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Background: Multidisciplinary team-based integrated care (MDC) has been recommended for patients with chronic kidney disease
(CKD). However, team-based specific structured care systems are not yet established. Therefore, we investigated the efficacy of MDC
system and the optimal number of professionals that make up the team for maintaining kidney function and improving prognosis.
Methods: This nationwide, multicenter, observational study included 2,957 Japanese patients with CKD who received MDC from
2015 to 2019. The patients were divided into four groups according to the number of professionals in the MDC team. Groups A, B, C,
and D included nephrologists and one, two, three, and four or more other professionals, respectively. Changes in the annual decline
in estimated glomerular filtration rate before and after MDC were evaluated. Cox regression was utilized to estimate the correlation
between each group and all-cause mortality and the start of renal replacement therapy (RRT) for 7 years.

Results: The change in eGFR significantly improved between before and at 6, 12, and 24 months after MDC in all groups (all p <
0.0001). Comparing group D to group A (reference), the hazard ratio (HR) for all-cause mortality and the start of the RRT was 0.60
(95% confidence interval, 0.48-0.73; p < 0.0001) after adjustment for multiple confounders. Lower HR in group D was confirmed in
both diabetes and nondiabetes subgroups.

Conclusion: An MDC team comprised of five or more professionals might be associated with improvements in mortality and kidney
prognosis. Furthermore, MDC might be effective for treating CKD other than diabetes.

Keywords: Certified kidney disease educator, Chronic kidney disease, Estimated glomerular filtration rate, Kidney function, Multidisci-
plinary care, Renal replacement therapy

Introduction with chronic kidney disease (CKD) is increasing [1]. Be-
tween 2005 and 2015, the number and prevalence of CKD
With the global population aging, the number of patients  in the adult Japanese population increased from 13.3 mil-
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lion to 14.8 million and from 12.9% to 14.6%, respectively
[2]. Diabetes, hypertension, old age, dyslipidemia, obesity,
smoking, and lifestyle-related diseases are well known to
increase the risk of CKD, which is not only the primary risk
factor for end-stage kidney disease but also one of the most
significant risk factors for cardiovascular disease (CVD)
[3-5]. Delaying disease progression, reducing complica-
tions, and improving quality of life are the main objectives
of CKD therapy. Therefore, multifactorial intervention,
including blood pressure control and glycemic control, in
combination with lifestyle modification and dietary advice,
with multidisciplinary team-based integrated care, has
been highlighted as an important therapeutic strategy to
reach this objective [6].

The comprehensive treatment model is an interdisci-
plinary medical care system that integrates a variety of
professions with different but complementary abilities,
knowledge, and experience to improve healthcare and pro-
duce the best results to suit patients’ needs both physically
and psychologically [7,8]. In Japan, the Certified Kidney
Disease Educator (CKDE) system was established by the
Japan Kidney Association (JKA) in 2017 to prevent disease
progression and improve and maintain the quality of life
for patients with CKD [9]. Nurses, registered dietitians, and
pharmacists who were trained and meet certain require-
ments are eligible for qualification as a CKDE [9]. However,
even if multidisciplinary interventions are provided to
patients with CKD, no established systems for successful
treatment and care exist. Therefore, in this nationwide
multicenter cohort study, we analyzed the results of our
investigation into the impact of multidisciplinary care
systems on CKD patients. Moreover, we investigated the
optimal number of healthcare professionals that make up
a multidisciplinary care team for maintaining kidney func-
tion and improving prognosis.

Methods

The Ethics Committee of Nihon University Itabashi Hos-
pital approved the study (No. RK-220412-10), which was
conducted according to the 2015 Ethical Guidelines for
Medical and Health Research Involving Human Subjects
published by the Ministry of Education, Culture, Sports,
Science, and Technology and the Ministry of Health, Labor,
and Welfare and Japanese privacy laws. All procedures
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were performed based on the Helsinki Declaration. The
use of de-identified data allowed the requirement for in-
formed consent to be omitted. The registration number of
the study in the University Hospital Medical Information
Network is UMIN000049995.

