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ABSTRACT

Background. For hemodialysis (HD) patients, travel to the dialysis facility is an issue that can affect their quality of life (QOL),
both physically and mentally. However, evidence on this association of transportation modality with health-related QOL
(HRQOL) is scarce.

Methods. We conducted a cohort study among maintenance HD patients participating in the Japanese Dialysis Outcomes
and Practice Pattern Study Phase 5. The study included patients who were functionally independent and able to walk.
The primary exposure was the means of transportation to the dialysis facility, categorized into three groups, namely
transportation by other drivers (Group 1), transportation via self-driving (Group 2) and transportation by bicycle or walking
with or without public transportation (Group 3). The primary outcomes were physical and mental health composite scores
(PCS and MCS) in the 12-item Short Form at 1 year after study initiation.

Results. Among 1225 eligible patients (Group 1, 34.4%; Group 2, 45.0%; Group 3, 20.7%), 835 were analyzed for the primary
outcomes. Linear regression analyses revealed that patients in Groups 2 and 3 had significantly higher PCS and MCS
at 1 year than those in Group 1 {adjusted mean differences of PCS 1.42 [95% confidence interval (CI) 0.17–2.68] and 1.94
[95% CI 0.65–3.23], respectively, and adjusted mean differences of MCS 2.53 [95% CI 0.92–4.14] and 2.20 [95% CI 0.45–3.95],
respectively}.

Received: 9.3.2019. Editorial decision: 22.7.2019

VC The Author(s) 2019. Published by Oxford University Press on behalf of ERA-EDTA.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.
For commercial re-use, please contact journals.permissions@oup.com

640

Clinical Kidney Journal, 2020, vol. 13, no. 4, 640–646

doi: 10.1093/ckj/sfz110
Advance Access Publication Date: 11 September 2019
Original Article

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/13/4/640/5567531 by stm

ariannauniv user on 03 Septem
ber 2020

https://academic.oup.com/
https://academic.oup.com/
https://academic.oup.com/


Conclusions. Transportation modality was a significant prognostic factor for both PCS and MCS after 1 year in maintenance
HD patients.

Keywords: hemodialysis, health-related quality of life, HRQOL, J-DOPPS, quality of life, transportation, transportation
modality

INTRODUCTION

Health-related quality of life (HRQOL) is the most important
outcome for dialysis patients [1], because they and their care-
givers are strongly concerned about day-to-day tasks and the
enjoyment of living with their disease. Moreover, HRQOL is a
well-known predictor of survival [2–5]. Nevertheless, transpor-
tation to dialysis facilities (in-center facilities or satellite clinics)
to ensure the regular treatment required to achieve adequate
solute and fluid removal also accounts for a nonnegligible part
of the patient’s daily life and can therefore be a potential
factor affecting HRQOL among maintenance hemodialysis (HD)
patients [6]. However, little is known about which components
of transportation affect patient HRQOL or how they do so.

Previous studies have suggested associations between a lon-
ger transportation time and a decrease in HRQOL and increase
in mortality [7, 8] and between a longer transportation distance
and an increase in mortality [9]. Apart from moving nearer to
the dialysis facility, however, neither length nor time of travel is
modifiable. In contrast, the means of transportation might be
an important but overlooked component affecting patients’
HRQOL and activities of daily living (ADL), due to the regular
and lifelong physical activities involved. In particular, common
means of transportation in Japan include walking, bicycling,
cars and public transportation. For cars, an important consider-
ation is whether the patient drives him/herself. For patients
such as the very elderly and those with multiple co-morbidities,
the combination of being picked up at their house, then driven
to and dropped off at the dialysis facility by another person can
be endured over the long term. Nevertheless, such support
might deprive them of the opportunity for physical activity and
social connectedness, leading to a decrease in HRQOL and ADL.

To our knowledge, no study has yet longitudinally investi-
gated whether the means of transportation to a dialysis facility
affects patient HRQOL. Here we investigated the relationship be-
tween means of transportation and HRQOL as measured
via validated scales using nationally representative Japanese
Dialysis Outcomes and Practice Patterns Study (J-DOPPS) data.

