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Abstract

The annual survey of the Japanese Society for Dialysis Therapy Renal Data Registry (JRDR) was sent to 4458 dialysis
facilities at the end of 2018; among these facilities, 4402 facilities (98.7%) responded to the facility questionnaire,
and 4222 (94.7%) responded to the patient questionnaire. The number of chronic dialysis patients in Japan
continues to increase every year; as of the end of 2018, it had reached 339,841 patients, representing 2688 patients
per million population. Among the prevalent dialysis patients, the mean age was 68.75 years, and diabetic
nephropathy was the most common primary disease among the prevalent dialysis patients (39.0%), followed by
chronic glomerulonephritis (26.8%) and nephrosclerosis (10.8%). The number of incident dialysis patients was 40,
468, and a reduction by 491 from 2017. The mean age of the incident dialysis patients was 69.99 years old. Diabetic
nephropathy was also the most common primary disease (42.3%), representing a 0.2 percent point reduction from
2017. The distribution of diabetic nephropathy appears to have reached a plateau. The number of deceased
patients during 2018 was 33,863, and the crude annual death rate was 10.0%. Heart failure was the most common
cause of death (23.5%), followed by infection (21.3%) and malignant tumor (8.4%); these causes were similar to
(Continued on next page)
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those for 2017. The number of patients receiving hemodiafiltration has been increasing since 2012, reaching 125,
793 or 37.0% of all dialysis patients at the end of 2018. The number of patients receiving peritoneal dialysis has
been gradually increasing since 2017, reaching 9445, and 19.7% of these patients were treated using a combination
of peritoneal dialysis and hemodialysis or hemodiafiltration. The proportion of patients receiving combination
therapy has remained at around 20% of all peritoneal dialysis patients. The number of patients undergoing home
hemodialysis was 720, representing an increase of 36 patients from 2017. The 2018 JRDR survey included several
topics such as the present status of the patient kinetics of chronic dialysis patients at the end of 2018, water
treatment and hemodiafiltration, peritoneal dialysis, treatments for diabetes, mental and physical conditions, and
the present status of viral hepatitis. In this paper, we describe the patient and facility kinetics.

Trial registration: The JRDR was approved by the ethics committee of the JSDT (approval number 1-3) and was
registered in the “University hospital Medical Information Network (UMIN) Clinical Trials Registry” under the clinical
trial ID of UMINO00018641 on August 8, 2015: (Accessed June 2, 2020)

Keywords: Dialysis modality, Hemodialysis, Peritoneal dialysis, Incidence, Prevalence, Mortality

Introduction

Since 1968, the Japanese Society for Dialysis Therapy
(JSDT) has conducted a survey of the status of chronic
dialysis treatment in Japan at the end of every year. This
survey, known as the JSDT Renal Data Registry (JRDR),
covers nearly all dialysis facilities throughout the country
[1, 2]. Although these facilities participate voluntarily, the
response rate is nearly 100%, which means that this survey
represents the status of regular dialysis in Japan. The 2018
JRDR survey contained many topics such as the kinetics of
chronic dialysis patients and dialysis facilities at the end of
2018, water treatment and hemodiafiltration, peritoneal
dialysis, treatments for diabetes, mental and physical con-
ditions, and the present status of viral hepatitis. In this art-
icle, we describe the method used to conduct this survey
and the results of the patient and facility kinetics.

Methods

Sending and recovering the questionnaires

The JRDR annual surveys consist of two types of ques-
tionnaires: a facility-survey questionnaire and a patient-
survey questionnaire. The facility-survey questionnaire
includes the number of dialysis consoles, number of staff
members, number of patients, and related information.
The patient-survey questionnaire includes data such as
dialysis prescriptions, laboratory data, and outcome fac-
tors for each patient at the dialysis facilities. For the
2018 survey, USB memory devices were mailed to dialy-
sis facilities throughout Japan in December 2018. The
devices contained the facility surveys and 2017 anon-
ymized patient surveys in an Excel format. The dialysis
facilities decoded the patient names using the decoding
key in the USB memory device that was sent to them
and then updated the patient data related to patient out-
comes, including survival vs. death and transfer to an-
other facility, as well as other data. They also registered
incident patients into the system. Once all the patient

records had been entered and the update tasks had been
completed, they once again anonymized the data. After all
the dialysis facilities had completely anonymized the pa-
tient data, only the USB memory device containing the
questionnaires was returned to the administrative office of
the JSDT. The initial deadline for the data was January 31,
2019, but facilities that had not returned data as of that
date were encouraged to do so. To accommodate these fa-
cilities, a final deadline of June 18, 2019, was set, and the
data collection for the end of 2018 was closed at this time.

Survey items
The following items were surveyed in 2018:

1. Facility survey

a) Overview and scope of facilities

i. Facility code, name of facility, and the date (month
and year) that dialysis was begun at the facility

ii. Dialysis capabilities: simultaneous dialysis treatment
capacity, and maximum dialysis treatment capacity

iii. Number of dialysis consoles, number of consoles
with endotoxin retentive filters (ETRF)

b) Patient dynamics

i. Number of prevalent dialysis patients at the end
of 2018 (number of patients according to
treatment modality, outpatient/inpatient)

ii. Number of dialysis patients undergoing
nightshift dialysis in 2018

iii. Number of incident dialysis patients beginning
hemodialysis (HD) or hemodiafiltration (HDF)
and the number beginning peritoneal dialysis
(PD) in 2018
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iv. Number of deceased patients in 2018
¢) Dialysis fluid quality control

a. Frequency at which dialysis fluid endotoxin (ET)
concentrations were measured and ET
concentration

b. Frequency at which the dialysis fluid total viable
microbial count (TVC) was measured and the
TVC

c. Source of dialysis water

d. Frequency of residual chlorine measurement

before daily dialysis session and measurement
technique

ii. Awareness of JSDT standard for dialysis fluid
(chemical contamination standard) and frequency
of measurement

2. Patient survey

a.

i

Patient basic information

Sex, date of birth, year and month of start of
dialysis, primary disease, residence (prefecture),

Table 1 Summary of chronic dialysis therapy in Japan, 2018*

b)

c)

Page 3 of 18

year and month of transfer from another
hospital, facility code before and after transfer,
outcome category, outcome date (transfer,
death, dropout, or transplantation), cause of
death, change or revision of name or date of
birth, dialysis modality, status of combined
therapies involving PD with HD or HDF (etc.),
PD experience, and number of kidney
transplants

HD/HDF therapy conditions

1L

il.

iii.

Frequency of dialysis session per week, dialysis
time per session, and blood flow rate

HDE: dilution methods, substitution fluid
volume per session

Body height, body weight before and after
dialysis, systolic blood pressure before dialysis,
diastolic blood pressure before dialysis, and
pulse rate before dialysis

Laboratory findings

L.

Serum urea nitrogen (UN) before and after
dialysis, serum creatinine concentration before

Number of surveyed facilities

4458 facilities

(increase of 45 facilities,1.0% increase)

Number of responded facilities
Capacity Number of bedside consoles

Capacity for simultaneous HD treatments
Maximum capacity

Prevalent dialysis patients

Hemodialysis (HD)
Hemodiafiltration (HDF)

Hemodialysis

Hemofiltration (HF)
Blood adsorption dialysis
Home hemodialysis

PD only

PD + HD 1/week

PD + HD 2/week

PD + HD 3/week

Peritoneal dialysis

PD + HD other frequencies
Subtotal
Total
Per million of general population
Patients count in the night shift
Incident dialysis patients
Incident hemodialysis patients (including HDF)
Incident peritoneal dialysis patients

Deceased patients

4402 facilities
139,887 units
138,155 treatments
458,597 patients
339,841 patients

(increase of 42 facilities,1.0% increase)
(increase of 2639 units,1.9% increase)
(increase of 2519 patients,1.9% increase)
(increase of 7759 patients, 1.7% increase)

(increase of 5336 patients, 1.6% increase)

Outpatients Inpatients Total

177,718 (57.6) 24,704 (794) 202,422 (59.6)
119,959 (38.9) 5834 (18.8) 125,793 (37.0)
1 (0.0) 3 0.0 14 (0.0)
1401 05) 46 ©.1) 1,447 (04)
703 02) 17 ©.1) 720 0.2)
7140 (23) 442 (14) 7,582 (2.2)
1583 0.5 38 0.1 1,621 (0.5
136 (0.0 6 0.0) 142 (0.0)
26 0.0) 4 (0.0) 30 (0.0)
68 (0.0) 2 0.0 70 (0.0)
8953 9 492 (1.6) 9,445 (2.8)
308,745 (100.0) 31,096 (100.0) 339,841 (100.0)

2687.7 patients
31544 patients
40,468 patients
38,175 patients
2293 patients
33,863 patients

(increase of 47.7 patients)

(decrease of 491 patients,1.2% decrease)

(increase of 1331 patients, 4.0% increase)

PD + HD patients patients treated by the combination of PD and HD, HDF hemoadsorption, or hemofiltration (excluding those who underwent only

peritoneal lavage)
*The above data were obtained from the facility survey.
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and after dialysis, serum albumin concentration
before dialysis, C-reactive protein (CRP) con-
centration before dialysis, serum calcium con-
centration before dialysis, serum phosphorus
concentration before dialysis, serum parathyroid
hormone (PTH) assay method, PTH level (intact
or whole PTH), hemoglobin concentration be-
fore dialysis, serum total cholesterol concentra-
tion (total cholesterol), serum high-density-
lipoprotein-cholesterol concentration (HDL-C),
aspartate aminotransferase (AST), hepatitis B
surface antigen, hepatitis C antibody, hepatitis C
virus-ribonucleic acid (RNA), casual plasma glu-
cose, glycated albumin, and hemoglobin Alc

d) Other outcome-related factors
i. Antihypertensive drug use, smoking status,
history of diabetes, history of ischemic heart

disease, history of cerebral hemorrhage, history
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of cerebral infarction, history of limb
amputation, history of proximal femur fracture,
history of encapsulating peritoneal sclerosis
(EPS), history of carpal tunnel syndrome
operation, insulin use, dipeptidyl peptidase-4
(DPP-4) inhibitor use, glucagon-like peptide-1
(GLP-1) analog use, other anti-diabetes agent
use, dementia, activity of daily life, exercise

habits

e) Peritoneal dialysis (PD) survey
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Fig. 1 Trends in the prevalent dialysis patient count for 1968-2018, and the adjusted prevalent dialysis patient count (pmp) for 1983-2018. *The
low response rate in 1989 caused a dip in the patient count
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ii.

ii.

iv.

Therapeutic history: dialysis vintage of current
PD and number of months in which PD was
performed in 2018

Peritoneal function: implementation of
peritoneal equilibration test (PET) and 4-h cre-
atinine concentration dialysate/plasma ratio in
PET (PET Cr D/P ratio)

Dialysis prescription: type of PD fluid, volume
of PD fluid per day, PD treatment time per
day, daily urine volume, mean fluid removal
volume per day, Kt/V by residual kidney
function (residual kidney Kt/V), and Kt/V by
PD (PD Kt/V)

PD method: use of automated peritoneal dialysis
(APD) machine and changing maneuver of PD
fluid
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v. PD-related infections: frequency of peritonitis
during 2018 and number of exit-site infections

during 2018

Ethical basis for the JRDR survey

The 2018 JRDR survey was conducted based on the “Eth-
ical Guidelines for Medical and Health Research Involving
Human Subjects,” which was issued in December 2014 by
the Ministry of Health, Labour ,and Welfare (MHLW)
and the Ministry of Education, Culture, Sports, Science,
and Technology (MEXT) and was revised in Feb 2017 [3].
The 2018 JRDR survey protocol was also approved by the
ethics committee of the JSDT (approval number 1-3) on
January 28, 2019, and publicly released on the UMIN
Clinical Trials Registry (UMIN000018641), and the results
were fully released on the JSDT homepage [4].
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Results

Basic demographics

Facility dynamics

The 2018 JRDR survey targeted 4458 facilities through-
out Japan, and 4402 facilities (98.7%) responded to the
facility-survey questionnaire. Although the number of fa-
cilities that returned facility-survey questionnaires fell
temporarily in 2015, the number has increased again
since 2016, and the number in 2018 increased by 42 fa-
cilities (1.0%) compared with 2017 (Table 1). The
patient-survey questionnaire was returned from 4222 fa-
cilities (94.7%). Since 2015, the response rate for the
patient-survey questionnaire has fallen from about 96 to
about 95% because of the discontinuation of paper-
based surveys in association with improved anonymiza-
tion methods. The detail of response rate for each ques-
tion is shown in Appendix.

The facility survey shows that there were 139,887 dia-
lysis consoles, a simultaneous dialysis capacity of 138,
155 patients, and a maximum dialysis treatment capacity
of 458,597 patients, representing increases in 1.9%, 1.9%,
and 1.7% over the previous year, respectively (Table 1).
The number of dialysis consoles is also increasing annu-
ally (Supplementary Table 1).

Patient dynamics
According to the facility-survey questionnaire, the total
number of patients undergoing chronic dialysis

treatment at the end of 2018 was 339,841. This number
indicates the prevalence of chronic kidney disease (CKD)
patients undergoing regular dialysis treatment. Although
the number of patients undergoing dialysis is increasing
annually, the rate of increase has slowed in recent years.
In 2018, there was an increase of 5336 patients, com-
pared with the previous year (Fig. 1, Supplementary
Table 1). A prediction of the number of dialysis patients
conducted by Nakai et al. [5] in 2012 indicated that the
number was expected to decline after reaching a peak of
approximately 349,000 in 2021. In 2018, the total num-
ber of patients (N = 339,841) was below the expected
peak number. The number of dialysis patients per mil-
lion population (pmp) indicates the prevalence rate (Fig.
1, Supplementary Table 1). The prevalence rate has been
increasing in recent years. In 2018, the rate was 2687.7
pmp, which means that one in 372.1 Japanese people is
a dialysis patient. The prevalence rate of dialysis patients
in Japan is the second highest in the world behind
Taiwan, according to the 2018 United States Renal Data
System (USRDS) Annual Data Report [6].

The number of new dialysis patients indicates the inci-
dence of CKD patients undergoing dialysis treatment.
Although this number had been increasing annually
until 2008, the number in 2009 decreased compared
with that for 2008. Since 2009, this number has fluctu-
ated every year but has tended to increase overall. The
incidence in 2018 was 40,468, representing a reduction

age
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Fig. 4 Trend in the average age of the prevalent dialysis patients for 1983-2018
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by 491 (- 1.2%) compared with 2017 (Fig. 2, Supplemen-
tary Table 2). Of these patients, 94.3% received HD(F)
and 5.7% received PD (Table 1). The number of de-
ceased patients has been increasing annually. Al-
though the death rate almost plateaued between 2012
and 2014, the figure has once again been increasing
since 2015, with 33,863 deceased patients in 2018;
this number represents an increase of 1331 patients
(+ 4.1%) compared with 2017 (Fig. 2, Supplementary
Table 2). In general, the number of patients for any
given year is calculated by adding the number of inci-
dent patients to the number of patients from the pre-
vious year and then subtracting the number of
deceased patients. However, the number of patients
thus calculated is not consistent with the actual num-
ber of patients. This may be because the calculated
number does not include the number of patients who
discontinue dialysis because of kidney transplantation,
and there is a possibility that the number of new pa-
tients was overestimated and the number of deceased
patients was underestimated.

