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Abstract

Background In Japan, home hemodialysis (HHD) has several benefits, including a favorable prognosis, enhanced
quality of life (QOL) of patients, and cost-effectiveness. However, the caregiver’s burden in assisting patients on HHD
is significant, which influences their decision to continue HHD. This study focused on the relationship between medi-
cal and nursing interventions, caregiver resolve to continue HHD, and caregiver quality of life, aiming to create sup-
port strategies for caregivers.

Methods A multicenter cross-sectional survey was conducted on caregivers of patients on HHD from 150 HHD
facilities in Japan. The caregiver's intent to continue HHD was assessed using a four-tier response scale that evaluated
aspects such as caregiver-healthcare provider meetings, caregiver breaks, treatment discussions, difficulty in HHD
initiation, and post-initiation medical support. Caregiver QOL was evaluated using the Short-form Health Survey, eight
domains (SF-8). Statistical analysis involved x-squared tests, independent t-tests, and propensity score matching.

Results The study achieved a caregiver participation rate of 55.6%. Results indicated that caregivers who were
inclined to continue HHD were significantly more likely to receive respite outpatient dialysis and had a better under-
standing of HHD mechanics as explained by healthcare professionals; however, propensity score matching revealed
limited generalizability. There was no significant difference in the SF-8 scores before and after propensity score match-
ing among the groups.

Conclusions This study highlights that there are a small number of caregivers who have little motivation to continue
HHD and emphasizes the crucial role of support from healthcare professionals. Comprehensive support, including res-
pite dialysis and detailed HHD information, may affect HHD sustainability.
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Background

In Japan, the prevalence of patients on maintenance
hemodialysis (HD) has increased to approximately
350,000, while that of patients on home hemodialy-
sis (HHD) exceeds 740 [1]. HHD has several benefits,
including a favorable prognosis, enhanced patient quality
of life (QOL) [2, 3], and cost-effectiveness [4], as it miti-
gates the increasing costs of dialysis treatment. In Japan,
HHD patients perform dialysis using the same machines
and dialysis methods as center dialysis, and a caregiver
is essential during HHD to ensure safety. Caregiver is
someone who helps patient with things they cannot do
during HHD, operates the equipment according to the
patient’s requests, and deals with problems that arise [5].
In Japan, caregivers are mainly family members, and car-
egivers, including non-medical professionals, must assist
with dialysis. Hence, a caregiver’s burden is one factor
leading to patients withdrawing from HHD [6].

Support for caregivers and assessing their QOL are
important, as they are integral to sustaining HHD. Even
in countries such as Canada and the USA where caregiv-
ers are not obligated to perform HHD, healthcare insti-
tutions employ various measures to reduce caregiver
stress [7, 8]. Previous studies have shown that lessening
this strain correlates with a patient’s QOL and support
from health professionals and family [9]. The Japanese
Association of Dialysis Physicians, which established the
standard for HHD management in Japan, describes the
requirement of support for caregivers during the induc-
tion phase of HHD [5]. However, the actual medical and
nursing interventions for caregivers that facilitate HHD
and the influence of QOL remain underinvestigated.

Addressing the burden on HHD caregivers and
determining specific medical and nursing actions that
influence their continuation with HHD and QOL are
essential. A prior study revealed that HHD caregivers feel
overwhelmed due to their involvement during treatment,
their sense of duty, and their relationship with the patient
[7]. Nevertheless, dedicated medical and nursing support
for HHD is already being instituted in HHD facilities [10,
11], which might impact a caregiver’s commitment to
continuing HHD. Investigating the relationship between
the medical and nursing support received by HHD car-
egivers and their dedication to continuing HHD in vari-
ous centers would offer insights into the specialized care
approaches that may reduce caregivers stress. This infor-
mation could revolutionize the support system for HHD
caregivers and potentially promote HHD in Japan, where
caregivers are indispensable.

This research aimed to identify the relationship
between medical and nursing interventions, caregivers’
resolve to continue HHD, and their QOL in a multicenter
cross-sectional survey.
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Participants

The study participants included caregivers of patients on
HHD from 150 facilities, including 74 facilities published
in the list of home hemodialysis facilities on the Japanese
Society for Home Hemodialysis website, 56 facilities that
are JSHHD members, and 20 facilities where HHD is
implemented. Caregivers were eligible for study inclusion
if they responded to the distributed survey. Nonrespon-
sive participants were excluded.

Methods

The total number of inquiries from each HHD supervisor
was followed by mailing the corresponding paper surveys
to the facilities. The surveys were given to patients on
HHD and their caregivers, and the completed forms were
mailed back to the researcher; this phase was conducted
from 8 March—31 May 2022.