MATERIALS AND METHODS
Design, setting and participants

The DOPPS is an international prospective cohort study of in-
center HD patients randomly selected from a representative
sample of dialysis facilities. The design of the DOPPS has been
detailed elsewhere [10]. Demographic characteristics, comorbid-
ities, laboratory values and drug prescriptions were abstracted
from medical records. For the Japanese DOPPS (J-DOPPS), labora-
tory data, drug information and dialysis conditions were col-
lected every 4 months. Mortality and hospitalization events
data were collected during study follow-up. In this study we
used J-DOPPS Phase 5, which was conducted between 2012 and
2015.

The target population of this study was adult patients re-
ceiving in-center HD who were able to visit the dialysis facility
from their home. To be eligible, patients had to be both

functionally independent, as determined by the Katz index of
independence in ADL [11], and able to walk, as determined
based on the patient’s response of ‘yes’ or ‘no’ to the question,
‘Are you able to walk?’ Patients with dementia were excluded.

Study approval was obtained from the central institutional
review board of Tokyo Women’s Medical University (approval
numbers 709, 1178, 1278, 1527, 1826 and 2143). Additional study
approval and written patient consent were obtained as required
by national and local ethics committee regulations. This study
complied with the Declaration of Helsinki.

Exposure

The main exposure was means of transportation to the dialysis
facility at baseline, categorized into three groups according to
the dependency of transportation and intensity of physical
activity, based on the self-administered patient questionnaire
‘How do you usually get to dialysis?’. Group 1 were dependent
on others for transportation (transportation by other drivers, in-
cluding by taxi or shuttle offered by the dialysis facility), Group
2 were those who were independent but whose transport did
not require physical activity (transportation via self-driving)
and Group 3 were those who were independent and whose
transport required physical activity (transportation by bicycle or
walking with or without public transportation).

Outcomes

The primary outcomes were physical and mental health com-
posite scores (PCS and MCS) in the 12-item Short Form (SF-12) at
1 year after study initiation [12]. Secondary outcomes were first
hospitalization and any-cause death. Hospitalization events
were defined as an inpatient hospitalization with an overnight
stay. Time at risk for hospitalization started at study enrollment
and ended at the earlier of time of first hospitalization, 7 days
after leaving the facility unit because of transfer or change in re-
nal replacement therapy modality, date of transplantation, loss
to follow-up or end of DOPPS phase. Time at risk for any-cause
death started at study enrollment and ended at the earlier of
time of death, 7 days after leaving the facility unit because of
transfer or change in renal replacement therapy modality, date
of transplantation, loss to follow-up or end of DOPPS phase.

Statistical analysis

Baseline characteristics are presented using standard descrip-
tive statistics: means [standard deviations (SDs)] and medians
(25th and 75th percentiles) for continuous variables and percen-
tages for categorical variables. For the primary outcomes, linear
regression models were used to estimate the mean differences
and 95% confidence intervals (CIs) for PCS and MCS at 1 year af-
ter study initiation associated with the difference in transporta-
tion modality, with facility clustering accounted for using
cluster-robust variance estimation. In multivariable linear re-
gression models, we adjusted for the following clinically impor-
tant confounding factors measured at study baseline related to
both the transportation modality and PCS or MCS at 1 year after
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study initiation: age; gender; dialysis vintage; body mass index
(BMI); primary cause of end-stage kidney disease (ESKD), includ-
ing diabetes mellitus, chronic glomerulonephritis, hypertension
and others; comorbidities, including diabetes mellitus, cardio-
vascular disease (congestive heart failure and coronary artery
disease), pulmonary disease, cerebrovascular disease, malig-
nancy and peripheral vascular disease; levels of hemoglobin,
creatinine, albumin and C-reactive protein (CRP); and PCS or
MCS. For the secondary outcomes, Cox regression models were
used to estimate the associations between the means of trans-
portation and both time to first hospitalization and all-cause
mortality accounting for facility clustering, in which hazard
ratios (HRs) and 95% CIs were estimated using cluster-robust
variance estimation. As a sensitivity analysis, we also evaluated
the associations between transportation mode and time to a
composite of first hospitalization or any-cause death using a
Cox regression model with consideration for facility clustering.
In the multivariable Cox regression models, we adjusted for the
following clinically important confounding factors measured at
study baseline related to both transportation modality and first
hospitalization or any-cause death: age; gender; dialysis vin-
tage; BMI; primary renal disease, including diabetes mellitus,
chronic glomerulonephritis, hypertension and others;
comorbidities, including diabetes mellitus, cardiovascular dis-
ease (congestive heart failure and coronary artery disease), pul-
monary disease, cerebrovascular disease, malignancy and
peripheral vascular disease; and levels of hemoglobin, creati-
nine, albumin and CRP. Furthermore, we conducted a sensitivity
analysis to examine the associations between the means of
transportation and the number of hospitalizations and death by
estimating incidence rate ratios (IRRs) using a generalized esti-
mating equation with negative binomial distribution, adjusted
for the same confounders as mentioned above and clustering by
facilities using robust standard estimation.