The numbers of dialysis patients according to prefec-
ture are shown in Table 2. The numbers in Table 2 were

Page 9 of 18

calculated based on the location of the facility where the
patients undergo treatment and not the place of resi-
dence. The prevalence rate (number of dialysis patients
per million population) differs considerably among pre-
fectures. Since numerous confounding factors are in-
volved in this difference, great caution is needed when
comparing prefectures.

Dialysis modality dynamics

Hemodialysis (HD) accounted for 59.6% of all dialysis
modalities during 2018, followed by hemodiafiltration
(HDF) at 37.0%, hemofiltration (HF) at 0.004%,
hemadsorption dialysis (HAD) at 0.4%, home
hemodialysis (HHD) at 0.2%, and peritoneal dialysis
(PD) at 2.8% (Table 1). The use of on-line HDF in-
creased rapidly after a 2012 revision to the medical
reimbursement system, and the number of HDF pa-
tients increased to 125,793 in 2018. The number of
patients undergoing PD was 9445, which also repre-
sents an increase compared with the previous year
(9090). Of these patients, 19.7% were treated with a
combination of PD and HD(F). The number of HHD
patients was 720, representing a slight increase. The
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Fig. 5 Prevalent dialysis patient count by age for 1982-2018
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total percentage of patients undergoing home dialysis,
which is calculated by adding the number undergoing
PD and HHD, was 3.0%. This figure is the lowest for
this type of dialysis in the developed world [6]. Al-
though there were regional differences in the dialysis
modality data for each prefecture, the differences
were affected by various regional factors (Table 2).

The number of patients undergoing nighttime dialysis
at the end of 2018 was 31,544 (Table 1). Although this
number had remained between 41,000 and 42,000 until
the 2014 survey, the number decreased sharply to 33,370
in 2015. This change is likely to have been affected by
the addition of the phrase “Dialysis during the time
period recognized by the insurance system (start at 5 PM
or later or finish after 9 PM or later)” to the definition of
nighttime dialysis patients in the 2015 survey. The num-
ber of nighttime dialysis patients has decreased slightly
since 2015, and the number in 2018 decreased by 372
patients, compared with the number in 2017.
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Prevalent dialysis patient dynamics at the end of 2018
Clinical background
In the patient survey, data on age and sex were available
for 327,336 patients. Among these patients, 214,078
were male, 113,258 were female, and the mean age was
68.75 years (Fig. 3, Supplementary Table 3). The mean
age has been increasing annually (Fig. 4, Supplementary
Table 4), and the age group of 70 to 74 years had the
highest percentage of both males and females among the
age groups. The number of patients under the age of 65
has decreased since 2012, while the number of patients
under the age of 70years has decreased since 2017.
Expressed another way, these findings suggest that the
increase in the number of prevalent dialysis patients in
Japan has been caused by an increase in the number of
patients aged 70 years and older (Fig. 5, Supplementary
Table 5).

The mean dialysis period for chronic dialysis patients
as of the end of 2018 was 6.82 years for males and 8.32
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years for females (7.34 years overall). A comparison of
dialysis period according to duration showed that 47.5%
had a dialysis period of under 5 years, 8.4% had a period
of 20 years or more, 2.2% had a period of 30years or
more, and 0.3% had a period of 40 years or more (Fig. 6,
Supplementary Table 6). The longest duration was 50
years and 4 months. The number of patients with longer
durations is increasing, with 27.7% of patients having re-
ceived dialysis for 10 or more years. The percentage of
patients with a dialysis period of 20 years or more, which
was less than 1% at the end of 1992, reached 8.4% as of
the end of 2018 (Fig. 7, Supplementary Table 7).

The most common primary disease among chronic
dialysis patients at the end of 2018 was diabetic ne-
phropathy at 39.0%, followed by chronic glomeruloneph-
ritis at 26.8% and nephrosclerosis at 10.8% (Fig. 8,
Supplementary Table 8). Diabetic nephropathy replaced
chronic glomerulonephritis as the most common pri-
mary disease in 2011. Although the percentage of dia-
betic nephropathy patients has increased continuously,
the percentage has recently shown signs of reaching a
plateau. The percentage of chronic glomerulonephritis
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nephrosclerosis and “undetermined” patients have con-
tinuously increased (Fig. 9, Supplementary Table 9).
However, caution is required when interpreting these re-
sults, because the primary disease code was revised as of
the 2017 survey.

Causes of death
Although 33,863 deaths were reported in the 2018
facility-survey questionnaire, the number of patients
whose cause of death was recorded in the patient-survey
questionnaire according to sex was 31,117. The causes
of death, in descending order, were heart failure, infec-
tious disease, malignancy, and cerebrovascular disease
(23.5%, 21.3%, 8.4%, and 6.0%, respectively). The “Other”
category accounted for 10.6% overall. The percentage of
patients in the “cardiovascular death” category, which in-
cludes heart failure, cerebrovascular disease, and myo-
cardial infarction, was 33.1% (Fig. 10, Supplementary
Table 10).

Heart failure has been the most common cause of
death from 1983 onward, accounting for approximately
25% of all deaths from 1995 onward. Death caused by

patients has steadily declined, while the percentages of infectious disease, on the other hand, has been
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increasing since 1993. Cerebrovascular disease has
been gradually decreasing since 1994. Deaths from
myocardial infarction have been gradually decreasing
since reaching a peak of 8.4% in 1997. Malignancy-related
deaths were at their lowest in 1987 at 5.8%, and although
they have increased slightly since then, they have
remained at approximately 9.0% since 2004. The percent-
age of cardiovascular deaths mentioned above has consist-
ently decreased since reaching a maximum of 54.8% in
1988, accounting for 33.1% of deaths in 2018 (Fig. 11, Sup-
plementary Table 11). Caution is required when viewing
these statistics, however, as the cause of death codes were
revised three times at the end of 2003, 2010, and 2017 [7].

Crude death rate

The annual crude death rate was calculated using the
patient dynamics reported in the facility survey as
follows:

Crude death rate = {no.of deaths/(no.of patients, previous year

+no.of patients, target year) <2} x 100 (%)

The lowest crude death rate was 7.9% observed in
1989 (a year in which the questionnaire recovery rate
was low). Generally, however, the rate has fluctuated be-
tween 9% and 10%. At the end of 2018, it was 10.0%
(Fig. 12, Supplementary Table 12).
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Incident dialysis patient dynamics in 2018
Clinical background
Of the 38,147 incident patients whose age and sex data
were recorded in the patient survey, 26,397 were male
and 11,750 were female (Fig. 13, Supplementary Table
13). The mean age of the incident patients was 69.99
years (males 69.27 years, females 71.61 years). The mean
age has been increasing annually (Fig. 14, Supplementary
Table 14). The incident patient age data for 5-year age
groups showed that the higher age groups accounted for
the largest percentages of patients, with the highest per-
centage of males observed in the 75-79-year age group
and the highest percentage of females observed in the
80—84-year age group among all the age groups that
were examined.

The most common primary disease among the inci-
dent patients in 2018 was diabetic nephropathy at

42.3%, followed by chronic glomerulonephritis at
15.6%, nephrosclerosis at 15.6%, and “undetermined”
at 13.5% (Fig. 15, Supplementary Table 15). In 1998,
diabetic nephropathy supplanted chronic glomerulo-
nephritis as the most common primary disease among
incident patients; the distribution of diabetic nephrop-
athy has increased consistently ever since, but it has
remained nearly the same for the past few years. In
contrast, the percentages of patients with nephro-
sclerosis and “undetermined” have increased annually
(Fig. 16, Supplementary Table 16).

Causes of death

In 2018, the most common cause of death among inci-
dent patients was infectious disease at 24.0%, followed
by heart failure at 23.5%, malignancy at 10.9%, cachexia/
uremia/senility at 5.1%, cerebrovascular disease at 4.7%,
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pulmonary disease at 3.5%, and myocardial infarction at
2.7%. The total percentage of cardiovascular deaths was
30.9% (Fig. 17, Supplementary Table 17). The changes in
causes of death within the dialysis incident year show
that in the 1990s, heart failure was the most common,
while infectious disease has gradually increased until it
surpassed heart failure in 2006, at which time infectious
disease became the most common cause of death among
incident patients. Deaths due to malignancy have been
increasing, and the percentage surpassed 10% in 2006.

Deaths due to cerebrovascular disease have been grad-
ually decreasing (Fig. 18, Supplementary Table 18).

Conclusion

An overview of the results of the 2018 JRDR indicated
that the number of chronic dialysis patients and the
number of dialysis facilities in Japan were still increasing.
However, the rates of increase have been gradually slow-
ing. No changes were observed in the primary diseases
of the incident patients and the number of patients at
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the end of the year, with diabetes being the number one
primary disease. However, the percentage of incident pa-
tients with diabetes has been at a plateau for several
years. HDF treatment has increased rapidly since 2012
because of a revision to the medical reimbursement sys-
tem, now accounting for 37.0% of all dialysis patients.
Although the number of PD patients and home
hemodialysis patients increased slightly over the num-
bers in 2016, the rate of home dialysis for both remains
the lowest in the world at 3.0%.
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Abstract

and glycemic indices and treatment of diabetic patients.

The annual survey questionnaires of the Japanese Society for Dialysis Therapy Renal Data Registry (JRDR) were sent
to 4458 dialysis facilities at the end of 2018; 4402 facilities (98.7%) responded to the facility questionnaire, and 4222
facilities (94.7%) responded to the patient questionnaire. This paper reports the results obtained in regard to several
issues: dialysis fluid quality, prescription of hemodialysis and hemodiafiltration, current status of peritoneal dialysis,

Keywords: Dialysis fluid, Diabetes, Dialysis modality, Glycemic control, Hemodialysis, Peritoneal dialysis

Introduction

The 2018 Japanese Society for Dialysis Therapy (JSDT)
surveys inquired about the management of dialysis fluid
quality, prescription of hemodialysis (HD) and hemodia-
filtration (HDF), peritoneal dialysis (PD), and diabetic
patients on dialysis.

The chapter on the management of dialysis fluid quality
reports the results of the investigation of the frequency of
measurements of endotoxin (ET) level and total viable
microbial count (TVC) in dialysis fluid on a facility basis.
The rates of achievement of ultrapure dialysis fluid (UPD)
and standard dialysis fluid were then calculated. The data
for sources of dialysis water, i.e., tap water, groundwater,
or both, and the frequency of measurement of residual

* Correspondence: abe.masanori@nihon-u.acjp
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B BMC

chlorine and chemical contaminations of dialysis fluid are
also reported.

The chapter on the prescription of HD and HDF and
the current status of HDF in Japan reports the results of
an analysis of the data obtained in the 2018 survey. The
HDF modes include online HDF, offline HDF, push/pull
HDF, acetate-free biofiltration (AFBF), and intermittent
infusion hemodiafiltration (IHDF). The patient character-
istics of the HD group and HDF group were compared,
and dialysis treatment time per session and blood flow
rate in the HD group and HDF group are compared.

The chapter on peritoneal dialysis (PD) reports the
numbers of new and existing cases on PD, types of dialy-
sis fluids, and incidence rates of peritonitis.

The chapter on diabetic patients on dialysis reports
the results of the survey of the current status of diabetes
patients on HD and PD. The indicators of glycemic con-
trol, i.e., glycated hemoglobin (HbAlc), glycated albumin
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(GA), or both, and their levels are reported. The 2018
survey also included casual plasma glucose levels.
Finally, the results of the survey in regard to the types of
antidiabetic agents, including insulin, dipeptidyl peptidase-4
(DPP-4) inhibitors, glucagon-like peptide-1 (GLP-1) recep-
tor agonists, and others, are reported.

Management of dialysis fluid quality

Background and subjects

The 2006 JSDT survey was the first to investigate
bacteriological dialysis fluid quality and its manage-
ment status. Based on the results obtained, the bacterio-
logical standard for dialysis fluid was revised in 2008 [1],
and a chemical contamination standard was added in
2016 [2].

Compliance with these standards is assessed based on
the bacteriological standard for dialysis fluid evaluated by
measuring the endotoxin (ET) level and the total viable
microbial count (TVC). Both are measured at least once a
month. At least one dialysis console at each facility is
tested every month, and all consoles are tested at least
once a year. The minimum standard required for use in
dialysis treatment is designated as “standard dialysis fluid,”
meaning that the ET level is under 0.05 EU/mL and TVC
under 100 cfu/mL. Ultrapure dialysis fluid (UPD) is
defined as dialysis fluid having an ET level under 0.001
EU/mL and TVC under 0.1 cfu/mL. The JSDT standard
recommends the use of UPD for all dialysis treatments.
Chemical contamination of dialysis fluid was inquired
about for the first time in the 2017 survey.

The dialysis fluid standard management status data
reported in this chapter were calculated from the data
obtained from facilities having at least one dialysis
console, and a total of 4388 facilities were included in
the 2018 survey.
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Dialysis fluid ET testing

The Limulus test is used to perform the dialysis fluid ET
level test that is part of the JSDT standard [1, 2]. Since
several ET measurement machines are relatively inex-
pensive and available over-the-counter in Japan, they are
widely used by most dialysis facilities. However, it is
quite rare in the rest of the world.

Of the 4458 facilities surveyed, 4371 responded to the
question concerning the frequency of ET testing, and
3784, which was 86.6% of the total number that responded
to this question, complied with the stipulated frequency of
“at least once a month” (Fig. 1la, Supplementary Table 1).
The annual changes in measurement frequency showed
that 33.1% of the facilities performed the dialysis fluid ET
test in 2008, the year the standard was implemented, but
that the proportion had increased dramatically to 70.6%
by 2010, the year in which the dialysis fluid standard add-
itional fee was established, and it has steadily increased
since then (Fig. 2a, Supplemental Table 2).