Measurement

To evaluate a caregiver’s intent to continue HHD, a four-
tier response scale was used. Affirmative responses were
grouped as “willing to continue HHD,” whereas negative
ones were categorized as “reluctant to continue HHD.

The questionnaires asked about scheduled meetings
for caregivers and healthcare providers, periodic breaks
for caregivers during in-center dialysis (respite dialysis),
opportunities for caregivers to discuss their anticipations
regarding future treatment with other patients on HHD
or caregivers, perceived difficulty of introducing HHD
training, and the perceived sufficiency of post-HHD ini-
tiation medical support. Additionally, prior information
about HHD by healthcare providers and their perception
of whether HHD-related instructions or explanations
were provided throughout their knowledge. Knowledge
consisted of HHD (three items), pretreatment prepara-
tion (two items), initiation (three items), ongoing treat-
ment (five items), termination (four items), and others
(five items).

Caregiver’s QOL was determined using the Short-form
Health Survey, eight domains (SF-8), which is a vali-
dated tool that was designed to assess the health-related
QOL. The SE-8 comprises eight domains: physical func-
tionality, physical role (constraints due to physiological
well-being), bodily discomfort, general health percep-
tions, vitality (energy versus fatigue), societal interaction,
emotional role (limitations due to emotional factors),
and psychological well-being. Each domain of the SF-8
uses either a 5- or 6-point Likert scale. Response varia-
tions differ by domain and range from “constantly” to
“never” or from “exceptional” to “suboptimal” Scor-
ing involved established methodologies that produced
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individual scores for each domain. Cumulatively, these
scores describe the Physical Component Summary (PCS)
and the Mental Component Summary (MCS).

Statistical analysis

Missing information on the participant’s characteristics
was complemented using the IBM SPSS Missing Values
option based on the missing-at-random assumption to
minimize missing bias. To ensure internal validity, we
created 20 assigned designs with missing values, com-
bined the averaged values, and adjusted the standard
error to reflect the inside and outside of the complement
(Supplementary Material 1: Tables 1-3). The main out-
come was determined by the x-squared test and the inde-
pendent ¢.

Propensity score matching was used to identify the
“willing to continue HHD” and “reluctant to continue
HHD” groups, adjusted for confounding factors. We
then matched caregiver age, caregiver gender, patient
age, patient gender, duration of care, duration of HD, and
duration of HHD, with the “reluctant to continue HHD”

Table 1 Participant characteristics
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group as a control. The x-squared test and the independ-
ent f-test were used to compare the “reluctant to con-
tinue HHD” and “willing to continue HHD” groups.

Statistical analyses were performed using SPSS soft-
ware (ver. 28.0, IBM Corp., Armonk, NY, USA). The sig-
nificance threshold was set at 0.05.

Results
Overall, 67 (44.67%) facilities responded to the question-
naires. Regarding the caregivers survey, 298 out of the
536 (55.6%) caregivers participated. Table 1 presents the
profiles of the caregivers and their respective patients
on HHD. The mean age of the patients of caregivers in
the “reluctant to continue HHD” group (62.8 £2.2 years)
was notably higher than those in the “willing to continue
HHD” group (57.1 £ 0.6years (p <0.05). However, this dif-
ference disappeared after propensity score matching. No
other significant differences were observed between the
caregiver- and patient-related variables across all groups.
Table 2 shows the variations in caregiver support
offered by HHD facilities. The “willing to continue

Overall (n=298) Reluctant to continue

Before propensity score After propensity score

HHD care group matching matching
(n=18)