Patients with complete data on both exposure and (primary
and secondary) outcome variables were included in the analy-
ses. Markov chain Monte Carlo methods of multiple imputa-
tions were implemented for missing data wherein 20
imputations were performed, assuming that analyzed data
were missing at random. To derive effect estimates and 95% CIs
from multiple imputed data, the mean value for each of the 20

estimates for coefficients of each model was determined and
variances of the 20 estimates were pooled according to Rubin’s
rules. P-values <0.05 were considered statistically significant.
Statistical analyses were conducted using STATA version 14
(StataCorp, College Station, TX, USA).

RESULTS
Baseline characteristics

Of the 2235 eligible patients, 1010 with missing exposure varia-
bles were excluded, leaving 1225 for analysis of secondary
outcomes and 835 for analysis of the primary outcome (Figure 1).

Baseline characteristics of the 1225 subjects are summa-
rized in Table 1. The median age and dialysis vintage were 64
[interquartile range (IQR) 56–72] and 5.5 (IQR 2.2–11.3) years, re-
spectively, and 819 (66.9%) were male. A total of 421 (34.4%)
subjects were categorized as Group 1, 551 (45.0%) as Group 2
and 253 (20.7%) as Group 3 according to means of transporta-
tion to their dialysis facility. Patients in Group 2 tended to be
much younger and much more frequently male and to have a
much longer dialysis vintage than those in the other groups.
With regard to physical and mental health, patients in Group 1
were more likely to have much lower PCS and MCS than those
in the other groups.

Baseline characteristics of those eligible patients who were
excluded because of missing information on transportation mo-
dality are presented in Supplementary data, Table S1. They
were older and had a shorter dialysis vintage and a higher likeli-
hood of having diabetes and vascular comorbidities.

Primary outcomes

After excluding 43 (3.5%) of the 1225 eligible study subjects who
died, 86 (7.0%) who were censored for reasons other than death
within 1 year and 261 (21.3%) with missing values for PCS or
MCS at 1 year, 835 (68.2%) were included in the analysis for the
primary outcome. Adjusted mean differences in the multivari-
able linear regression models shown in Table 2 revealed that
patients in Group 2 had significantly higher PCS and MCS
at 1 year than those in Group 1 [mean difference in PCS 1.42

FIGURE 1: Study flow diagram.
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(95% CI 0.17–2.68) and mean difference in MCS 2.53 (95% CI 0.92–
4.14), respectively]. Patients in Group 3 also had significantly
higher PCS and MCS at 1 year than those in Group 1 [mean dif-
ference in PCS 1.94 (95% CI 0.65–3.23) and mean difference in
MCS 2.20 (95% CI 0.45–3.95), respectively]. Age and dialysis vin-
tage were negatively associated with PCS at 1 year but not with
MCS at 1 year, whereas the presence of malignancy was nega-
tively associated with MCS at 1 year but not with PCS at 1 year.
Moreover, baseline PSC and MCS were positively associated
with those at 1 year.

Secondary outcomes

During a median follow-up period of 3 (IQR 2.3–3) years, 746 first
hospitalizations and 138 deaths were observed among the 1225
study subjects. Adjusted HRs (aHRs) in the multivariable Cox re-
gression models are shown in Table 3. These revealed that there
was no significant difference in either time to first hospitaliza-
tion or all-cause mortality among the groups [aHRs of Group 2
0.94 (95% CI 0.80–1.10) and 0.75 (95% CI 0.54–1.05), respectively,

and of Group 3 0.99 (95% CI 0.81–1.21) and 0.82 (95% CI 0.47–
1.43), respectively].

Sensitivity analyses

Sensitivity analyses confirmed that means of transportation
was not associated with time to first hospitalization or any-
cause death [Groups 2 and 3 aHRs 0.98 and 0.97 (95% CIs 0.79–
1.22 and 0.74–1.27), respectively]. We also found no association
between transportation mode and multiple hospitalization or
death [Groups 2 and 3 adjusted IRRs 0.97 and 0.91 (95% CIs 0.86–
1.09 and 0.79–1.06), respectively] (Supplementary data, Table
S2).