Responses regarding dialysis fluid ET levels were received
from 4320 facilities, 3645 (84.4%) of which indicated that
they met the UPD standard of under 0.001 EU/mL, and
4199 (97.2%) of them indicated that they met the standard
for standard dialysis fluid of 0.05 EU/mL (Fig. 1b, Supple-
mentary Table 1). The annual changes in dialysis fluid ET
levels showed that both less than 0.001 EU/mL and 0.05
EU/mL standards are increasing annually (Fig. 2b, Supple-
mentary Table 2). The absence of dialysis fluid ET concen-
tration values in 2008 is attributable to the switch in
dialysis fluid ET concentration units from EU/L to EU/mL
based on international rules in the survey that year, and
the switch resulted in many incorrect entries.

Dialysis fluid TVC testing
A total of 4361 facilities responded to the question
regarding the frequency with which dialysis fluid TVC is

(a) ET measurement frequency
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[] once a year

[] None

ET : Endotoxin

74.5%
(3,257)
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Fig. 1 Distribution of facilities according to ET measurement frequency and ET concentrations in 2018. a ET measurement frequency. b ET
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measured, and 3718 of them, representing 85.3% of all
facilities, reported testing at least once a month (Fig. 3a,
Supplementary Table 3). The frequency of TVC meas-
urement has been increasing annually, and although it
increased markedly in 2010, the same as ET testing did,
in all other years, the frequency of TVC measurement
has been slightly lower than the frequency of ET testing
(Fig. 4a, Supplementary Table 4).

Of the 4248 facilities that responded to the question
regarding dialysis fluid TVC, 3361 facilities (79.1%
overall) reported meeting the UPD standard of 0.1
cfu/mL, and 4214 facilities (99.2%) reported meeting
the standard dialysis fluid standard of 100 cfu/mL
(Fig. 3b, Supplementary Table 3). The percentage of
facilities meeting the UPD standard and percentage
meeting the standard dialysis fluid have been increas-
ing annually (Fig. 4b, Supplementary Table 4).

Achievement quotient of UPD and standard dialysis fluid

Because the JSDT standard stipulates the bacteriological
standard for dialysis fluid (both UPD and standard dialysis
fluid), the numerical criteria for both dialysis fluid ET

concentration and TVC must be met simultaneously [1,
2]. Of the 4244 facilities that responded to the questions
about both dialysis fluid ET level and TVC, 3168 facilities
(74.6% of those that responded) reported meeting the
UPD standard (dialysis fluid ET level under 0.001 EU/mL
and live bacteria count under 0.1 cfu/mL), and 4118 facil-
ities (97.0% of those that responded) reported meeting the
standard for standard dialysis fluid (dialysis fluid ET level
under 0.05 EU/mL and TVC under 100 cfu/mL; Fig. 5,
Supplementary Table 5). The achievement quotients for
both UPD and standard dialysis fluid have been increasing
over time, which suggests that the dialysis fluid purity level
is increasing in Japan (Fig. 6, Supplementary Table 6).

Source of dialysis water and chemical contamination
preventative measures

A total of 4373 facilities responded to the question in
the 2018 survey regarding the source of dialysis water.
The most common source was tap water, which was
reported by 3700 facilities (84.6%), and it was followed
by groundwater (391 facilities, 8.9%), and then by a com-
bination of tap water and groundwater (273 facilities,

(a) TVC measurement frequency
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6.2%; Fig. 7 Supplementary Table 7). None of these per-
centages was significantly different from the percentages
reported in the 2017 survey: tap water, 85.2%; ground-
water, 8.8%; a combination, 5.8% [3].

A total of 4330 facilities responded to the question
regarding the frequency of residual chlorine testing
before hemodialysis treatment. “Every day” was the
most common response (2587 facilities, 59.7%) and
was followed by “once a week” (913 facilities, 21.1%)
and then “once a month” (215 facilities, 5.0%; Fig. 8a,
Supplementary Table 8). A total of 410 facilities (9.5%)

reported that they do not measure residual chlorine.
Measurement of residual chlorine has become more
common than in the 2017 survey, in which the corre-
sponding data were 55.7%, 21.7%, 5.3%, and 12.0%, re-
spectively. Routine measurement of residual chlorine
should be promoted.

A total of 4087 facilities responded to the question
regarding their residual chlorine measurement method,
with most (1652, 40.4%) reporting that their method
measured “free chlorine only,” and they were followed
by 1494 facilities (36.6%) that reported using a method

Facilities
@
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o
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ET concentration in dialysis fluid (EU/mL)

Fig. 5 Distribution of facilities according to ET concentration and TVC in 2018. ET, endotoxin; TVC, total viable microbial count
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that measured “both free chlorine and total chlorine.” A
total of 880 facilities (21.5%) reported using a method
that measured “total chlorine only” (Fig. 8b, Supple-
mentary Table 8). The proportions of facilities that
measured total chlorine had increased since the 2017
survey, when 45.7% measured “free chlorine only,”
32.2% measured “both free chlorine and total chlorine,”
and 20.2% measured “total chlorine only.”

A total of 4312 facilities reported familiarity with the
JSDT chemical contamination standard [2], and 85.4% of
4312 facilities reporting either being “very familiar” or
“familiar” (Fig. 9a, Supplementary Table 9). A total of

4157 facilities responded to the question regarding the
frequency with which they measured chemical contam-
ination as stipulated by the standard; 1769 facilities of
4157 facilities (42.6%) reported “once a year,” while 1124
facilities (27.0%) reported that they do not measure
chemical contamination (Fig. 9b, Supplementary Table
9). In the 2017 survey, 37.6% of the facilities measured
chemical contamination and 32.8% of them did not.
Awareness of chemical contaminants has gradually been
promoted by JSDT. Measurements of chemical contam-
ination of dialysis fluid in dialysis facilities have generally
been improving, and a survey of chemical contaminations

[] Tap water
[] Groundwater
[] Mixed water of tap water and groundwater

Others

Fig. 7 Distribution of facilities according to the source of dialysis water
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in dialysis fluid should be continued to improve compli-
ance with the JSDT standard.

Prescription of HD and HDF

Current status of HDF in Japan

HDF includes the following modalities: online HDF, offline
HDF, push/pull HDF, acetate-free biofiltration (AFBF), and
intermittent infusion hemodiafiltration (IHDF).

The number of HDF patients in Japan has been rapidly
increasing since 2012. Facility survey data at the end of
2018 showed that 125,793 patients had been treated by
HDF, an increase of 30,653 patients over the end of
2017. The number of patients who were treated with
HDF was 38.3% of the sum of HD and HDF patients,
and the proportion had increased by 8.9% compared to
the end of 2017 (Fig. 10).

The results of the 2018 survey showed that 121,634
patients on HDF at the end of 2018, of whom 86,231

patients had been on online HDF, accounting for 70.9%
of the HDF patients, and they were followed by 31,681
patients who had been on IHDF, accounting for 26.0%
of the HDF patients (Fig. 10, Supplementary Table 10).

The mean age of the HDF patients was 67.2 years old
(males: 66.4 years old, females: 68.7 years old), whereas
the mean age of the HD patients was 70.0 years old
(males: 69.2 years old, females: 71.5 years old) and was
approximately 3vyears older (Fig. 11, Supplementary
Table 11).

The mean dialysis vintage of the HDF patients was 8.4
years (males: 7.8 years, females: 9.7 years). Patients whose
dialysis vintage was less than 5years formed the largest
group, accounting for 40.9% of the total (43.4% of the
males, 36.2% of the females). The mean vintage of the
HD patients was 6.7 years (males: 6.3 years, females: 7.5
years). Patients whose dialysis vintage was less than 5
years accounted for 50.7% of the total (52.7% of the
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Do not know
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at all
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Fig. 9 Distribution of facilities according to awareness of the JSDT standard for chemical contaminants and frequency of measurements. a
Awareness of the JSDT standard for chemical contaminants. b Frequency of measurements of chemical contamination. JSDT, Japanese Society for

(b) Measurement frequency for chemical contamination
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males, 46.9% of the females). Patients on HDF have a
longer dialysis vintage than patients on HD, and HDF in-

mean dialysis times of the HD patients and HDF pa-
tients were 239 min and 245 min, respectively, and thus,

dicated for relatively younger patients in Japan (Fig. 12,
Supplementary Table 12).

Comparison between dialysis time and blood flow rate of
HD patients and HDF patients

A total of 203,009 HD patients and 85,928 HDF patients
responded to the question regarding dialysis time. The

the HDF patients were treated approximately 6 min lon-
ger than the patients on HD. In both groups, the “> 240
min, < 270 min” group was the largest with 68.0% of the
HD patients and 71.3% of the HDF patients (Fig. 13,
Supplementary Table 13).

A total of 178,283 HD patients and 112,929 HDF pa-
tients responded to the question regarding blood flow
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rate. The mean blood flow rate was 205 mL/min in the
HD group and 224 mL/min in the HDF group, indicat-
ing that the HDF group had a higher blood flow rate.
The blood flow rate category containing the largest pro-
portion of patients in both groups was the “> 200 mL/
min, < 220 mL/min” category, which accounted for
44.0% of the HD group and 34.4% of the HDF group
(Fig. 14, Supplementary Table 14).

Peritoneal dialysis

Stock and flow of patients on peritoneal dialysis

On December 31, 2018, 9445 patients in Japan were on
peritoneal dialysis (PD) according to the facility survey,
representing an increase of 355 patients (3.9%) over
December 31, 2017 (Table 1); 7582 patients (80.3%) were

on PD alone, and the rest were receiving combination
therapy with HD(F) (1621 once weekly, 142 twice
weekly, 30 thrice weekly HD(F), while 70 were undergo-
ing “other combined therapy”).

The number of patients started on PD during the
2018 survey period was 2293, representing an increase
of 8.3% over 2017 (Fig. 15, Supplementary Table 15).
The age distribution of the PD patients by sex is
shown in Fig. 16 (Supplementary Table 16). Accord-
ing to the patient survey, 65.9% of the 9069 PD
patients were male.

PD vintage by sex is shown in Fig. 17 (Supplementary
Table 17). Most of the 6257 PD patients who responded
to the questions regarding PD vintage had shorter dialy-
sis vintages, with 47.0% (males: 49.3%, females: 42.6%)
having started dialysis less than 2 years before. Patients

HD
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Fig. 13 Distribution of HD and HDF patients according to dialysis time in 2018. HD, hemodialysis; HDF, hemodiafiltration
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(38,898)
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(18,536)

on PD for more than 8 years accounted for 7.1% (males:
5.8%, females: 9.6%). The mean PD vintage was 3.07
years (males: 2.89 years, females: 3.40years) (Fig. 17,
Supplementary Table 17).

Peritoneal dialysis fluids

Figure 18 and Supplementary Table 18 show icodextrin
use according to PD vintage at the end of 2018. Of the
5938 PD patients who responded to the questions
regarding icodextrin use, 3236 (54.5%) used icodextrin
PD solution. Icodextrin use was less common in both
the group on PD for less than 2 years and the group on
PD for 8 years or more.

Peritonitis

Figure 19 and Supplementary Table 19 report PD
vintages and peritonitis rates calculated by dividing
the number of episodes of peritonitis during 2018 by
the total patient-months/12. Of the 6061 PD patients
who responded to the questions regarding peritonitis,
5278 (87.1%) had never experienced peritonitis dur-
ing 2018.

Diabetic patients on dialysis

The 2018 JSDT survey was the first survey since 2013
to include items related to glycemic control indicators

Table 1 Treatment modalities of PD patients in 2018

Modality Number
PD only 7582

PD + HD(F) once/week 1621

PD + HD(F) twice/week 142

PD + HD(F) thrice/week 30
Others 70

Total 9445

The data were obtained from the facility survey
HD(F) hemodialysis or hemodiafiltration

[4]. The 2013 survey included only hemoglobin Alc
(HbAlc) and glycated albumin (GA), whereas the
2018 survey also included casual plasma glucose.

The JSDT’s “Best Practice for Diabetic Patients on
Hemodialysis 2012” recommended GA instead of
HbAlc as an indicator of glycemic control in dialysis
patients [4]. About 6 years have passed since the “Best
Practice for Diabetic Patients on Hemodialysis 2012”
was published. In 2013, GA was measured in 53.5% of
the patients, whereas 46.5% of the patients continued
to undergo an assessment of glycemic control based
on HbAlc values alone [4]. The analysis in 2018 in-
cluded patients with a history of diabetes and patients
with underlying diabetic nephropathy. The 2018 sur-
vey included 160,021 dialysis patients with diabetes,
124,081 of whom were monitored on the basis of GA
and/or HbAlc measurements. Since 94,199 (75.9%) of
the 124,081 patients in 2018 were monitored based on
GA measurements and 54,567 (44.0%) based on
HbA1lc measurements, GA measurements had become
much more common (Fig. 20, Supplementary Table
20). In this chapter, the term “hemodialysis patients”
refers to patients on hemodialysis (HD), hemodiafiltra-
tion (HDF), hemofiltration, hemadsorption, and home
hemodialysis as a whole.

Glycemic indices

GA

The analysis at the end of 2018 included the 94,199 of
the 160,021 diabetic dialysis patients whose GA levels
were measured. In 2018, approximately 6 years follow-
ing the publication of “Best Practice for Diabetic Pa-
tients on Hemodialysis 2012,” GA was measured in
large numbers of patients. The mean GA level in 2018
was 20.7% + 5.0%, lower than the mean level of 21.2% +
5.3% in the 2013 JSDT survey (Supplementary Table
21). In terms of modes, the PD group had a clearly
lower mean GA level (16.9% * 4.4%) than the HD
group (HD 20.9% + 5.1%, HDF 20.5% + 5.0%) (Fig. 21).
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Fig. 15 Trends in the numbers of prevalent and incident PD patients from 2010 to 2018. PD, peritoneal dialysis
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This finding may be explained by the fact that the re-
sults included the loss of albumin into PD fluid, and
the patients on PD had lower casual plasma glucose
levels than the patients on HD. By contrast, the mean
GA levels of the HD group and HDF group were nearly
identical. The provisional target GA level of < 20.0%
prescribed in “Best Practice for Diabetic Patients on
Hemodialysis 2012” was reached in 47,852 patients
(51.4%), an improvement over the 46.6% in the 2013
JSDT survey. The target GA level for patients with a

history of cardiovascular events and patients with
hypoglycemic tendencies is < 24.0%, and it was reached
in 74,811 patients (80.4%). This rate was also higher
than in the 2013 survey (76.6%).

HbA1c

The HbAlc data of the 54,567 of the 160,021 diabetic
dialysis patients whose HbAlc levels were measured
were included in the analysis. Their mean HbAlc level
was 6.19% + 1.17%, and it was almost identical to the

%
100
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80 39.0 389
413 /a0
50.6 535
60
40
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58.7 538
49.4 46.5
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0
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Fig. 18 Distribution of the prevalent PD patients according to PD vintage and icodextrin use in 2018. PD, peritoneal dialysis
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6.19% + 1.16% level in the 2013 survey (Supplementary
Table 22). The mean HbAlc levels of the PD group, HD
group, and HDF group were 6.14% + 1.11%, 6.17% *
1.16%, and 6.23% + 1.19%, respectively. When the pa-
tients were divided into ten groups according to their
HbA1lc levels, the proportions of patients in each of the
ten HD groups were similar to their proportions in the
ten PD groups (Fig. 22).

