predictors of tech-
nique failure after stepwise backward elimination, where-
as PD vintage had no significant association with
technique failure (Table 2). These models were assumed
to hold a proportional hazard assumption and had a suf-
ficiently high concordance index of over 0.85. The sub-
distribution hazard regression model showed a similar
result, with elimination of GNRI in stepwise backward
analysis.

Influence of Exercise Capacity on Outcomes
Peritonitis-free survival time was significantly shorter
in the short-ISWT group than the long-ISWT group (20.3

ISWT Predicts Survival on PD

and 27.2 months, respectively; p = 0.01) (Fig. 3a). The
peritonitis rates of the short- and long-ISW'T groups were
0.32 and 0.08 per patient-year, respectively, with an over-
all rate of 0.16 per patient-year. Among participants who
experienced peritonitis, 7 (70%) out of 10 in the short-
ISWT group and 2 (40%) out of 5 in the long-ISWT group
ceased PD and transferred to HD or died due to peritoni-
tis (p = 0.33). Peritonitis-free survival time was not statis-
tically different between the low- and high-handgrip or
quadriceps strength groups, either (p = 0.63 and p = 0.72,
respectively) (Fig. 3b, c). The incidence of PD-related
hospitalization was reported for 38 participants (76%),
and causes of 1st hospitalization within the study period
included peritonitis (n = 10), uncontrolled overhydration
(n =10), uremic solute retention (n = 5), tunnel infection
(n = 4), decreased levels of daily activity (n = 3), severe
anemia (n = 3), catheter malfunction (#n = 2), and volume
depletion (n = 1). The PD-related hospitalization-free
survival time was significantly shorter in the short-ISWT
group than the long-ISWT group (9.7 vs. 17.4 months,
respectively; p = 0.003) (Fig. 4a). On the contrary, PD-
related hospitalization-free survival time was not statisti-
cally different between low- and high-handgrip or quad-
riceps strength groups (p = 0.46 and p = 0.84, respective-
ly) (Fig. 4b, c).
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Fig. 3. Kaplan-Meier analysis of peritonitis-free survival rate for groups divided according to median ISWT (a),
handgrip strength (b), and quadriceps strength (c). ISWT, incremental shuttle walking test.

Discussion/Conclusion

Although age, cause of end-stage kidney disease, DM,
CCI, center size, PD modality, and the PD system have
been reported to be factors predicting technique survival
in PD therapy, there have been few studies focusing on
the association of exercise capacity with technique sur-
vival [13-15]. Our results demonstrate that, in a cohort
of patients on maintenance PD, ISWT is an exercise pa-
rameter, which is an independent factor predicting tech-
nique survival. This result persisted even after adjusting
for age, DM, use of assisted PD, frailty, CCI, PD vintage,
urine output, and GNRI. In contrast, no difference was
observed in technique survival between groups divided
according to handgrip or quadriceps strength. This
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seems to be attributable that ISWT was also reflecting
cardiorespiratory capacity plus muscular strength. The
long-ISWT group also exhibited improved rates of peri-
tonitis-free survival and PD-related hospitalization-free
survival. As peritonitis or overhydration are primary rea-
sons for the cessation of PD therapy, it is reasonable to
conclude that these factors contributed to the increased
technique survival observed in the long-ISWT group
[18].

To the best of our knowledge, Shi et al. [7] only re-
ported the association of an exercise parameter with
technique survival, using 6-min walking test. In the
present study, we demonstrated it with ISWT. Com-
pared with 6-min walking test, ISWT has a higher repro-
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Fig. 4. Kaplan-Meier analysis of peritoneal-dialysis-related-hospitalization-free survival rate for groups divided
according to median ISWT (a), handgrip strength (b), and quadriceps strength (c). ISWT, incremental shuttle

walking test; PD, peritoneal dialysis.

ducibility and furthermore can be conveniently used for
an exercise prescription according to estimated peak ox-
ygen uptake [19, 20]. A previous study demonstrated
that a 12-week home-based exercise program based on
ISWT can improve the aerobic capacity of PD patients
without any adverse effects [21]. This finding suggests
that home-based exercise therapy on ISWT has the po-
tential to counter the higher technique failure rate asso-
ciated with PD than HD. Verification of this hypothesis
is one of the goals of future interventional studies, in the
situation that there is still a distinct lack of knowledge of
exercise therapy in patients undergoing PD compared
with those undergoing HD; studies have shown that ex-
ercise capacity is associated with mortality, cardiovascu-

ISWT Predicts Survival on PD

lar function, and health-related quality of life, which can
be improved by exercise training in patients on HD [22-
26].