DISCUSSION

To our knowledge, this is the first report to address the relation-
ship between means of transportation and HRQOL among main-
tenance HD patients. The patients who independently go to the
dialysis facility, either by driving a car (Group 2: independent but
not active physical activity) or by bicycle or walking with or

Table 1. Baseline characteristics of the patients

Characteristics
Total

(n¼ 1225)
Group 1
(n¼421)

Group 2
(n¼ 551)

Group 3
(n¼ 253)

Patients with
missing data, n

Age (years)a 63.7 (12.0); 64 (56–72) 68.9 (10.3); 70 (63–76) 60.2 (12.0); 62 (53–68) 62.8 (11.9); 64 (56–71) 0
Sex (male), n (%) 819 (66.9) 215 (51.1) 438 (79.5) 166 (65.6) 3
Dialysis vintage (years)a 7.8 (7.4); 5.5 (2.2–11.3) 7.1 (7.1); 5.1 (2.0–9.5) 8.7 (8.0); 6.3 (2.4–13.3) 7.1 (6.6); 5.2 (2.2–10.5) 6
BMI (kg/m2)a 21.6 (3.6); 21.2

(19.1–23.6)
21.3 (3.6); 21.1

(18.6–23.0)
21.9 (3.7); 21.3

(19.2–24.1)
21.6 (3.4); 21.1

(19.3–23.6)
129

Primary cause of ESKD, n (%) 0
Diabetes 387 (31.6) 179 (42.5) 132 (24.0) 76 (30.0)
Chronic

glomerulonephritis
483 (39.4) 130 (30.9) 269 (48.8) 84 (33.2)

Hypertension 72 (5.9) 31 (7.4) 24 (4.4) 17 (6.7)
Others 283 (23.1) 81 (19.2) 126 (22.9) 76 (30.0)

Comorbidity, n (%) 0
Diabetes 440 (35.9) 199 (47.3) 155 (28.1) 86 (34.0)
Cardiovascular disease 317 (25.9) 126 (29.9) 122 (22.1) 69 (27.3)
Pulmonary disease 28 (2.3) 12 (2.9) 9 (1.6) 7 (2.8)
Cerebrovascular disease 73 (6.0) 36 (8.6) 26 (4.7) 11 (4.4)
Peripheral vascular

disease
83 (6.8) 42 (10.0) 30 (5.4) 11 (4.4)

Malignancy 11.2 (9.1) 43 (10.2) 46 (8.3) 23 (9.1)
Laboratory dataa

Hemoglobin (g/dL) 10.7 (1.1); 10.7
(10.0–11.3)

10.6 (1.1); 10.6
(10.0–11.2)

10.8 (1.2); 10.8
(10.1–11.4)

10.8 (1.0); 10.8
(10.1–11.4)

9

Creatinine (mg/dL) 10.8 (2.7); 10.7 (8.9–12.7) 9.6 (2.3); 9.4 (8.2–11.0) 11.5 (2.7); 11.5 (9.7–13.3) 11.1 (2.6); 11.0 (9.2–12.9) 7
Albumin (g/dL) 3.7 (0.4); 3.7 (3.5–4.0) 3.6 (0.4); 3.7 (3.4–3.9) 3.8 (0.3); 3.8 (3.6–4.0) 3.7 (0.4); 3.7 (3.5–4.0) 37
Sodium (mEq/L) 138.7 (3.2); 139.0

(137.0–141.0)
138.4 (3.6); 139.0

(136.9–140.2)
139.0 (2.9); 139.0

(137–141.0)
138.8 (3.0); 139.0

(137.0–14.01)
25

Potassium (mEq/L) 4.8 (0.7); 4.8 (4.3–5.2) 4.7 (0.7); 4.7 (4.1–5.2) 4.9 (0.7); 4.8 (4.4–5.3) 4.8 (0.7); 4.8 (4.3–5.3) 7
Calcium (mg/dL) 8.9 (0.8); 8.9 (8.4–9.4) 8.9 (0.8); 8.9 (8.5–9.3) 9.0 (0.8); 8.9 (8.4–9.5) 8.9 (0.7); 9.0 (8.4–9.4) 147
Phosphorus (mg/dL) 5.3 (1.4); 5.1 (4.3–6.1) 5.1 (1.3); 5 (4.2–5.8) 5.4 (1.4); 5.2 (4.3–6.2) 5.3 (1.3); 5.2 (4.5–5.9) 7
CRP (mg/dL) 0.4 (1.2); 0.1 (0.05–0.3) 0.6 (1.8); 0.2 (0.1–0.4) 0.4 (0.9); 0.1 (0.1–0.3) 0.3 (0.6); 0.1 (0.1–0.2) 420