Casual plasma glucose

This is the first time that the casual plasma glucose
levels of dialysis patients were investigated in the JSDT
survey. The subjects of the analysis were the 111,005 of
the 160,021 diabetic dialysis patients whose casual
plasma glucose levels had been measured. The casual
plasma glucose levels in the HD group, HDF group, and
PD group were 151.5 + 56.1 mg/dL, 150.8 + 55.4 mg/dL,
and 140.3 + 53.4 mg/dL, respectively. The mean casual
plasma glucose level of the PD patients was lower than
those of patients on HD and HDF (Supplementary Table

23). The provisional target level for a casual plasma glu-
cose level of < 200 mg/dL prescribed in “Best Practice
for Diabetic Patients on Hemodialysis 2012” was
achieved in 84.4% of the dialysis patients (Fig. 23). Al-
though no casual plasma glucose target level has been
established for PD patients, 89.1% of the PD patients
had a casual plasma glucose level of less than 200 mg/
dL, which was higher than in the HD group. A casual
plasma glucose level below 50 mg/dL, which suggested
the presence of severe hypoglycemia, was found in 237
patients (0.2%).

Antidiabetic agents

Insulin injection therapy was used to treat diabetic dialy-
sis patients prior to 2010, because many oral
hypoglycemic agents were contraindicated for dialysis
patients in Japan. However, dipeptidyl peptidase-4 (DPP-
4) inhibitors, a-glucosidase inhibitors (a-GIs), and two
fast-acting insulin secretagogues, i.e., mitiglinide and
repaglinide, were approved for use in dialysis patients in
Japan in 2013 [5]. In the first survey of 2013, 33.0% of

56.0%

(69,514)

24.1%
(29,882)

Fig. 20 Glycemic indices of diabetic patients on dialysis. GA, glycated albumin; HbA1c, glycated hemoglobin
A

[ GA
[ HbA1c
[ Both GA and HbA1c
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Fig. 21 GA levels of diabetic patients on hemodialysis and peritoneal dialysis in 2018. GA, glycated albumin
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the diabetes patients on dialysis were treated with insu-
lin, and they were followed by 27.6% treated with a
DPP-4 inhibitor, and then 20.9% treated with another
oral hypoglycemic agent, including a-GIs and fast-acting
insulin secretagogues [4].

Insulin injection therapy

A total of 127,614 of the 160,021 diabetic patients on
dialysis responded to the question regarding whether or
not they were being treated with insulin. The results
showed that the proportion of patients being treated
with insulin injection therapy was 26.3%, and lower
than the 33.0% in the 2013 survey (Supplementary
Table 24). The increase in the proportion of patients
being treated with a DPP-4 inhibitor or glucagon-like

contributed to the decrease in the proportion of pa-
tients on insulin injection therapy. The proportions of
patients on insulin injection therapy in the HD group
and PD group were 26.4% and 22.4%, respectively, and
the proportion of HD patients on insulin injection ther-
apy was higher than in the PD group (Fig. 24).

DPP-4 inhibitors

A total of 125,563 of the 160,021 diabetic patients on
dialysis responded to the question regarding whether or
not they were being treated with a DPP-4 inhibitor. The
results showed that the proportion of patients being
treated with a DPP-4 inhibitor was 39.7%, a much higher
proportion than the 27.6% in the 2013 survey (Fig. 25,
Supplementary Table 25). In 2012, five DPP-4 inhibitors

peptide-1 (GLP-1) receptor agonist may have were being marketed in Japan, whereas seven daily and
Hemodialysis Peritoneal dialysis
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Fig. 22 HbAc levels of diabetic patients on hemodialysis and peritoneal dialysis in 2018. HbA1c, glycated hemoglobin
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two weekly DPP-4 inhibitor preparations are now avail-
able for the treatment of dialysis patients in Japan, and
DPP-4 inhibitors are currently being widely used to treat
dialysis patients in Japan.

GLP-1 receptor agonists

This is the first time that investigated the use of GLP-1
receptor agonists in dialysis patients in JSDT. A total of
123,545 of 160,021 diabetes patients on dialysis
responded to the question regarding whether or not they
were being treated with a GLP-1 receptor agonist, and
the results showed that 5.4% of them were receiving a
GLP-1 receptor agonist (Fig. 26, Supplementary Table 26).
In 2012, only one GLP-1 receptor agonist was available in
Japan, whereas today, two daily and one weekly GLP-1 re-
ceptor agonist preparation are available.

Other antidiabetic agents
A total of 123,052 of the 160,021 diabetic patients on
dialysis responded to the question regarding whether or

not they were being treated with another antidiabetic
agent. In 2018, the oral antidiabetic agents that could
be used to treat dialysis patients consisted of DPP-4 in-
hibitors, a-GIs, and fast-acting insulin secretagogues,
and thus, patients being treated with “other antidiabetic
agents” include patients being treated with o-GIs and/
or fast-acting insulin secretagogues. This proportion
being treated with other antidiabetic agents in 2018 was
17.4% and was lower than the 20.9% in the 2013 survey
(Fig. 27, Supplementary Table 27).

Conclusion

The ET levels in dialysis fluid indicate that compliance
with both the under 0.001 EU/mL standard and the
under 0.05 EU/mL standard is increasing annually.
The achievement quotients for both UPD and standard
dialysis fluid have been increasing over time, suggest-
ing that the dialysis fluid purity level is increasing in
Japan. The number of HDF patients in Japan has been
rapidly increasing, and they accounted for 38.3% of all
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Fig. 24 Proportions of diabetic patients on hemodialysis and peritoneal dialysis who were treated with insulin injection therapy in 2018
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Fig. 27 Proportions of the diabetic patients on hemodialysis and peritoneal dialysis who were treated with other antidiabetic agents in 2018
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HD and HDF patients. In 2018, 70.9% of the HDF pa-
tients were undergoing online HDF, and they were
followed by 26.0% who were receiving IHDF. The
mean HD dialysis time was 239 min. The mean blood
flow rate was 205 mL/min, which was lower than in
the US and European countries [6]. There were 9445
patients on PD, accounting for 2.8% of all dialysis pa-
tients, with 80% of them undergoing PD alone and the
others undergoing combination therapy with HD. GA
was the main indicator of glycemic control measured
in Japan, and the mean GA, HbAlc, and casual plasma
glucose levels in 2018 were 20.9%, 6.2%, and 151.5 mg/
dL, respectively. The results of the 2018 survey showed
that the proportion of patients on insulin injection
therapy had decreased, and the proportion being
treated with DPP-4 inhibitors had increased since the
2013 survey.
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Abstract

groups analyzed.

According to the annual survey of the Japanese Society for Dialysis Therapy Renal Data Registry (JRDR) conducted
at the end of 2018, there were a total of 339,841 patients receiving dialysis (hereinafter, dialysis patients) in Japan.
The survey included questions regarding the presence/absence of dementia, the performance status (PS), and the
exercise habits of individual patients. The survey revealed that 10.8% of all dialysis patients had dementia (1.8% in
the age group of less than 65 years, 6.8% in the age group of 65-74 years, and 22.7% in the age group of 75 years
or older). These prevalences of dementia were approximately equal to those estimated from the survey conducted
in 2010. Regarding PS, the percentage of patients with lower activity levels tended to be relatively high among
patients who were less than 15 years old and those who were 60 years old or older. Concerning the exercise habits
of dialysis patients, the percentage of patients who were classified as “not at all or hardly” in response to the
question about exercise habit was the highest (60-80%) of all the exercise habit classifications in each of the age

Keywords: Dialysis, Registry, Dementia, Performance status, Exercise habits

Introduction

Since 1968, the Japanese Society for Dialysis Therapy
(JSDT) has conducted a survey examining the status of
chronic dialysis treatment in Japan at the end of every
year. This survey, known as the JSDT Renal Data Regis-
try (JRDR), covers nearly all dialysis facilities in Japan [1,
2]. Although these facilities participate voluntarily, the
response rate is nearly 100%, suggesting that this survey
represents the real-world status of regular dialysis in
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“Faculty of Clinical Engineering Technology, Fuijita Health University School
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B BMC

Japan. The 2018 JRDR survey contains many topics such
as the kinetics of chronic dialysis patients and dialysis fa-
cilities at the end of 2018, water treatment and hemodia-
filtration, peritoneal dialysis, treatments for diabetes and
mental and physical conditions, and the present status of
viral hepatitis.

This basic research report was prepared to clarify the
actual conditions of the prevalence of dementia, PS, and
exercise habits among Japanese dialysis patients as of the
end of 2018. The report also serves as an English trans-
lation of information regarding the presence/absence of
dementia, performance status (PS), and exercise habits
of dialysis patients in Japan obtained from the JRDR sur-
vey conducted at the end of 2018 and published, in
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Japanese, in the Journal of the Japanese Society for Dialy-
sis Therapy (3, 4].

Materials and methods

Details of the survey conducted in 2018 are given in the
report on the basic data from the survey [5]. In this sur-
vey, the presence/absence of dementia, PS, and exercise
habits of dialysis patients were investigated. The patient
survey included questions designed to investigate each
survey item. Responses to the basic survey items in-
cluded in the patient survey were collected from 327,336
patients.

Presence/absence of dementia

The survey of dialysis patients conducted in 2018 in-
cluded questions to determine the presence/absence of
dementia. The presence/absence of dementia at the time
of the initiation of maintenance dialysis was first in-
cluded as a question in the 2006 and 2007 surveys [6, 7].
In 2009 and 2010, the presence/absence of dementia was
investigated for the entire survey population of dialysis
patients [8, 9].

Dementia is defined as follows in the 10th version
of the International Classification of Diseases, Injuries,
and Causes of Death (ICD10): “dementia is a syn-
drome due to disease of the brain, usually of chronic
or progressive nature, in which there is impairment
of multiple higher cortical functions, including mem-
ory, thinking, orientation, calculation, learning cap-
acity, language and judgement” [10]. For the diagnosis
of dementia, it is necessary to evaluate the cognitive
functions of the patient through interviews of the pa-
tient and his/her family members; scales such as the
Mini Mental State Examination (MMSE) and Hase-
gawa dementia rating scale-revised (HDS-R) are
usually used [11]. During the current survey, a ques-
tionnaire was mailed to each participating facility,
requesting the facility to answer the questionnaire
about the patients and to return the completed ques-
tionnaire to our society. Using this survey design, it
was impossible to have experts confirm the dementia

Table 2 Age and dementia prevalence (all dialysis patients)
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Table 1 Performance status [4]

A (Score 0) Fully active, able to carry on all pre-disease performance
without restriction.

B (Score 1) Restricted in physically strenuous activity but ambulatory
and able to carry out work of a light or sedentary nature, e.g,, light
housework, office work.

C (Score 2) Ambulatory and capable of all self-care but unable to carry
out any work activities. Up and about more than 50% of waking
hours.

D (Score 3) Capable of only limited self-care, confined to bed or chair
more than 50% of waking hours.

E  (Score 4) Completely disabled. Cannot carry on any self-care. Totally
confined to bed or chair.

Z Unknown

diagnoses of all the patients being managed at the
participating facilities. Thus, the determination of the
presence/absence of dementia in this survey was
based solely on the inquiry described below and the
answer choices contained in the questionnaire.

Please indicate the presence or absence of dementia
in the patient at the end of December 2018. *If the
patient has not been diagnosed as having dementia
by a dementia specialist, the diagnosis made by the
patient’s main physician based on the patient’s sta-
tus during dialysis treatments or consultations is ac-
ceptable.

+ Answer choices

A. Without dementia

B. With dementia

Z. Unspecified

In response to the question regarding the presence/ab-
sence of dementia during this survey, 250,042 patients
(76.4%) were classified as “Without dementia” or “With
dementia.”

The proportion of patients who were classified as
“With dementia” among all the patients who responded
to the question about the presence/absence of dementia

Without With Total Dementia No information Grand Dementia
dementia dementia unknown available total prevalence (%)
Age <65 years 79,339 1452 80,791 5858 18,578 105227 18
Age 65-74 years 75,884 5503 81,387 6133 18,862 106382 638
Age 75 years or older 67,932 19,932 87,864 7287 20,576 115727 227
Total 223,155 26,887 250,042 19,278 58,016 327336 108
Unspecified/no information 0 0 0 0 0 0
available
Grand total 223,155 26,887 250,042 19,278 58,016 327336 108

The data were obtained from the patient survey
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Fig. 1 Dementia prevalence sorted according to age and sex. Data were obtained from the patient survey

was adopted as the “dementia prevalence.” The dementia
prevalence was calculated using the equation shown
below.

Dementia prevalence (%) = [number of patients who were classified as“With dementia”]
“+[“number of patients who were classified as“With dementia”

-Fnumber of patients who were classified as“Without dementia”] x 100

Performance status (PS)

The 2018 survey questionnaire contained questions de-
signed to determine the Eastern Cooperative Oncology
Group (ECOG) PS of the patients [4] (Table 1).

According to this PS scale, a higher score means a lower
physical activity level of the patient. Under this survey
program, PS was first investigated in 1998 and was sub-
sequently examined in 2002 and 2009 [8, 12, 13]. In the
current survey, valid responses to the questions about
PS were collected from 251,609 patients (76.9%).