Presently, the phenomenon of rapid population aging
is observed in all developed countries; thus, assisted PD,
which enables elderly patients to receive PD at home, is
attracting a lot of attention. In France, over 50% of pa-
tients on PD aged 75 years or over receive assisted PD
[27]. The increased technique survival rate of the short-
ISWT group upon assisted PD implies that assisted PD
might be beneficial not only for elderly patients but also
for those with low exercise tolerance. Additionally,among
the 8 patients who were excluded due to physical compli-
cations unsuitable for exercise, all patients receiving as-
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sisted PD continued PD until death, while those undergo-
ing self-care PD were transferred to HD within approxi-
mately a year, suggesting that even in patients with severe
conditions, assisted PD might be helpful in preventing
unplanned transfer to HD. In order to make effective use
of the limited medical welfare service such as home-visit
nurse care, which is necessary for assisted PD, it needs to
be revealed what kind of patients should preferentially
receive assisted PD.

Although the reason why only ISWT distance among
exercise parameters was associated with technique sur-
vival is unclear, we proposed a multifaceted hypothesis.
One possible explanation is the correlation between
ISWT and physical activity in daily life. It has been re-
ported that ISWT is significantly associated with physi-
cal activity in PD patients compared with handgrip and
quadriceps strength [8, 28]. Physical activity affects mus-
cle contraction-induced myokine secretion, which has a
lot of physiological and clinical effects including anti-
inflammatory or antidepressant action [29]. This might
be a factor that only ISWT among exercise parameters
could predict technique survival. The other possible ex-
planation is possibility of cognitive function as a con-
founding factor. Cognitive impairment is associated
with technique failure. Walking requires the compre-
hensive ability including attention, executive and visuo-
spatial function, and the motor processing functions of
the motor cortex, basal ganglia, and cerebellum [30].
Otobe et al. [31] demonstrated that solely gait speed was
significantly associated with cognitive impairment
among several exercise parameters including handgrip
and leg strength in CKD patients. Although cognitive
function could not be examined in the present studys, it
is possible that the long-ISWT group had better cogni-
tive function than the short-ISWT group, which partial-
ly contributed to the difference in technique failure. The
final explanation is the association of ISWT with health-
related quality of life (HRQOL). We previously demon-
strated that not handgrip and quadriceps strength but
only ISWT was strongly correlated with higher HRQOL
subscales [8]. It was suggested that better HRQOL lead
to better technical and patient survival rates in the previ-
ous study [32]; therefore, higher ISWT might reflect bet-
ter HRQOL, which partly contributed to the improve-
ment of technical survival.

The present study has several limitations which
should be acknowledged. First, this was an observation-
al cohort study, which makes it difficult to prove causal-
ity between ISWT and outcomes in patients on PD. In
addition, because this study was performed in a single

388 Blood Purif 2021;50:380-389
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center and the sample size was relatively small, we have
to use stepwise backward elimination in multivariate re-
gression analysis. However, our model had enough con-
cordance index for a goodness of fit. Finally, our present
study also excluded patients who could not perform the
ISWT; therefore, we could not examine the association
of PD technique survival with excise capacity in such
patients, probably including the patients with severe
frailty. The exclusion criteria might have contributed to
an important selection bias, which should be considered
while interpreting the results. However, considering
that the presence of frailty as a binary parameter was not
associated with technique failure in both univariate and
multivariate analysis, we could conclude that ISWT as a
continuous variable was a sensitive and useful parame-
ter predicting technique failure in general patients on
PD. Our results should be interrupted cautiously owing
to possible selection bias and subsequent statistical anal-
ysis.

In conclusion, we demonstrate that ISWT is an impor-
tant predictor of technique survival in patients undergo-
ing maintenance PD. The introduction of assisted PD to
patients with low exercise tolerance can be beneficial in
terms of technique survival. In addition, our results
should be interrupted cautiously owing to the large num-
ber of limitations, possible selection bias, and subsequent
statistical analysis. Further intervention studies are need-
ed to verify whether exercise therapy can improve PD
technique survival and whether assisted PD can improve
the technique survival of patients with low exercise toler-
ance.
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