SF-12a

PCS 44 (9.0); 45 (37.5–51.9) 40.5 (9.1); 40.2 (34.1–48.2) 45.7 (8.5); 47.3 (39.7–52.5) 45.7 (8.2); 46.9 (39.6–52.4) 232
MCS 45.9 (10.4); 45.8

(38.6–54.1)
44.0 (10.7); 42.9

(36.9–52.1)
46.9 (10.3); 46.9

(40.1–55.3)
46.5 (9.7); 46.9

(38.8–54.1)
232

Group 1: patients were driven to their dialysis facility by someone else; Group 2: patients drove to their dialysis facility themselves; Group 3: patients went to their dial-

ysis facility on foot or via public transportation.
aMean (SD); median (IQR).
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without public transportation (Group 3: independent and active
physical activity) had significantly higher PCS and MCS at 1 year
than patients who were dependently transported by other drivers
(Group 1: dependent transportation).

The lower MCS and PCS among patients who were trans-
ported by other drivers (Group 1) might be explained by
the fewer opportunities for social activity as well as the weaker
intensity of physical activity compared with those who drove
themselves (Group 2). We speculate that patients in Group 1
might have been less likely to engage in physical and social ac-
tivities during dialysis travel, such as shopping, meeting friends
and working, compared with Group 2. This might, in turn, lead
to a loss of social connectedness or independence. In addition,
the difference in PCS between Groups 1 and 3 was slightly
greater than that between Groups 1 and 2. These observations
can be explained by a lower intensity of physical activity among
Group 2 than Group 3, as driving a car to the dialysis facility is
less active than walking or bicycling. Interestingly, the differ-
ence in MCS between Groups 1 and 2 was slightly greater than
that between Groups 1 and 3. Several previous studies might
support the observed relationship between driving a car and
MCS. For example, among the elderly general population, both
driving a car and having a car itself might be associated with
better generic QOL [13, 14].

In contrast, the hard outcomes of mortality and hospitali-
zation were not associated with transport methods among our
population. Several explanations are possible. First, Japanese
dialysis patients are well known for having a lower mortality
rate than their Western counterparts [15]. Second, our patients

were relatively younger than average Japanese dialysis
patients, who had better HRQOL compared with the prior J-
DOPPS cohort [5], and had well-controlled anemia and
low CRP, probably because we included only those who could
walk alone. Thus our cohort was a relatively low-risk popu-
lation for mortality.

Our results have several implications for dialysis clinicians
and patients. First, means of transportation is commonly a
modifiable factor, along with albumin and anemia, in improving
HRQOL in ESKD patients [16–20]. Beside the means of transpor-
tation, time of transportation was also recognized as a risk
factor for worse HRQOL [7–9], and efforts to decrease transporta-
tion time were considered to be one possible way of improving
HRQOL [8]. However, transportation time is difficult to modify,
short of patients moving nearer to their dialysis facility. In con-
trast, means of transportation is modifiable. For example,
replacing dependent transportation with self-driving or walk-
ing, bicycling or public transportation may be feasible, and
would be expected to improve both MCS and PCS. This notion is
partially supported by studies among general populations
wherein ‘isotemporal substitution’, namely the replacement of
an inactive behavior, such as sedentary behavior, with an active
behavior for an equal time can lead to improvements in physi-
cal health [21], body weight loss [22] and a reduction in cardio-
vascular biomarkers [23]. In addition, the relevance of the
means of transportation is reflected by the large proportion of
patients in Group 1 (34.4%). Indeed, one survey estimated that
one in six in-center dialysis patients in Japan used a private
pickup transfer service regardless of the patient’s physical

Table 2. Association of baseline characteristics with PCS and MCS at 1 year after study initiation