Exercise habits

The 2018 survey questionnaire included, for the first time,
questions designed to investigate the exercise habits of dia-
lysis patients. Exercise habits had not been covered by any
survey conducted previously within the framework of this
survey program. Exercise habits were investigated using the

£ 25
3
S 20
Q
8 15
[J]
S
o 10
= 2.3
& s
£ 1.1
[J]
o 0
<65 65-74

Age (years old)

Fig. 2 Dementia prevalence sorted according to age and diabetic status. Data were obtained from the patient survey
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Table 4 Performance status of patients treated by main three kinds of treatment, sorted by different age

Page 6 of 22

Dialysis method Performance status score Subtotal Unspecified No data Total
Score 0 Score 1 Score 2 Score 3 Score 4 available

a. Age <20 years old
Facility hemodialysis 12 2 3 0 2 19 2 5 26
9% (63.2) (105) (15.8) (0.0) (10.5) (100.0)
Hemodiafiltration 7 2 0 1 0 10 0 2 12
% (70.0) (20.0) (0.0) (10.0) (0.0) (100.0)
Peritoneal dialysis " 24 12 7 18 72 10 35 17
% (15.3) (333) (16.7) (9.7) (25.0) (100.0)
Total 30 28 15 8 20 101 12 42 155
% (29.7) (27.7) (149 (7.9) (19.8) (100.0)

b. Age 20<,<45 years old
Facility hemodialysis 3314 1197 224 106 87 4928 242 1304 6474
% 67.2) (243) (4.5) (2.2) (1.8) (100.0)
Hemodiafiltration 3214 1017 172 63 26 4492 102 1099 5693
% (71.5) (22.6) (3.8) (1.4) 0.6) (100.0)
Peritoneal dialysis 274 89 7 6 6 382 34 238 654
% (71.7) (233) (1.8) (1.6) (1.6) (100.0)
Total 6802 2303 403 175 119 9802 378 2641 12,821
% (69.4) (235) 4. (1.8) (1.2) (100.0)

c. Age 455,<60 years old
Facility hemodialysis 13,855 6543 1590 842 612 23,442 969 6010 30,421
% (59.1) (27.9) (6.8) (3.6) (2.6) (100.0)
Hemodiafiltration 12,594 5504 1113 455 239 19,905 500 5014 25419
% (63.3) (27.7) (5.6) (2.3) (1.2) (100.0)
Peritoneal dialysis 1018 358 48 11 13 1448 79 821 2348
% (70.3) (24.7) (33) (0.8) (0.9 (100.0)
Total 27467 12,405 2751 1308 864 44,795 1548 11,845 58,188
% (61.3) (27.7) 6.1) (29 (1.9) (100.0)

d. Age 60<,<75 years old
Facility hemodialysis 26,500 20,676 7809 4425 3566 62,976 2234 15,901 81,111
% (42.1) (32.8) (124) (7.0) (5.7) (100.0)
Hemodiafiltration 18,841 14,599 4557 2305 1232 41,534 1023 11,136 53,693
% (45.4) (35.1) (11.0) (5.5) (3.0) (100.0)
Peritoneal dialysis 1396 680 171 55 48 2350 210 1291 3851
% (594) (28.9) (7.3) (2.3) (2.0) (100.0)
Total 46,737 35,955 12,537 6785 4846 106,860 3467 28,328 138,655
% (43.7) (336) (11.7) (6.3) (4.5) (100.0)

e. Age 75< years old
Facility hemodialysis 12,862 16,935 13,098 8973 7275 59,143 2183 15121 76,447
% (21.7) (28.6) (22.1) (15.2) (12.3) (100.0)
Hemodiafiltration 6692 9310 6252 3558 2123 27,935 730 8152 36,817
% (24.0) (33.3) (22.4) (12.7) (7.6) (100.0)
Peritoneal dialysis 426 381 229 132 89 1257 145 697 2099
% (339 (30.3) (18.2) (10.5) (7.1) (100.0)
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Table 4 Performance status of patients treated by main three kinds of treatment, sorted by different age (Continued)
Dialysis method Performance status score Subtotal Unspecified No data Total
Score 0 Score 1 Score 2 Score 3 Score 4 available
Total 19,980 26,626 19,579 12,663 9487 88,335 3058 23,970 115,363
% (22.6) (30.1) (22.2) (14.3) (10.7) (100.0)
The data were obtained from the patient survey
following 7 answer choices in response to a question re- In the current survey, an answer to the question re-

garding exercise habits.

A. Not at all or hardly

B. Less than once a week

C. Almost once a week

D. Two or three times a week
E. Four or five times a week

E. Every day or nearly every day
Z. Unknown

garding exercise habits was collected from 213,930 pa-
tients (65.4%).

Results

Presence/absence of dementia

Age and dementia prevalence

The prevalence of dementia was calculated among all the
dialysis patients and in each of the major age groups. The

Table 5 The prevalence of dementia sorted by age and performance status

Presence/absence of Performance status score Subtotal Unspecified No data Total

dementia Score 0 Score 1 Score 2 Score 3 Score 4 available

a. Age <65 years old
Without dementia 46,015 21,848 4885 2292 1283 76,323 1233 1783 79,339
With dementia 289 278 226 235 348 1376 37 39 1452
Subtotal 46,304 22,126 511 2527 1631 77,699 1270 1,822 80,791
Unspecified 592 481 161 94 175 1503 1462 2893 5858
No data available 1008 517 127 80 38 1,770 54 16,754 18,578
Total 47,904 23,124 5399 2701 1844 80,972 2786 21,469 105,227
Dementia prevalence (%) 06 13 44 9.3 213 1.8 29 2.1 1.8

b. Age 65<,<75 years old
Without dementia 32,132 25,876 8703 4218 2211 73,140 1120 1624 75,884
With dementia 519 953 1158 1100 1472 5202 116 185 5503
Subtotal 32,651 26,829 9861 5318 3683 78,342 1236 1809 81,387
Unspecified 460 530 336 196 262 1784 1351 2998 6133
No data available 767 648 260 130 86 1891 57 16914 18,862
Total 33,878 28,007 10457 5644 4031 82,017 2644 21,721 106,382
Dementia prevalence (%) 16 36 11.7 20.7 40.0 6.6 94 10.2 6.8

c. Age 75% years old
Without dementia 18,242 22,867 13,660 7186 3305 65,260 1101 1571 67,932
With dementia 1030 2613 4918 4814 5551 18,926 371 635 19,932
Subtotal 19,272 25,480 18,578 12,000 8856 84,186 1472 2206 87,864
Unspecified 339 635 603 449 475 2501 1544 3242 7287
No data available 429 611 480 244 169 1933 50 18,593 20,576
Total 20,040 26,726 19,661 12,693 9,500 88,620 3,066 24,041 115,727
Dementia prevalence (%) 53 103 265 40.1 62.7 225 25.2 288 227

The data were obtained from the patient survey
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results are shown in Table 2. The overall dementia preva-
lence among dialysis patients in the 2018 survey was
10.8% (1.8% in the age group of less than 65 years, 6.8% in
the age group of 65-74 years, and 22.7% in the age group
of 75 years or older). Thus, the dementia prevalence was
markedly higher among subjects older than 65 years.

Sex and dementia prevalence

Figure 1 shows the dementia prevalence in each of
the major age groups calculated according to sex. In
each age group, the dementia prevalence was higher
among females than among males (Supplementary
Table 1).

Presence/absence of diabetes mellitus and dementia
prevalence

Figure 2 shows the relationship between the pres-
ence/absence of diabetes mellitus and the dementia
prevalence (Supplementary Table 2). In each age
group, the dementia prevalence was higher among
diabetic patients than among non-diabetic patients.

Page 8 of 22

Treatment method and dementia prevalence

Table 3 shows the relationship between the three main
treatment methods (facility hemodialysis, hemodiafiltra-
tion, and peritoneal dialysis) and the dementia preva-
lence. Hemodialysis patients had the highest prevalence
of dementia, followed by hemodiafiltration patients and
peritoneal dialysis patients.

Dialysis vintage and dementia prevalence

Figure 3 shows the relationship between the dialysis vin-
tage and the dementia prevalence. During the first 10
years of dialysis, the dementia prevalence increased as
the dialysis vintage increased (Supplementary Table 3).
After 10 years, however, the dementia prevalence de-
creased as the dialysis vintage increased.

Performance status (PS)

Age and PS

Figure 4 graphically represents the distribution of age and
PS (Supplementary Table 4). The percentages of patients
with lower activity levels (higher PS scores) were relatively
high among patients who were less than 15 years old or
60 years or older. Among patients who were 90 years or
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Fig. 5 Exercise habits and age. The numbers in the figure indicate the percentages for each age group. Data were obtained from the patient survey




Nitta et al. Renal Replacement Therapy (2021) 7:41

older, the overwhelming majority of patients had low ac-
tivity levels (high PS scores), and the percentage of pa-
tients with high activity levels (low PS scores) was small.

Treatment method and PS

Table 4 shows the relationship between the main three
treatment methods (facility hemodialysis, hemodiafiltra-
tion, and peritoneal dialysis) and PS. The number of pa-
tients tabulated in some cells was too small, so this
tabulation was performed as “under 20 years old” instead
of “under 15 years old.” Among patients aged 20 years
or older, patients treated by peritoneal dialysis were the
most active, followed by those treated with hemodiafil-
tration and facility hemodialysis. Among patients under
the age of 20 years, patients treated by hemodiafiltration
were the most active, followed by those treated with fa-
cility hemodialysis and peritoneal dialysis.

Dementia prevalence and PS
Table 5 shows the results summarizing the relationship
between the prevalence of dementia and PS according to

Page 9 of 22

different age groups. Regardless of age, patients with a
lower activity have a higher prevalence of dementia.

Exercise habits

Age and exercise habits

Figure 5 shows the results of the analysis of age versus
exercise habits among the dialysis patients (Supplemen-
tary Table 5). In each age group, patients who were clas-
sified as “Not at all or hardly” in response to the
question on exercise habits were predominant, account-
ing for 60-80% of all the patients.

Dialysis vintage and exercise habits

Next, the patients were divided into four age groups (0—
44, 45-64, 65-74, and 75 years or older), and the relation-
ship between the dialysis vintage and exercise habits was
analyzed in each age group (Figs. 6, 7, 8 and 9; Supple-
mentary Table 6). In the 45 years and older age groups,
the percentages of patients who were classified as “Not at
all or hardly” tended to be higher when the dialysis vintage
was 35 years or longer. In the 0—44 age groups, the per-
centage of patients who were classified as “Not at all or

week

Data were obtained from the patient survey
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hardly” tended to increase in the group with a dialysis vin-
tage of 25—-29 years. However, the age 0—44 age groups in-
cluded almost no patients with a dialysis vintage of 35
years or longer. No other evident relationship between the
duration vintage and exercise habits was seen.

PS and exercise habits

Table 6 shows the results summarizing the relationship
between exercise habits and PS for all the patients. Pa-
tients who exercised more often had a higher physical
activity.

Dementia prevalence and exercise habits

Table 7 shows the results of tabulating the relationship
between exercise habits and the prevalence of dementia
according to major age group. Patients who exercised
more frequently had a lower prevalence of dementia
across all age groups.
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Discussion

Presence/absence of dementia

Age and dementia prevalence

When the prevalence of dementia was analyzed in
each of the major age groups, the dementia preva-
lence was found to be markedly increased in the 65
years or older age group (Table 2). As reference data,
Fig. 10 shows the changes in dementia prevalence
over time for each of the major age groups in the
2009, 2010, and 2018 surveys (Supplementary Table
7). The analyses in the 2009 and 2010 surveys were
confined to “patients receiving hemodialysis at a facil-
ity 3 times/week” [8, 9]. For this reason, the analysis
in 2018 included only “patients receiving hemodialysis
at facilities 3 times/week.” The dementia prevalence
in 2018 in each age group was approximately equal
to the corresponding prevalence recorded in 2009 and
2010. This indicates that the status of dementia
prevalence among dialysis patients in Japan has not
changed markedly over the past decade.
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Data were obtained from the patient survey
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Sex and dementia prevalence

When the dementia prevalence in each of the major age
groups was analyzed according to sex, the prevalence in
each age group was higher in the females than in the
males (Fig. 1). A similar trend to that noted in the
current survey was also observed in the surveys con-
ducted in 2009 and 2010 within the framework of this
survey program [8, 9]. Among elderly patients, the
prevalence of dementia is generally higher in females
than in males [14]. On the other hand, in Japan, the
prevalence of dementia among young people under the
age of 65 years has been reported to be lower in females
than in males [15]. However, in this report, the preva-
lence of dementia in dialysis patients under the age of 65
years was higher in females than in males. To explore
this matter, the prevalence of dementia according to the
presence or absence of diabetes and the dialysis vintage
was calculated for each sex (Tables 8 and 9). As shown
here, the prevalence of dementia calculated for each age
group was higher in females than in males, regardless of
the presence of diabetes or the dialysis vintage. These

results indicate that among Japanese dialysis patients, fe-
males are more susceptible to dementia than males. We
could not clarify the reason for this difference in the
present analysis.

Presence/absence of diabetes mellitus and dementia
prevalence

An analysis of the relationship between the presence/ab-
sence of diabetes mellitus and the dementia prevalence
revealed that the dementia prevalence was higher among
diabetic patients than among non-diabetic patients in
each age group (Fig. 2). This result was consistent with
the previously reported finding that diabetes mellitus is
a risk factor for dementia [16]. A trend similar to that
observed in the current survey was also noted in the sur-
veys conducted in 2009 and 2010 within the framework
of this survey program [8, 9].

Treatment method and dementia prevalence
As shown in Table 3, facility hemodialysis patients had
the highest prevalence of dementia, followed by
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hemodiafiltration patients and peritoneal dialysis pa-
tients, regardless of age. Table 10 shows the basic back-
ground factors of the patients who were treated with
each of the three main treatment methods. The mean
age of the facility hemodialysis patients was the highest,
followed by the mean ages of the hemodiafiltration and
peritoneal dialysis patients. However, the prevalence of
dementia, shown in Table 3, had already been stratified
according to the different age groups. Therefore, it is dif-
ficult to attribute the high prevalence of dementia in fa-
cility hemodialysis patients to their advanced age. The
mean dialysis vintage was the longest for hemodiafiltra-
tion, followed by those for facility hemodialysis and peri-
toneal dialysis. There was no significant difference in the
percentage of male patients receiving each treatment.
Thus, it seems unlikely that these findings could have af-
fected the high prevalence of dementia among facility
hemodialysis patients. The prevalence of diabetes was
highest among facility hemodialysis patients, followed by
patients receiving hemodiafiltration and peritoneal dialy-
sis. This report shows that patients with diabetes have a

high prevalence of dementia. This may have affected the
high prevalence of dementia among facility hemodialysis
patients and the low prevalence of dementia among peri-
toneal dialysis patients.