Willing to continue P-value Willing to continue P-value

HHD care group HHD care group

(n=280) (n=18)
Caregiver information
Age (years) 576+0.7 615+2.2 573+0.7 0.07 60.7£11.6 0.98
Sex (men, %) 62.0(20.8) 40(19.0) 58.0(20.9) 084 2(11.1) 033
Employment (yes, %) 201.1 (67.5) 14.3 (67.8) 186.8 (67.4) 0.96 11(61.1) 0.48
Spouse of the patients (yes, %) 2446 (82.1) 14.4 (68.2) 230.2 (83.1) 0.11 15(83.3) 0.50
Living together with patients 284 (95.3) 18.1(85.8) 266.0 (96.0) 046 17 (94.4) 0.50
(yes, %)
Other family members requiring  25.9 (8.7) 2.1(10.0) 23.8(8.6) 0.84 3(16.7) 011
care (yes, %)
Duration of care (month) 820+44 90.6+14.2 81.3+4.7 0.54 11524928 045
Presence of other HHD caregiv- ~ 51.7 (17.3) 4.1(194) 476(17.2) 0.79 1(5.6) 0.32
ers (yes, %)
HHD patients information
Age (years) 575406 628+2.2 571406 0.01 59.8+£105 043
Sex (men, %) 2259 (75.8) 13.5 (64.0) 2124(76.7) 0.20 14.(77.7) 0.50
Employment (yes, %) 212.3(71.2) 11.8(55.9) 200.5 (72.4) 0.13 13(72.2) 0.63
Duration of hemodialysis 1502+6.7 191.6+24.8 147.1+69 0.08 2003+1390 0.69
or peritoneal dialysis before HHD
(month)
Duration of HHD (month) 82.1£40 1026+£14.5 80.6+4.2 0.14 1152+£928 0.50
HHD frequency (times/week) 4.7£0.1 46+0.2 4.7£0.1 043 51+12 0.17
HHD time (h) 46+0.1 44+£04 46+0.1 0.57 41+£18 0.37
Long-term care insurance 216(7.2) 1.0(4.7) 206 (7.4) 0.65 0(0) 0.50

accreditation (yes, %)

HD, hemodialysis; HHD, home hemodialysis
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Table 2 Results of the support of HHD facility for caregiver
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Overall (n=298) Reluctant to continue

Before propensity score After propensity score

HHD care group matching matching
(n=18)

Willing to continue P-value Willing to continue P-value

HHD care group HHD care group

(n=280) (n=18)
Whether opportunities were set ~ 173.7 (58.3) 114 (54.0) 162.3 (58.6) 0.70 11(61.1) 0.58
up for a meeting for caregivers
and healthcare providers (yes,%)
Whether opportunities for in- 156.0 (52.3) 5.4 (256) 150.6 (54.4) 0.02 8 (44.4) 0.19
center dialysis (respite dialysis)
for caregivers to take a break
(yes,%)
Whether opportunities were 155.1 (52.0) 8.9(42.2) 146.2 (52.8) 036 11(61.1) 0.13
set up for caregiver to talk
about their future dialysis treat-
ment and life with HHD patients
(yes,%)
Whether opportunities were set ~ 99.2 (33.3) 6.4 (30.3) 92.8 (33.5) 0.78 10 (55.6) 0.08
up for caregivers to discuss their
future dialysis treatment and life
with other HHD caregivers (yes,
%)
Whether they found the HHD 1553 (52.1) 12.0 (56.9) 1434 (51.8) 0.67 10 (55.6) 1.0
induction training difficult (yes,
%)
Is the support of your healthcare  260.5 (87.4) 15.5(73.5) 245.1 (88.5) 0.07 15(83.3) 0.20
providers after starting HHD suf-
ficient? (yes, %)
HHD” group (54.4%) answered significantly more posi-  Discussion

tively regarding the provision “Opportunities for in-
center dialysis (respite dialysis) for caregivers to take a
break” compared with the “reluctant to continue HHD”
group (25.6%; P<0.05). This difference disappeared
after propensity score matching. No other variables
showed significant differences between the groups.
Table 3 shows the disparities in caregiver’s knowl-
edge among HHD facilities. Caregivers were asked to
choose between their perception of whether they had
been briefed about HHD by their healthcare provider
before making the decision to have HHD and whether
they had been provided with each item of knowledge
about HHD. The “willing to continue HHD” group
(91.9%) was significantly more represented in the query
“Was HHD elucidated by your healthcare providers
before selecting HD?” compared with the “reluctant to
continue HHD” group (73.9%; P < 0.05) as well as in the
query “Understanding of dialysis mechanics?” (73.3%
versus 52.1%; P <0.05); this difference also disappeared
after propensity score matching. No additional varia-
bles showed significant differences between the groups.
Table 4 presents the results of the SF-8. Before and
after propensity score matching, both PCS and MCS
did not exhibit significant differences across groups.

This investigation showed that a caregiver’s motivation to
continue HHD may be influenced by the provision of res-
pite during in-center dialysis and comprehensive expla-
nations before initiating HHD, particularly for caregivers
of older patients. Propensity score matching revealed
that all findings were statistically nonsignificant, with
limited generalizability of these outcomes. Nonetheless,
these findings highlight the important role of healthcare
providers’ support especially for caregivers of elderly
patients. Additionally, this study highlighted that the
number of caregivers reluctant to continue assisting is
small but indicates the presence of caregivers who need
support. This emphasizes the necessity for appropriate
interventions for these caregivers. Given the pivotal role
of caregiver’s support in sustaining HHD, healthcare pro-
viders should offer tailored support to HHD caregivers.
Caregiver’s support is an important aspect of HHD
management. HHD caregivers frequently experience
the burden of both assisting with treatment and man-
aging emotional stress. Previous studies have identi-
fied several stressors in HHD caregivers, including
anxiety about adverse events, the pressure of treatment
assistance, social isolation, and altered patient—car-
egiver dynamics [7, 12]. Increased caregiver’s burden
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Table 3 Medical and nursing interventions for caregivers during the introduction stage of HHD and caregiver motivation
Overall (n=298) Reluctant to continue Before propensity score After propensity score
HHD care group matching matching
(n=18)