Characteristics
PCS at 1 year MCS at 1 year

Mean difference (95% CI) P-value Mean difference (95% CI) P-value

Group
2 (versus 1) 1.42 (0.17–2.68) 0.03 2.53 (0.92–4.14) 0.002
3 (versus 1) 1.94 (0.65–3.23) 0.003 2.20 (0.45–3.95) 0.01

Age per 1 year 20.09 (20.14 to 20.04) <0.001 0.02 (�0.05–0.08) 0.58
Male (versus female) 20.39 (21.62–0.83) 0.53 20.29 (21.82–1.23) 0.71
Dialysis vintage per 1 year 20.08 (20.14 to 20.01) 0.02 0.02 (20.07–0.10) 0.73
BMI per 1 kg/m2 20.02 (20.17–0.14) 0.84 20.003 (20.19–0.18) 0.97
Primary cause of ESRD

Chronic glomerulonephritis (versus diabetes) 0.20 (21.87–2.27) 0.85 21.35 (24.21–1.51) 0.36
Hypertension (versus diabetes) 1.81 (21.24–4.87) 0.25 20.62 (24.22–2.97) 0.73
Others (versus diabetes) 0.42 (22.08–2.91) 0.74 21.23 (24.40–1.95) 0.45

Comorbidity
Diabetes yes (versus no) 20.54 (22.82–1.73) 0.64 20.19 (22.87–2.49) 0.89
Cardiovascular disease yes (versus no) 20.35 (21.78–1.08) 0.63 20.55 (22.17–1.08) 0.51
Pulmonary disease yes (versus no) 1.32 (22.16–4.80) 0.46 1.78 (22.25–5.81) 0.39
Cerebrovascular disease yes (versus no) 1.01 (21.62–3.64) 0.45 0.31 (23.00–3.62) 0.85
Peripheral vascular disease yes (versus no) 20.98 (23.16–1.19) 0.38 0.73 (21.94–3.40) 0.59
Malignancy yes (versus no) 20.70 (22.33–0.93) 0.4 22.83 (25.21 to 20.45) 0.02

Laboratory data at baseline
Hemoglobin per 1 g/dL 0.12 (20.45–0.68) 0.68 0.13 (20.48–0.73) 0.68
Creatinine per 1 mg/dL 0.20 (20.08–0.47) 0.17 0.12 (20.21–0.46) 0.47
Albumin per 1 g/dL 1.27 (20.58–3.12) 0.18 1.05 (21.02–3.11) 0.32
CRP per 1 mg/dL 20.41 (21.03–0.22) 0.2 20.12 (20.96–0.72) 0.78

SF-12 score at baseline
PCS per 1 0.49 (0.42–0.55) <0.001 –
MCS per 1 – – 0.54 (0.47–0.62) <0.001

Group 1: patients were driven to their dialysis facility by someone else; Group 2: patients drove to their dialysis facility themselves; Group 3: patients went to their

dialysis facility on foot or via public transportation.

P<0.05 is in bold.
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independence and transport distance [24]. On the one hand, a
private transfer service would ensure a regular HD regimen and
consequently reduce unplanned hospitalizations, particularly
for patients living in rural areas with limited public transporta-
tion systems or with ADL difficulty [6]. On the other hand, given
our present results it may be a time for both dialysis facilities
and patients to reconsider private transfer services as a ‘double-
edged sword’ for selected patients living in urban cities who
have the option to visit dialysis facilities by transfer service ver-
sus self-driving or walking/bicycling within an acceptable (say,
0.5 h) period.

Second, the observed differences in mean PCS and MCS at
1 year of �2–3 points might be clinically relevant. The minimum
clinically important difference, the smallest value considered to
be worthwhile or important, in the 36-item Short Form Health
Survey scales was said to be 3–5 points [25], and expected differ-
ences in PCS and MCS among our patients may range from 3 to
5 points, provided that the 2-year observation period is ex-
tended and the annual decreases in MCS and PCS remain con-
stant. In addition, our cohort included only Japanese patients,
who have generally shown better HRQOL than patients in other
DOPPS countries [5], and those who could walk unaided. In this
regard, the small difference in HRQOLs seen in our study with
only 1 year’s observation is predictive.