Dialysis vintage and dementia prevalence

In an analysis of the relationship between the duration of dia-
lysis and the dementia prevalence, the dementia prevalence
increased as the dialysis vintage increased in patients whose
dialysis vintage was less than 10 years. Among patients whose
dialysis vintage was more than 10 years, however, the demen-
tia prevalence decreased as the dialysis vintage increased (Fig.
3). A trend similar to the one observed in the current survey
was also noted in the surveys conducted in 2009 and 2010
within the framework of this survey program [8, 9]. To clarify
this background, the relationships between dialysis vintage
and basic background factors are summarized in Table 11.
No significant difference in the mean age of patients belong-
ing to each dialysis vintage was seen for patients with a dialy-
sis vintage of less than 10 years, but the mean age tended to
be lower in patients with a long dialysis vintage among
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Table 6 Exercise habits and performance status (all dialysis patients)
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Exercise habits Performance status score Subtotal Unspecified No data Total
Score 0 Score 1 Score 2 Score 3 Score 4 available

Not at all or hardly 48,347 40,194 22,863 15,643 13,161 140,208 781 576 141,565

% (34.5) (28.7) (16.3) (11.2) (94) (100.0)

Less than once a week 4522 4282 1596 479 139 11,018 13 10 11,041

% (41.0) (38.9) (14.5) (4.3) (1.3) (100.0)

Almost once a week 5315 4541 1769 648 172 12,445 35 20 12,500

% (42.7) (36.5) (14.2) (52) (14) (100.0)

Two or three times a week 11,325 9262 3256 1457 497 25,797 43 197 26,037

% (43.9) (35.9) (12.6) (5.6) (1.9) (100.0)

Four or five times a week 3975 2472 483 167 98 7195 7 33 7235

% (55.2) (34.4) 6.7) (2.3) (1.4) (100.0)

Every day or nearly every day 9398 4699 969 275 86 15427 21 104 15,552

% (60.9) (30.5) (6.3) (1.8 (0.6) (100.0)

Subtotal 82,882 65,450 30,936 18,669 14,153 212,090 900 940 213,930

% (39.1) (30.9) (14.6) 8.8) 6.7) (100.0)

Unspecified 16,455 10,356 3730 2012 1010 33,563 7507 718 41,788

No data available 2485 2051 851 357 212 5956 89 65,573 71,618

Total 101,822 77,857 35517 21,038 15,375 251,609 8496 67,231 327336

% (40.5) (309 (14.1) 84) 6.1) (100.0)

The data were obtained from the patient survey

patients with a dialysis vintage of 10 years or more. In
addition, a small proportion of patients with a dialysis vintage
of 10 years or more had diabetes. This tendency was remark-
able among patients with a dialysis vintage of 20 years or
more. Thus, patients with diabetes had a relatively high preva-
lence of dementia in this tabulation. This may have been as-
sociated with the low prevalence of dementia among patients
with a long dialysis vintage. It was previously reported that in
non-diabetic patients with no history of cerebrovascular dis-
ease undergoing maintenance hemodialysis, the risk of the
onset of dementia decreased as the dialysis vintage increased
[17]. The results of the current survey may be consistent with
this previous report.

Performance status (PS)

Age and PS

When the PS was analyzed according to age, the per-
centage of patients with lower activity levels (larger PS
scores) increased in the 75 years or older age group. In
the 65—74 years age group, on the other hand, the distri-
bution of the PS scores was close to that in the 45-59
years age group. This result may indicate that the phys-
ical activity level in dialysis patients is relatively well pre-
served until the age of 75 years but begins to decrease
rapidly after the age of 75 years. On the other hand,
there were many patients with low activity scores in the
under 15-year-old age group. This finding may indicate

that renal failure impedes the development of the pa-
tients’ physical functions.

Figures 11, 12, and 13 show the distribution of the
PS scores in each of the major age groups evaluated
at 3 points of time (1998, 2009, and 2018) [8, 12].
The data for 1998 and 2018 cover all the dialysis pa-
tients, while the data for 2009 covers only those pa-
tients who were receiving hemodialysis at a facility 3
times/week. During the period from 1998 to 2009,
the percentage of patients with high activity levels in-
creased slightly and that of patients with low activity
levels decreased slightly in each age group (note that
a small PS score means a high activity level). How-
ever, during the period from 2009 to 2018, the per-
centage of patients with high activity levels decreased
and that of patients with low activity levels increased
slightly in the 75 years or older age group. This may
indicate that the physical activity level in the dialysis
patients tended to improve from 1998 to 2009, but
has improved minimally thereafter.

Treatment method and PS

As shown in Table 4, among patients aged 20 years
and older, the PS of peritoneal dialysis patients was
better than those of hemodiafiltration and facility
hemodialysis patients. The number of patients tabu-
lated in some cells was too small, so this tabulation
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Table 7 Exercise habits and the prevalence of dementia, sorted by different age

Exercise habits Presence/absence of dementia Subtotal Unspecified No data Total Dementia
Without dementia ~ With dementia available g/l;e)zvalence
a. Age <65 years old
Not at all or hardly 40,525 933 41,458 754 939 43,151 23
Less than once a week 3571 51 3622 81 37 3740 14
Almost once a week 4007 92 4099 57 54 4210 22
Two or three times a week 7686 123 7809 137 233 8179 16
Four or five times a week 2450 22 2472 31 46 2549 0.9
Every day or nearly every day 5342 42 5384 84 107 5575 08
Subtotal 63,581 1263 64,844 1144 1416 67,404 1.9
Unspecified 12,753 139 12,892 1827 349 15,068 1.1
No data available 3005 50 3055 2887 16,813 22,755 1.6
Total 79,339 1452 80,791 5858 18,578 105,227 1.8
b. Age 65<,<75 years old
Not at all or hardly 38,775 3786 42,561 890 900 44,351 89
Less than once a week 3404 157 3561 102 37 3700 44
Almost once a week 3907 220 4127 63 52 4242 53
Two or three times a week 8348 408 8756 177 249 9182 4.7
Four or five times a week 2520 57 2577 45 60 2682 22
Every day or nearly every day 5326 133 5459 103 119 5681 24
Subtotal 62,280 4761 67,041 1380 1417 69,838 7.1
Unspecified 10,796 467 11,263 1765 351 13,379 4.1
No data available 2808 275 3083 2988 17,094 23,165 89
Total 75,884 5503 81,387 6133 18,862 106,382 6.8
c. Age 75< years old
Not at all or hardly 37,285 14,275 51,560 1480 1023 54,063 27.7
Less than once a week 2952 518 3470 93 38 3601 149
Almost once a week 3330 590 3920 80 48 4048 15.1
Two or three times a week 6992 1257 8249 208 219 8676 15.2
Four or five times a week 1740 183 1923 41 40 2004 9.5
Every day or nearly every day 3703 401 4104 111 81 4296 9.8
Subtotal 56,002 17,224 73,226 2013 1449 76,688 235
Unspecified 9273 1762 11,035 2038 268 13,341 16.0
No data available 2657 946 3603 3236 18,859 25,698 263
Total 67,932 19,932 87,864 7287 20,576 15727 227

The data were obtained from the patient survey

was performed as “under 20 years old” instead of
“under 15 years old.” This table may indicate that
highly active patients are more likely to choose peri-
toneal dialysis. On the other hand, among patients
under the age of 20 years, most of the patients chose
peritoneal dialysis, and several peritoneal dialysis pa-
tients had low activity levels. These results suggest
that pediatric renal failure patients tend to choose

peritoneal dialysis and that their physical activity level
is relatively low.

Dementia prevalence and PS

As shown in Table 5, regardless of age, patients with
lower activity levels had a higher prevalence of dementia.
Previous studies have shown that physical activity pre-
vents the onset of dementia [18, 19]. The result of this
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patient survey
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Fig. 10 Trend in dementia prevalence in hemodialysis patients who were treated three times a week. Data were obtained from the
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report is consistent with the results of these previous
studies.

Exercise habits

Age and exercise habits

When exercise habits were analyzed according to age,
the answer “Not at all or hardly” was predominantly se-
lected in each age group (Fig. 9). The next most fre-
quently selected choice was “Two or three times a week”
(8-13%) in each age group. This may indicate that the
patients exercised at a pace consistent with a schedule in
which hemodialysis was performed three times weekly.
The percentages of patients who were classified as “Al-
most once a week” and “Every day or nearly every day”
were each 4—-8% in each age group.

Dialysis vintage and exercise habits

When the exercise habits were analyzed according to
dialysis vintage (Figs. 7, 8, and 9), the percentage of pa-
tients who were classified as “Not at all or hardly”
tended to be relatively high in the patients with a long
dialysis vintage in each age group. This finding suggests
that some patients receiving prolonged hemodialysis
might have developed a motor disorder.

PS and exercise habits

As shown in Table 6, patients who exercised more often
had higher physical activities. However, these results
represent single observations made at one time point.
Therefore, the causal relationship between exercise
habits and physical activity cannot be discussed based
on these results. However, this result indicates that exer-
cise habits and physical activity are closely related even
in dialysis patients.

Dementia prevalence and exercise habits

As shown in Table 7, patients who exercised more
frequently had a lower prevalence of dementia across
all age groups. Previous studies have shown that
physical exercise prevents the onset of dementia [18,
19]. This result is consistent with the results of these
previous studies. However, the present results repre-
sent observations made at a single point in time.
Therefore, the causal relationship between exercise
habits and dementia prevalence cannot be discussed
based on these results.

Conclusion
In the 2018 survey, the presence/absence of dementia,
PS, and exercise habits was investigated in individual
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Table 10 The basic background factors of patients treated by main three kinds of dialysis methods

Treatment Mean age (years Mean dialysis vintage Percentage of male Percentage of patients with
methods old) (years) patients diabetes

Facility hemodialysis ~ 70.0 6.7 65.2 57.5

Hemodiafiltration 67.2 84 659 539

Peritoneal dialysis 63.8 29 659 522

Table 11 The basic background factors of patients sorted by different dialysis vintage

Background factors Dialysis vintage (year)
<5 5<,<10 10<,<20 20< Total
Percentage of patients treated by each method Facility hemodialysis 584 5238 50.1 433 54.1
Hemodiafiltration 36.7 45.1 485 518 423
Peritoneal dialysis 48 19 0.6 0.2 29
Others 0.1 03 038 48 0.7
Percentage of male patients 68.8 66.7 62.0 538 65.7
Percentage of patients with diabetes 629 62.3 474 14.5 56.1
Mean age (years old) of each dialysis vintage patients 69.9 69.2 67.9 66.6 69.1

This tabulation was performed on all dialysis patients
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Fig. 11 Trend in performance status: under 60 years old. The numbers in the figure indicate the percentages for each year. Data in 1998 and
2018 are for all dialysis patients, while the data in 2009 is only for patients who were receiving hemodialysis at a facility 3 times/week. Data were
obtained from the patient survey
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-

Fig. 13 Trend in performance status: 75 years or older. The numbers in the figure indicate the percentages for each year. The data in 1998 and
2018 are for all dialysis patients, while the data in 2009 is only for those patients who were receiving hemodialysis at a facility 3 times/week. Data
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dialysis patients. The dementia prevalence in the dialysis
patients overall was 10.8% (1.8% in the less than 65 years
age group, 6.8% in the 65-74 years age group, and 22.7%
in the 75 years or older age group). An analysis of the
patients’ PS revealed that the percentage of patients with
low activity levels (high PS scores) tended to be relatively
high in the less than 15-year-old and 60 years or older
age groups. An analysis of the exercise habits revealed
that the percentage of patients selecting the choice of
“Not at all or hardly” was the highest (60-80%) in each

age group.
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According to the annual survey of the Japanese Society for Dialysis Therapy Renal Data Registry (JRDR) conducted
at the end of 2018, a total of 339,841 patients were receiving dialysis (hereinafter, dialysis patients) in Japan. This
survey included an investigation of individual test results for hepatitis B surface antigen (HBsAg), hepatitis C virus
(HCV) antibody (HCV-Ab), HCV-RNA, and serum alanine aminotransferase (ALT) (glutamic pyruvic transaminase
[GPT]). The survey revealed that among dialysis patients in Japan, the prevalence of HBsAg positivity was 1.38% and
the prevalence of HCV-Ab positivity was 4.7% at the end of 2018, both of which were markedly lower than the
corresponding rates documented in 2007 (9.8% and 4.7%, respectively). The proportion of HCV-RNA-positive
patients among all HCV-Ab-positive patients was 37.5%, which was also markedly lower than the percentage
recorded in 2007 (64.0%). The prevalence of HBsAg positivity tended to increase as the dialysis vintage increased.
The prevalence of HCV-Ab positivity was also not correlated with the dialysis vintage during the first 30 years of
dialysis; however, it tended to increase as the dialysis vintage increased beyond the 30th year.

Trial registration: University hospital Medical Information Network (UMIN) Clinical Trials Registry, UMINO00018641.
The JRDR was approved by the ethics committee of the JSDT (approval number 1-3) and was registered on August

Introduction

Since 1968, the Japanese Society for Dialysis Therapy
(JSDT) has conducted a survey of the status of chronic
dialysis treatment in Japan at the end of every year. This
survey, known as the JSDT Renal Data Registry (JRDR),
covers nearly all dialysis facilities throughout the country
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[1, 2]. Although these facilities participate in the survey
voluntarily, the response rate is nearly 100%; conse-
quently, this survey accurately represents the current
status of regular dialysis in Japan. The 2018 JRDR survey
contained several topics, such as the kinetics of chronic
dialysis patients and dialysis facilities as of the end of
2018, water treatment and hemodiafiltration, peritoneal
dialysis, treatments for diabetes, mental and physical
conditions, and the present status of viral hepatitis. The
present review paper is an English translation of the re-
sults, which were reported in Japanese, regarding the
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seroprevalences of hepatitis virus markers among dialysis
patients obtained from the JRDR survey conducted at
the end of 2018 and published in the Journal of the Japa-
nese Society for Dialysis Therapy [3].

Materials and methods

JRDR consists of two surveys: a facility survey and a
patient survey. The facility survey investigated details
of the facility, such as the number of patients treated
and the number of beds, while the patient survey in-
vestigated the patient backgrounds, such as the age
and treatment method of individual patients treated
at the facility. Spreadsheets created using spreadsheet
software for personal computers were used for the
surveys. Each patient was allocated one line of re-
sponse space on the patient survey spreadsheet. Indi-
vidual patient information was added to the
spreadsheet by facility staff, rather than being an-
swered directly by the individual patient.

The details of the survey of dialysis patients con-
ducted in 2018 are available in a report describing
the basic data of 2018 survey [4]. The survey included
questions designed to investigate hepatitis-related
items. The hepatitis B surface antigen (HBsAg), hepa-
titis C virus (HCV) antibody (HCV-Ab), and HCV-
RNA statuses were investigated using the options
shown in Table 1. These items were surveyed for all
the patients included in this study. Information on
the basic survey items was collected in the patient
surveys from 327,336 patients. Among the patients
whose information was available, 269,898 patients
(82.5%) provided information on their HBsAg status,
269,667 patients (82.1%) provided information on
their HCV-Ab status, and 91,334 patients (27.9%)
provided information on their HCV-RNA status. Valid
information regarding a question on the serum ala-
nine aminotransferase (ALT) level was collected from
281,331 patients (85.9%).

The prevalence of positivity for each of the indicators
was calculated using the equation shown below.

Prevalence of positivity(%) = Number of patients with a
positive test result + [number of patients with a positive test result
+number of patients with a negative test result] x 100

Table 1 Survey items and options used for hepatitis survey

HBs antigen HCV antibody HCV-RNA

A. HBs antigen- A. HCV antibody- A. HCV-RNA-
negative negative negative

B. HBs antigen-positive  B. HCV antibody-positive  B. HCV-RNA-positive
Z. HBs antigen- Z. HCV antibody- Z. HCV-RNA-
unknown unknown unknown
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The prevalences of HBsAg positivity and HCV-Ab
positivity were calculated for all the patients whose in-
formation for each item was valid.