Willing to continue P-value Willing to continue P-value

HHD care group HHD care group

(n=280) (n=18)
Was HHD explained by your 270.1 (90.6) 156 (73.9) 2545 (91.9) 0.02 15(83.3) 0.19
healthcare providers before you
decided on HHD? (yes, %)
Knowledge: kidney and CKD 206.0 (69.1) 110 (52.1) 195.1 (704) 009 13(722) 030
(yes, %)
Knowledge: how dialysis works 214.0 (71.8) 11.0(52.1) 203.1 (73.3) 0.05 14 (77.8) 0.16
(yes, %)
Knowledge: self-management 203.0 (68.1) 109 (51.7) 192.2 (69.4) 0.10 13(72.2) 030
of HHD (yes, %)
Preparation: supplies (yes, %) 206.0 (69.1) 15.0(71.1) 191.1 (69.0) 0.85 14 (77.8) 0.50
Preparation: priming (yes, %) 179.0 (60.1) 11.3 (53.6) 167.8 (60.6) 0.53 11(61.1) 0.74
Start of HHD: assistance 236.0(79.2) 17.1(81.0) 219.0(79.1) 0.84 15(83.3) 1.0
with puncture (yes, %)
Start of HHD: connection of cir- 193.0 (64.8) 104 (49.3) 182.7 (66.0) 0.14 12 (66.7) 0.49
cuits (yes, %)
Start HHD: mechanical operation  209.0 (70.1) 12.0 (56.9) 197.1(71.2) 0.18 14 (77.8) 0.28
of initiation (yes, %)
During HHD: BP measurement 182.0 (61.1) 11.4 (54.0) 170.7 (61.6) 0.50 11(61.1) 1.0
(ves, %)
During HHD: Checking 173.0 (58.1) 9.4 (44.5) 163.7 (59.1) 0.20 12 (66.7) 031
the machine (yes, %)
During HHD: dealing with alarms  230.0 (77.2) 134 (63.5) 2166 (78.2) 0.14 15(83.3) 0.22
(ves, %)
During HHD: preparing meals 187.0 (62.8) 14.9 (70.6) 172.1 (62.1) 0.44 12 (66.7) 0.72
(yes, %)
During HHD: record (yes, %) 169.0 (56.7) 11.4 (54.0) 157.7 (56.9) 0.80 9 (50.0) 0.74
End of HHD: end mechanical 217.0(72.8) 15.0(71.1) 202.0(72.9) 0.87 14 (77.8) 0.70
operation (yes, %)
End of HHD: assistance with nee- 228.0 (76.5) 16.1 (76.3) 212.0 (76.5) 0.98 14 (77.8) 1.0
dle removal (yes, %)
End of HHD: clean up machines ~ 190.0 (63.8) 150 (71.1) 175.1 (63.2) 0.48 11(61.1) 048
(yes, %)
End of HHD: cleaning of machine 183.0 (61.4) 129 (61.1) 170.2 (614) 0.97 11(61.1) 1.0
(yes, %)
Other: check when requesting 155.0 (52.0) 10.0 (47.4) 145.1 (52.4) 0.65 10 (55.6) 0.51
goods (yes, %)
Other: disposal of refuse (yes, %) 212.0 (71.1) 16.0 (75.8) 196.1 (70.8) 0.63 13(72.2) 0.50
Other: attendance during routine  182.0 (61.1) 11.2 (53.1) 170.8 (61.7) 045 13(72.2) 048
maintenance (yes, %)
Other: reporting in case of prob-  176.0 (59.1) 11.9 (564) 164.2 (59.3) 0.79 12 (66.7) 0.73
lems (yes, %)
Other: dietary management 178.0 (59.7) 11.3(53.6) 166.8 (60.2) 0.55 12 (66.7) 0.73
(yes, %)
Other: management of medi- 103.0 (32.6) 5.2 (24.6) 97.8 (35.3) 033 6(33.3) 0.72

cines (yes, %)