This study has several limitations. First, the study cohort
was limited to Japanese patients. Thus our results might not be
generalizable to other countries, as means of transportation dif-
fer among countries, together with differences in health care
service, health insurance and transportation system. However,
given the emerging worldwide problem of aging societies and
rapid increases in the number of elderly dependent dialysis

patients, we believe that the means of transportation and po-
tential health consequences presented in this study will serve
as a useful reference for other countries expecting to face prob-
lems similar to those in Japan in the future. Second, in multivar-
iable analysis, some socioeconomic factors were unavailable
and thus not adjusted for. Social support is associated with both
HRQOL [5, 26, 27] and selection of the means of transportation.
Household income is associated with car ownership and the
use of public transportation. Adjustment of these factors might
therefore attenuate the strengths of the association between
means of transportation and HRQOL. However, we believe that
socioeconomic factors such as household income are not di-
rectly associated with HRQOL, but rather with ‘general’ QOL [28].
Third, the distance to the dialysis facility, one determinant of the
means of transportation, is not considered. For patients living far
from their dialysis facilities, switching from dependent transpor-
tation to transportation by bicycle or walking is not unrealistic,
but is unlikely to occur. Fourth, our results might not be represen-
tative of total eligible patients in our study, as we excluded 45%
of eligible patients due to missing data on transportation modal-
ity. Finally, further studies to better understand the causal rela-
tionship between transfer method and HRQOL are warranted,
including the new-user approach, in which observation starts at
the beginning of use of a particular type of transportation.

In conclusion, this study showed that independent travel to a
dialysis facility was associated with significantly better PCS and
MCS at 1 year compared with results in those who had someone
to drive them. In addition to transportation time and distance,
the means of transportation makes an important contribution to
HRQOL. Dialysis staff should take these transportation-related
issues into account to maintain HRQOL among dialysis patients.

Table 3. Association of baseline characteristics with first hospitalization and any-cause death

Characteristics
First hospitalization Any-cause death

HR (95% CI) P-value HR (95% CI) P-value

Group
2 (versus 1) 0.94 (0.80–1.10) 0.42 0.75 (0.54–1.05) 0.09
3 (versus 1) 0.99 (0.81–1.21) 0.94 0.82 (0.47–1.43) 0.48

Age per 1 year 1.01 (1.00–1.02) 0.02 1.04 (1.02–1.06) <0.001
Male (versus female) 1.21 (1.05–1.39) 0.01 2.67 (1.56–4.58) <0.001
Dialysis vintage per 1 year 1.01 (1.00–1.02) 0.14 1.03 (1.01–1.06) 0.01
BMI per 1 kg/m2 1.00 (0.98–1.02) 0.93 0.98 (0.91–1.05) 0.55
Primary cause of ESKD

Chronic glomerulonephritis (versus diabetes) 1.05 (0.74–1.50) 0.77 0.42 (0.18–0.96) 0.04
Hypertension (versus diabetes) 1.18 (0.77–1.81) 0.44 0.54 (0.22–1.34) 0.18
Others (versus diabetes) 1.10 (0.76–1.60) 0.61 0.59 (0.24–1.46) 0.25

Comorbidity
Diabetes yes (versus no) 1.27 (0.92–1.76) 0.14 0.77 (0.33–1.79) 0.54
Cardiovascular disease yes (versus no) 1.18 (1.02–1.35) 0.02 1.25 (0.89–1.77) 0.2
Pulmonary disease yes (versus no) 0.97 (0.55–1.73) 0.93 1.62 (0.65–4.06) 0.3
Cerebrovascular disease yes (versus no) 1.21 (0.94–1.58) 0.15 2.20 (1.37–3.53) 0.001
Peripheral vascular disease yes (versus no) 1.16 (0.97–1.38) 0.1 0.97 (0.51–1.84) 0.92
Malignancy yes (versus no) 0.97 (0.79–1.18) 0.73 1.14 (0.70–1.84) 0.61

Laboratory data at baseline
Hemoglobin per 1 g/dL 1.01 (0.95–1.08) 0.72 0.97 (0.83–1.13) 0.69
Creatinine per 1 mg/dL 0.92 (0.89–0.95) <0.001 0.84 (0.76–0.93) 0.001
Albumin per 1 g/dL 0.81 (0.62–1.05) 0.11 0.67 (0.38–1.20) 0.18
CRP per 1 mg/dL 1.06 (0.98–1.14) 0.15 1.19 (1.06–1.34) 0.003

Group 1: patients were driven to their dialysis facility by someone else; Group 2: patients drove to their dialysis facility themselves; Group 3: patients went to their dial-

ysis facility on foot or via public transportation.

P<0.05 is in bold.
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