In the trend analyses of these prevalences, exponential
function regression was performed by plotting the preva-
lence of positivity among all dialysis patients recorded
during each survey year along the y-axis and the year
along the x-axis. The regression equation was deter-
mined using the least square method. JMP ver.15.2.0
(SAS Institute Inc.) was used as the analysis software.

Results

Trend in the prevalence of HBsAg positivity

Figure 1 graphically represents the changes over time in
the prevalence of HBsAg positivity among all dialysis pa-
tients during the period from 1999 to 2018 [5-9] (Supple-
mentary Table 1). The prevalence of HBsAg positivity
remained almost unchanged at about 2% from 1999 to
2007. During the interim period of 11 years between 2007
and the current survey conducted in 2018, the prevalence
of HBsAg positivity decreased markedly to 1.38%.

Figure 2 shows the results of an exponential function
regression analysis, with the prevalence of positivity re-
corded at 5 time-points during the 1999-2007 period
plotted along the y-axis and the year plotted along the x-
axis. The prevalence of positivity in 2018 was 1.38%,
which was considerably lower than the rate predicted by
the regression formula.

Dialysis vintage and the prevalence of HBsAg positivity
Figure 3 shows the relationship between the dialysis vin-
tage and the prevalence of HBsAg positivity in the
current survey (Supplementary Table 2). The prevalence
of HBsAg positivity was lowest (1.18%) in the group of
patients with a dialysis vintage of less than 2 years. The
prevalence of positivity increased steadily as the dialysis
vintage increased.

Age and the prevalence of HBsAg positivity

Table 2 shows the relationship between the patients’ age
and the prevalence of HBsAg positivity in the current
survey. The prevalence of HBsAg positivity was highest
between the ages of 60 and 74.

Treatment method and the prevalence of HBsAg
positivity

Table 3 shows the relationship between the patients’ treat-
ment methods and the prevalence of HBsAg positivity in
the current survey. The prevalence of HBsAg positivity
was highest among hemofiltration patients (10.00%),
followed by blood adsorption dialysis patients (2.91%).
The third highest prevalence of HBsAg positivity was
among hemodialysis patients (1.48%). The prevalence of
HBsAg positivity among peritoneal dialysis patients
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(1.43%) was slightly lower than that among hemodialysis
patients. The prevalence of HBsAg positivity among
hemodiafiltration patients (1.20%) was lower than that
among hemodialysis patients. The prevalence of HBsAg
positivity among home hemodialysis patients (0.91%) was
the lowest, compared with those among patients undergo-
ing the five other types of dialysis treatments.

Trend in the prevalence of HCV-Ab positivity
Under this survey program, HCV-Ab seroprevalence was
first investigated in 1999. Thereafter, it was investigated every

year from 1999 to 2003; HCV-Ab seroprevalence was not ex-
amined in 2004 and 2005, but it was once again included in
the survey in 2006 and 2007 [1]. After 2007, the investigation
was discontinued for 11 years, until it was resumed in the
current survey. Figure 4 shows the changes in the prevalence
of HCV-Ab positivity during the 8 years for which data is
available (1999 through 2003, 2006, 2007, and 2018) [5-11]
(Supplementary Table 3).

The prevalence of HCV-Ab positivity tended to de-
crease gradually from 1999 to 2007. In 2018, it was 4.7%,
which was markedly lower than the rate recorded in

Table 2 The prevalence of HBs antigen-positive patients sorted by their age, at the end of 2018

Age HBs antigen- HBs antigen- Subtotal Unspecified No data Total HBs antigen positivity
(years old) negative positive available prevalence (%)
<15 47 0 47 I 30 88 0.00

15 <, <30 656 1 657 27 161 845 0.15

30 <, <45 9976 61 10,037 347 1761 12,145 061

45 <, <60 47,936 639 48,575 1768 8353 58,696 132

60 <, < 75 113,627 1975 115,602 3984 20,249 139,835 1.71

75 <,<90 87,944 1003 88,947 3188 16,093 108,228 1.13

90 < 5990 43 6033 251 1215 7499 0.71

Subtotal 266,176 3722 269,898 9576 47,862 327336 1.38

Unspecified 0 0 0 0 0 0

No data available 0 0 0 0 0 0

Total 266,176 3722 269,898 9576 47,862 327336 1.38

Mean 69 68 69 69 69 69

SD? 12 1 12 13 13 13

The data were obtained from the patient survey
#Standard deviation
HBs hepatitis B surface
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Table 3 The prevalence of HBs antigen-positive patients sorted by their treatment method, at the end of 2018

Treatment method HBs: hepatitis B HBs antigen- Subtotal Unspecified No data Total HBs antigen positivity
surface positive available prevalence (%)
Hemodialysis 158,700 2382 161,082 5127 28,270 194, 148
479
Hemodiafiltration 99,864 1213 101,077 4,023 16,534 121, 1.20
634
Hemofiltration 9 1 10 0 2 12 10.00
Blood adsorption 1202 36 1238 37 159 1434 291
dialysis
Home hemodialysis 544 5 549 15 144 708 091
Peritoneal dialysis 5857 85 5942 374 2753 9069 143
Subtotal 266,176 3722 269,898 9576 47,862 327, 138
336
Unspecified/no data 0 0 0 0 0 0
available
Total 266,176 3722 269,898 9576 47,862 327, 138
336

The data were obtained from the patient survey
HBs hepatitis B surface

2007 (9.8%). Figure 5 illustrates the results of an expo-
nential function regression analysis, with the preva-
lence of HCV-Ab positivity recorded at 7 time-points
during the 1999-2007 period plotted along the y-axis
and the year plotted along the x-axis. The prevalence
of HCV-Ab positivity (4.7%) in 2018 was approxi-
mately equal to the prevalence predicted by the re-
gression formula.

Dialysis vintage and the prevalence of HCV-Ab positivity
Figure 6 graphically represents the relationship between the
dialysis vintage and the prevalence of HCV-Ab positivity
(Supplementary Table 4). Until a dialysis vintage of 25 years,
the prevalence of HCV-ADb positivity was almost constant at
4.0-4.7%. However, at dialysis vintages of more than 25 years,
the prevalence of HCV-ADb positivity increased linearly as the
dialysis vintage increased.
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Table 4 shows the relationship between the patients’ age  positivity

and the prevalence of HCV-AD positivity in the current Table 5 shows the relationship between the patients’
survey. Similar to the prevalence of HBsAg positivity, in  treatment methods and the prevalence of HCV-Ab posi-
patients between the ages of 60 and 74, the prevalence tivity in the current survey. The prevalence of HCV-Ab
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Table 4 The prevalence of HCV antibody-positive patients sorted by their age, at the end of 2018

Age (years HCV antibody- HCV antibody- Subtotal Unspecified No data Total HCV antibody positivity rate

old) negative positive available (%)

<15 47 0 47 11 30 88 0.00

15 <, <30 655 5 660 24 161 845 0.76

30 <,<45 9856 139 9995 358 1792 12,145 1.39

45 <, < 60 46,430 1954 48,384 1777 8535 58696 4.04

60 <, <75 108,983 6145 115128 4079 20,628 139, 534
835

75<,<90 84,163 4275 88438 3305 16,485 108, 483
228

90 < 5799 216 6015 244 1240 7499 359

Subtotal 255933 12,734 268,667 9798 48,871 327, 474
336

Unspecified 0 0 0 0 0 0

No data 0 0 0 0 0 0

available

Total 255,933 12,734 268,667 9798 48,871 327, 474
336

Mean 69 70 69 69 69 69

SD? 13 1 12 13 13 13

The data were obtained from the patient survey
#Standard deviation
HCV hepatitis C virus

patients (18.04%). The second highest prevalence of
HCV-ADb positivity was among hemodiafiltration patients
(4.92%). The prevalence of HCV-Ab positivity among
hemodialysis patients (4.62%) was slightly lower than
that among hemodiafiltration patients. The prevalence
of HCV-Ab positivity among patients undergoing

peritoneal dialysis (2.45%) was much lower than that
among patients undergoing hemodialysis. The preva-
lence of HCV-Ab positivity among home hemodialysis
patients (1.84%) was even lower than that among peri-
toneal dialysis patients. The prevalence of HCV-Ab posi-
tivity among hemofiltration patients was 0.0%. Since the

Table 5 The prevalence of HCV antibody-positive patients sorted by their treatment method, at the end of 2018

Treatment method HCV antibody- HCV antibody- Subtotal Unspecified No data Total HCV antibody positivity
negative positive available rate (%)

Hemodialysis 152,905 7413 160,318 5205 28,956 194, 462

479
Hemodiafiltration 95,677 4946 100,623 4147 16,864 121, 492

634
Hemofiltration 8 0 8 2 2 12 0.00
Blood adsorption 995 219 1214 40 180 1434 1804
dialysis
Home hemodialysis 533 10 543 20 145 708 1.84
Peritoneal dialysis 5815 146 5961 384 2724 9069 245
Subtotal 255933 12,734 268,667 9798 48,871 327, 474

336
Unspecified/no data 0 0 0 0 0 0
available
Total 255,933 12,734 268,667 9798 48,871 327, 474

336

The data were obtained from the patient survey
HCV hepatitis C virus
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number of hemofiltration patients was very small (only
12), the prevalence of HCV-Ab positivity observed in
this survey should be interpreted with caution.

HCV-Ab and HCV-RNA

The HCV-RNA test is a test that measures the presence/
absence of hepatitis C virus antigen. Figure 7 shows the
results of the distribution of HCV-Ab and HCV-RNA
among the 90,023 patients who underwent both mea-
surements in the current survey (Supplementary Table
5). The results revealed that 92.6% of the patients tested
negative for both HCV-Ab and HCV-RNA, while 2.7%
tested positive for both.

In the 8-year period from 1999 to 2018, both HCV-Ab
and HCV-RNA were measured. Figure 8 shows the
trend in the prevalence of HCV-RNA positivity among
HCV-Ab-positive patients in each of those 8 years [5—
11] (Supplementary Table 3). The rate rose steadily each
year until 2003 and then began to decrease from 2006.

ALT (GPT)

Figure 9 shows the data regarding the serum ALT level
in HBsAg-positive and HBsAg-negative patients (Supple-
mentary Table 6), while Fig. 10 shows the data regarding
the serum ALT level in HCV-Ab-positive and HCV-Ab-
negative patients (Supplementary Table 7). Figure 11
shows the data regarding the serum ALT level in HCV-
RNA-positive and HCV-RNA-negative patients in the
HCV-Ab-positive group (Supplementary Table 8).
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The serum ALT level was less than 30 IU/L in most of
the above groups of patients.

Discussion
Trend in the prevalence of HBsAg positivity
Within the framework of this survey program of our soci-
ety, HBsAg determination was first performed in 1971. In
that investigation, HBsAg was called “Australia antigen
(Au antigen).” This survey represented the first investiga-
tion of the epidemiological background of individual pa-
tients within the framework of this survey program [12].
According to the report on that survey, the total number
of patients undergoing maintenance hemodialysis in Japan
was 1994 as of the end of 1971. Of these patients, 1826
were undergoing hemodialysis using either the Kiil-type
or Kolf-type dialyzer. The patients, both males and fe-
males, were predominantly from the age group of 26-30
years. Information on Au antigen (HBsAg) collected from
1055 of these patients revealed 103 positive cases and 952
negative cases, corresponding to a prevalence of HBsAg
positivity of 9.76% [12] (prevalence of Au antigen positiv-
ity = number of Au antigen-positive patients + [number of
Au antigen-positive patients + number of Au antigen-
negative patients]). After the investigation in 1971, the
next investigation of HBsAg was conducted 28 years later,
in 1999 [5]. The prevalence of HBsAg positivity in 1999
was 2.09%, which was much lower than the rate of 9.76%
recorded in 1971.

From 1999 to 2007, the prevalence of HBsAg positivity
remained almost unchanged at about 2% (Fig. 1). In the
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current survey conducted in 2018, which was 11 years
after the last investigation, the prevalence of HBsAg
positivity was 1.38%; this prevalence was markedly lower
than the last recorded data in 2007. Exponential function
regression was performed by plotting the prevalence of
HBsAg positivity among all the dialysis patients at 5
time-points during the 1999-2007 period along the y-
axis and the year along the x-axis, and the prevalence of
HBsAg positivity (1.38%) in 2018 was considerably lower
than the rate predicted by the regression formula (Fig.
2). This result indicates that the prevalence of HBsAg
positivity among dialysis patients in Japan improved in a
non-continuous manner during the 11-year period from

2007 to 2018. The reason for this change remains unex-
plained. Regarding the general population in Japan, as of
the year 2000, the prevalence of HBsAg positivity was
reportedly highest (1.37%) among subjects born between
1946 and 1950 and was lower in other age groups [13].
The cohort born between 1946 and 1950 was aged 50 to
54 years old in 2000. The age of this cohort as of 2018
was 68 to 72 years, which overlaps with the 70-74 age
group (which had the highest proportion of positivity
among the dialysis patients in the 2018 survey). The
prevalence of HBsAg positivity among dialysis patients
seems to be higher than the rate in the general popula-
tion, even as of 2018, although we cannot arrive at a
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definitive conclusion about this tendency because of var-
iances in the age distributions and years of investigation.

Dialysis vintage and the prevalence of HBsAg positivity

An analysis of the relationship between the dialysis vintage
and the prevalence of HBsAg positivity revealed that the
prevalence of HBsAg positivity was lowest in the group
with a dialysis vintage of less than 2 years, with the rate in-
creasing steadily with increases in the dialysis vintage
thereafter (Fig. 3). Figure 12 graphically represents the re-
lationship between the dialysis vintage and the prevalence
of HBsAg positivity in the 2007 survey, enabling a com-
parison of the 2007 survey data with the data from the

current survey [9] (Supplementary Table 9). Overall, the
prevalence of positivity was higher in 2007 than in 2018.
However, the results of the 2007 survey revealed that the
prevalence of positivity increased gradually as the dialysis
vintage increased, similar to the tendency observed in the
2018 survey.