CKD, chronic kidney disease; BP, blood pressure

is also linked to HHD discontinuation [13]. Moreover,
the patient—caregiver relationship is vital for continu-
ous HHD [14], with a stronger relationship fostering a
positive attitude toward HHD [12, 15]. Even in regions

where an assistant is not required for HHD, the pres-
ence of a relative or helper is common, underscor-
ing the need for strategies to alleviate caregiver’s
burden [12]. Thus, healthcare providers recognizing
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Table 4 Results of quality of life of caregiver measured by SF-8
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Overall (n=298) Reluctant to continue HHD

Before propensity score matching

After propensity score matching

care group (n=18)

Willing to continue HHD P-value Willing to continue HHD  P-value
care group (n=280) care group (n=18)
PCS 482+73 483+79 489+04 0.87 482+6.8 0.99
MCS 48.1£64 470£79 48.1+04 0.77 49.2+4.7 0.36

PCS, Physical Component Summary; MCS, Mental Component Summary

and addressing caregiver’s burden is critical for the
continuation of HHD.

This study suggests that a patient’s age is associated
with a caregiver’s desire to continue providing care.
Older patients on HHD are more prone to HHD with-
drawal due to technical challenges and comorbidities,
such as heart disease, which impede their ability to
maintain HHD [16]. Furthermore, dialysis complica-
tions, such as repeated punctures and hypotension, add
to a caregiver’s mental stress [7]. Conversely, younger
patients with fewer comorbidities may undergo HHD
more independently, thus lessening caregiver stress.
Therefore, healthcare providers must consider both the
patient’s age and the caregiver’s burden particularly for
older patients necessitating extensive support.

The study also explored the influence of caregiver’s
gender, a key demographic factor, on the intent to con-
tinue HHD. In Japan, caregivers are often female and
typically the patient’s spouse [15]. Although the num-
ber of women working in Japan is increasing, the pro-
portion of household chores shared by women still
exceeds 80% [17]. If a female caregiver not only does
housework but also provides HHD assistance, the bur-
den on the caregiver is expected to increase. Future
considerations of the burden of HHD caregivers should
include cultural factors such as gender roles.

Respite dialysis, a facility for caregivers to take a
break from assisting, was found to be an important
factor in motivating caregivers to continue HHD care,
especially in older patients. To prevent caregiver’s
burnout, which contributes to HHD withdrawal, sup-
port from healthcare providers, as well as social sup-
port networks, are vital [7, 13]. Respite dialysis can
decrease caregiver’s burden from treatment continuity
concerns and complication management [7]. Addition-
ally, negative attitudes toward HHD are associated with
prolonged hospital stays and the need for additional
respite dialysis [13]. While this study corroborates these
findings, the lack of comprehensive support systems,
such as peer support and caregiver—provider meetings,
emphasizes the need for multifaceted caregiver’s sup-
port strategies [15]. Effective caregiver’s support must
include counseling to alleviate mental stress, maintain

patient—caregiver relationships, and reduce social isola-
tion [12, 14].

This study revealed an association between an adequate
explanation of HHD to caregivers of elderly patients with
their willingness to continue care. Previous studies have
highlighted the inadequacy of HHD information and
decision-making support for caregivers [12]. In the USA,
a presidential order in 2019 promoted HHD, but barri-
ers, such as nephrologists’ limited experience, hinder a
patient’s choice for HHD [18]. Healthcare providers’ atti-
tudes also significantly influence HHD selection [10, 19],
underscoring the importance of comprehensive dialysis
education. Thus, providing detailed information on renal
replacement therapies is essential for patient and car-
egiver support.

This study has some limitations. The study only
included caregivers who responded to the survey and
were involved in medical care, potentially introducing
selection bias. Nonrespondents may have had a lower
motivation for continuing HHD, which was not fully
represented in the results. Additionally, the number of
caregivers who had low motivation to continue HHD
was small (18), with some missing values, leading to low
statistical power. Precision analysis and addressing miss-
ing values and bias in larger samples would be necessary.
Future research should include a wider range of medical
professionals, noncooperative patients, and caregivers.

Additionally, because the questionnaire was distributed
after confirming the number of caregivers at each facil-
ity, there may be multiple caregivers for one patient. This
could not be omitted in this investigation. However, only
a few caregivers matched the patient’s attributes, so in
most cases there was only one caregiver for each patient.
Since we did not confirm the occupations of the caregiv-
ers, it is possible that some caregivers could include med-
ical professionals.

Conclusion

This study highlights the existence of a small number of
cases that require comprehensive caregiver support in
HHD. Effective and continuous caregiver support pro-
grams, respite dialysis, and adequate information pro-
vision may affect HHD sustainability. Future strategies
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should aim for more inclusive and effective caregiver
assistance to improve HHD continuity.
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