The group of patients covered in the 2007 survey had
started receiving maintenance dialysis in or before 2007.
The group of patients with a dialysis vintage of 10 years or
longer covered in the 2018 survey was initiated on main-
tenance dialysis beginning in or before 2008. These two
groups of patients may thus be considered as constituting
approximately the same cohort. A comparison of the prev-
alences of HBsAg positivity in the 2007 and 2018 surveys,
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paying close attention to the aforementioned patient co-
hort, revealed that the prevalence of positivity in the 2018
survey was lower than that in the 2007 survey. This trend
was more marked among patients with a longer dialysis
vintage. In other words, the prevalence of positivity in the
group of patients with a dialysis vintage of 10-25 years in
the 2018 survey accounted for 85% of the prevalence of
positivity in the group of patients with a dialysis vintage of
0-15 years in the 2007 survey. These two groups of pa-
tients constitute approximately the same patient cohort.
The prevalence of positivity in the group of patients with
a dialysis vintage of 40 years or more in the 2018 survey
accounted for about 63% of the prevalence of positivity in
the group of patients with a dialysis vintage of 30 years or
more in the 2007 survey. These two groups also consti-
tuted approximately the same patient cohort. These re-
sults may be interpreted as suggesting a tendency towards
seroconversion (from HBsAg-positive to HBsAg-negative)
or dropout because of death during the 10-year interval
between the two surveys.

In the survey conducted in 2018, the group of patients
with a dialysis vintage of less than 10 years (who were
initiated on maintenance dialysis in or after 2009)
showed a tendency towards a gradual increase in the
prevalence of HBsAg positivity as the dialysis vintage in-
creased (Fig. 3). This suggests that, even at present, a
certain number of patients newly develop hepatitis B in-
fection after the initiation of hemodialysis.

Age and the prevalence of HBsAg positivity

In patients between the ages of 65 and 74 years, the
prevalence of HBsAg positivity was highest. This result
may be related to the tendency of the patients between
the ages of 65 and 74 years to have a longest dialysis vin-
tage (Supplementary Table 10).

Treatment method and the prevalence of HBsAg
positivity

The prevalence of HBsAg positivity was highest among
hemofiltration patients. However, the number of hemo-
filtration patients was very small (only 12), so this value
should be interpreted with caution. The prevalence of
HBsAg positivity among blood adsorption dialysis pa-
tients was second highest. This result may be related to
these patients having very long dialysis vintages (Supple-
mentary Table 11). Of note, the prevalence of HBsAg
positivity among hemodiafiltration patients was lower
than that among hemodialysis patients, even though the
dialysis vintage of the hemodiafiltration patients tended
to be longer than that of the hemodialysis patients. The
dialysis vintage of peritoneal dialysis patients is consider-
ably shorter than that of hemodialysis patients. However,
the prevalence of HBsAg positivity among peritoneal
dialysis patients was nearly equal to that among
hemodialysis patients, even though peritoneal dialysis
patients do not require extracorporeal circulation.



Nitta et al. Renal Replacement Therapy (2021) 7:22

Trend in the prevalence of HCV-Ab positivity

When an exponential function regression analysis was
conducted, with the prevalence of HCV-Ab positivity re-
corded at 7 time-points during the 1999-2007 period
plotted along the y-axis and the year plotted along the x-
axis, the prevalence of HCV-Ab positivity tended to
decrease steadily over time, and the reported prevalence
of HCV-Ab positivity in 2018 (4.7%) was approximately
equal to the rate predicted by the regression curve (Fig. 5).
This finding may be interpreted as suggesting that the
prevalence of HCV-Ab positivity among all dialysis pa-
tients has continued to decrease at an approximately con-
stant pace during the past 2 decades. However, we cannot
rule out the possibility that this interpretation is erroneous
for the reason discussed in the next section.

Dialysis vintage and the prevalence of HCV-Ab positivity

When the prevalence of HCV-Ab positivity was analyzed
according to dialysis vintage, the prevalence of positivity
remained almost unchanged at 4.0-4.7% when the dialy-
sis vintage was less than 25 years, but the prevalence of
positivity increased linearly as the dialysis vintage in-
creased after 25 years (Fig. 6). The year 1993 was 25
years before 2018. The result mentioned above suggests
that the prevalence of HCV-Ab positivity did not in-
crease with time among the patients who began receiv-
ing maintenance dialysis around or after 1993. As
reference data, Fig. 13 shows the relationship between
the dialysis vintage and the prevalence of HCV-Ab posi-
tivity in the previous survey performed in 2007 [9] (Sup-
plementary Table 12). In the survey conducted in 2007,
the prevalence of positivity remained almost unchanged
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at 7.6-7.9% among patients with a dialysis vintage of less
than 15 years, but it increased linearly as the dialysis vin-
tage increased beyond 15 years. The year 1992 was 15
years before 2007. This result also suggests that the
prevalence of HCV-ADb positivity did not increase among
the patients who began receiving maintenance dialysis
around or after 1992. Hepatitis C virus was discovered
in 1989. After the discovery of this virus, the incidence
of hepatitis C associated with blood transfusion de-
creased sharply [14, 15]. The treatment of renal anemia
using an erythropoietin preparation in dialysis patients
began to be covered by the national health insurance
program in Japan in 1990 and transfusion therapy for
anemia in dialysis patients decreased sharply thereafter.
Consequently, the decrease in the prevalence of HCV-
ADb positivity after the year 1992 or 1993 could be inter-
preted as reflecting these improvements in the treatment
of anemia in dialysis patients.

As described in the section on HBsAg, the group of
patients with a dialysis vintage of 10-24 years covered
by the 2018 survey can be considered being approxi-
mately equivalent to the group of patients with a dialysis
vintage of 0—14 years covered by the 2007 survey. The
prevalence of HCV-Ab positivity in this group was 4.1—
4.7% in the 2018 survey, which was about 2/3 of the rate
of 7.6-7.8% estimated in the corresponding group in the
2007 survey. In general, patients are unlikely to test
negative for HCV-Ab once they have tested positive.
Here, we may assume that the low prevalence of HCV-
Ab positivity in the current survey can be attributed to a
reduction in HCV-Ab-positive patients because of death.
If this assumption is valid, the prevalence of positivity
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could be considered as showing a tendency towards a
gradual reduction with increasing dialysis vintage. How-
ever, the survey results did not indicate such a trend.
Furthermore, the prevalence of positivity in the group of
patients with a dialysis vintage of less than 10 years was
also 4.0—4.5%, which was approximately equal to the rate
in the patient group with a dialysis vintage of 10-24
years. We may therefore judge that the dropout of
HCV-Ab-positive patients because of death was not re-
sponsible for the lower prevalence of HCV-Ab positivity
in the current survey in the group of patients that was
initiated on dialysis in or after 1992-1993, compared
with the prevalence of positivity documented in the
same group in the previous survey conducted in 2007.
The reason for the lower prevalence of HCV-Ab positiv-
ity in the current survey, compared with that in the 2007
survey, remains uncertain. One potential explanation is
that the methods used for HCV-ADb testing have changed
during the last decade. HCV antibody testing methods
can be classified into three generations (first, second,
and third) depending on the region of the viral antigen
used for antibody detection. Later generations of testing
methods detect a wider range of antigens. The latest 3rd
generation inspection methods were developed in the
late 1990s, and these 3rd generation inspection methods
became widespread in the 2000s. In general, the differ-
ence in detection sensitivity between the 2nd generation
test method and the 3rd generation test method for
HCV antibody is thought to be minimal [16]. However,
the difference between the prevalence of HCV-Ab posi-
tivity in the 2007 survey and that in the 2018 survey
may partly reflect the difference in detection sensitivity
between 2nd generation and 3rd generation HCV anti-
body test methods.

As mentioned in the preceding section, the preva-
lence of HCV-Ab positivity among all dialysis patients
included in the 2018 survey was approximately equal
to the rate predicted from the changes over time for
the prevalence of HCV-Ab positivity during the
1999-2007 period. If we assume that the prevalence
of HCV-Ab positivity at present is, for some reason
or other, equivalent to about 2/3 of the prevalence of
HCV-Ab positivity recorded with the testing method
available in 2007, the prevalence of positivity in 2018
as predicted based on the changes over time during
the 1999-2007 period should be about 2/3 of the pre-
dicted value, i.e., equal to about 3%. In practice, how-
ever, the prevalence of positivity recorded in 2018
was 4.7%. This could be interpreted as suggesting that
the magnitude of the reduction in the prevalence of
HCV-Ab positivity among dialysis patients overall in
the 2018 survey was not as large as the reduction
predicted by the changes in the prevalence of HCV-
Ab positivity during the 1999-2007 period.
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Age and the prevalence of HCV-Ab positivity

Similar to the prevalence of HBsAg positivity, in patients
between the ages of 65 and 74 years, the prevalence of
HCV-ADb positivity was highest. This result may be re-
lated to the tendency of the patients between the ages of
65 and 74 years to have a longest dialysis vintage (Sup-
plementary Table 10).

Treatment method and the prevalence of HCV-Ab
positivity

The prevalence of HCV-Ab positivity was extremely
high among patients undergoing blood adsorption dialy-
sis. This observation is probably related to the very long
dialysis vintages of these patients, since the prevalence of
HCV-Ab positivity was significantly higher among pa-
tients with a dialysis vintage of over 25 years (Fig. 6,
Supplementary Table 4). Of note, unlike the prevalence
of HBsAg positivity, the prevalence of HCV-ADb positivity
in peritoneal dialysis patients was much lower than the
prevalence of HCV-Ab positivity among hemodialysis
patients. The dialysis vintage of peritoneal dialysis pa-
tients is considerably shorter than that of hemodialysis
patients. And as mentioned before, the prevalence of
HCV-Ab positivity increased much more than that of
HBsAg positivity along with the dialysis vintage. These
situations may have affected the difference in the preva-
lences of HCV-Ab and HBsAg positivity among the
patients.

HCV-Ab and HCV-RNA

An analysis of the distribution of HCV-Ab and HCV-
RNA among dialysis patients revealed that 92.6% of the
patients tested negative for both HCV-Ab and HCV-
RNA, while 2.7% tested positive for both (Fig. 7). As refer-
ence data, Fig. 14 shows the distribution of HCV-Ab and
HCV-RNA in the survey conducted in 2007 (analyzing 63,
098 patients; Supplementary Table 13). In 2007, 85.6% of
the patients tested negative for both HCV-Ab and HCV-
RNA, while 9.0% tested positive for both. Thus, the nega-
tivity rate for both antibody and RNA was 7.0 percentage
points higher in 2018 than in 2007, while the prevalence
of positivity for both was 6.3 points lower in 2018 than in
2007. Thus, one can say that the prevalence of positivity
for both antibody and RNA had decreased in 2018 to 1/3
or lower, compared with the rate recorded in 2007. For a
long time, no treatment was available for dialysis patients
with hepatitis C. In 2015, however, treatment with direct-
acting antivirals (DAAs) began to be covered by the na-
tional health insurance program in Japan. At present, the
treatment of hepatitis C using DAAs in dialysis patients is
also covered by the national health insurance program.
The clinical use of DAAs for the treatment of hepatitis C
may have contributed to the sharp drop in the percentage
of patients who tested positive for both HCV-Ab and
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HCV-RNA during the 11-year period from 2007 to 2018.
To test the validity of this hypothesis, we conducted the
following analysis.

In the current survey, HCV-RNA data was available for
50.2% of the HCV-Ab-positive patients, while similar data
was available for only 32.7% of the HCV-Ab-negative pa-
tients. These results suggest that HCV-RNA measure-
ments are less likely to be conducted for HCV-Ab-
negative patients. Thus, the difference in the percentage of
patients who have undergone HCV-RNA testing among
HCV-Ab-negative patients might have caused a bias in
the prevalence of HCV-RNA positivity. In other words, if
the percentage of patients undergoing HCV-RNA deter-
mination among the HCV-Ab-negative patients increased,
the number of HCV-RNA-negative patients would also in-
crease, causing a bias (reduction) in the prevalence of
HCV-RNA positivity among all the patients. To avoid
such a bias, we calculated the prevalence of HCV-RNA
positivity among the HCV-Ab-positive patients alone in
each survey year and analyzed the changes over time dur-
ing the 8-year period in which the HCV-Ab and HCV-
RNA statuses were determined (Fig. 8) [5—-11]. The rate
increased each year until 2003 but then began to decrease
from 2006 onwards. Figure 15 shows a scatter diagram,
with the prevalence of HCV-RNA positivity plotted along
the y-axis and the year plotted along the x-axis. Because a
tendency towards a reduction in the prevalence of HCV-
RNA positivity began to be noted in 2006, it was difficult
to judge based on this illustration alone whether the
prevalence of positivity in 2018 was lower than the rate
anticipated from the trend noted before 2007, i.e., whether
the start of the clinical application of DAAs in 2015
caused a decrease in the number of HCV-RNA-positive
patients.

ALT (GPT)

An analysis of the serum ALT level in HBsAg-positive and
HBsAg-negative patients revealed that the mean serum
ALT level was slightly lower in the HBsAg-negative pa-
tients (14.57 IU/L) than in the HBsAg-positive patients
(15.49 IU/L); however, large differences in the distribution
of patients with low and high serum ALT levels were not
seen between the two groups (Fig. 9). In a similar analysis
of the serum ALT level conducted among HCV-Ab-
positive and HCV-Ab-negative patients, the mean serum
ALT level was slightly lower in the HCV-Ab-negative pa-
tients (14.51 IU/L) than in the HCV-Ab-positive patients
(16.36 IU/L), although large differences in the distribution
of patients with high and low serum ALT levels were not
seen between the two groups (Fig. 10). These results indi-
cate that neither the HBsAg status nor the HCV-Ab status
exerted a significant impact on the serum ALT level in
dialysis patients.
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When the serum ALT levels in HCV-RNA-positive
and HCV-RNA-negative patients were analyzed only
among HCV-Ab-positive patients, the mean level was
higher in the HCV-RNA-positive patients (19.09 IU/L)
than in the HCV-RNA-negative patients (16.60 IU/L),
and an analysis of the patient distribution revealed a
lower percentage of patients with a serum ALT level of
less than 10 IU/L and a higher percentage of patients
with a serum ALT level in the range of 15-59 IU/L in
the HCV-RNA-positive group, compared with the HCV-
RNA-negative group (Fig. 11). These findings indicate
that seropositivity for HCV-RNA among the HCV-Ab-
positive patients tended to be associated with hepatic
impairment.

Conclusion

Among the dialysis patients in Japan, the prevalence of
HBsAg positivity was 1.38% and the prevalence of HCV-
Ab positivity was 4.7% as of the end of 2018. Each of
these rates was markedly lower than the corresponding
rate (9.8% and 4.7%, respectively) reported in the 2007
survey. The percentage of HCV-RNA-positive patients
among all the HCV-Ab-positive patients was 37.5%,
which was also much lower than the rate of 64.0% esti-
mated in 2007. The prevalence of HBsAg positivity
tended to be higher in patients with a longer dialysis vin-
tage. The prevalence of HCV-Ab positivity was not cor-
related with the dialysis vintage when the dialysis vintage
was less than 30 years, but it tended to increase as the
dialysis vintage increased after 30 years.
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