Study design and participants

Approximately 3,000 Japanese patients who were enrolled
at 24 chosen medical institutions in Japan, which play a
key role in the treatment of CKD patients in each area,
were included in this nationwide multicenter study, which
was conducted by the committee for the evaluation and
dissemination of CKDE in the JKA. The study was intended
to reflect the treatment methods used by most Japanese
people. A total of 19 tertiary hospitals and five secondary
hospitals were included. Patients with CKD who received
continuous multidisciplinary care and had data on kid-
ney function available for the 12 months before and the
24 months after receiving multidisciplinary care in Japan
were tracked through the end of 2021, and the study peri-
od covered January 2015 to December 2019. Patients with
CKD who had at least one visit to a nephrologist and were
examined by a nephrologist to require more intensive
treatment with a multidisciplinary intervention were eli-
gible. The following criteria were used to exclude partici-
pants: age younger than 20 years; CKD stages 1 and 2, i.e.,
>60 mL/min/ 1.73 m” for estimated glomerular filtration
rate (eGFR); acute kidney injury; active malignant disease;
transplant recipient; history of long-term dialysis; received
multidisciplinary care in the past; and missing data on
age, sex, or kidney function. According to the number of
healthcare professionals on the multidisciplinary care
team, the patients were divided into groups A, B, C, and
D. The patients in group A were defined as patients who
received multidisciplinary medical care from nephrolo-
gists and another professional, either nurses or registered
dieticians. Patients in group B were defined as patients
who received multidisciplinary medical care from three
professionals, such as nurses and registered dieticians,
besides nephrologists. Patients in group C were defined as
patients who received multidisciplinary medical care from
four professionals, such as nurses, registered dieticians,
and pharmacists, besides nephrologists. Patients in group
D were defined as those who received multidisciplinary
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medical care from five or more professionals, including
nurses, registered dieticians, pharmacists, physical thera-
pists, clinical laboratory technicians, and social workers,
besides nephrologists. The patients were further separated
into two subgroups based on whether they had diabetes or
not. The quality of the educational content, which includ-
ed medical management, dietary recommendations, and
lifestyle changes, provided was maintained according to
the most recent CKD treatment manual or CKD Teaching
Guidebook for CKDEs published by the JKA [9,10]. Physical
therapists guide exercise therapy to prevent frailty and sar-
copenia, according to the Guideline for the Japanese Soci-
ety of Renal Rehabilitation (JSRR) [11]. Clinical laboratory
technicians explain the target values and significance of
kidney-related inspection items to patients with all stages
of CKD. Social workers provide patients and families with
information on available care services and social resources.

Data collection

The demographic and clinical parameters of the patients,
such as their age, sex, history of CVD, primary cause of
CKD, and body mass index (BMI), were recorded, as well
as hemoglobin, creatinine (Cr), urinary protein, serum
albumin, urea nitrogen, eGFR, and glycated hemoglobin
(HbA1c) for diabetes patients at baseline. CVD was defined
as hemorrhagic stroke, limb amputation, coronary artery
disease, and ischemic stroke. For Japanese patients, the
following formula was used to determine the eGFR: eGFR
(mL/min/1.73 m?) = 194 x serum Cr """ x age™***" (x0.739
for female) [12]. The eGFR values were obtained at 12
months before the intervention by multidisciplinary care
and at 6 months, 1 year, and 2 years after the intervention.
The annual change in the eGFR (mL/min/1.73 m’/year)
was calculated at each time point of measurement using
the following four formulas:

(1) [eGFR (baseline) — eGFR (at 12 months before multidis-
ciplinary care)];

(2) [eGFR (at 6 months after multidisciplinary care) - eGFR
(baseline)] x 2;

(3) [eGFR (at 12 months after multidisciplinary care) -
eGFR (baseline)]; and

(4) [eGFR (at 24 months after multidisciplinary care) -
eGFR (baseline)] x 1/2.

Urinary protein was calculated as the ratio of urinary
protein to creatinine (UPCR). The UPCR values were mea-
sured at the start of the intervention and at intervals of
6, 12, and 24 months. Method and place of intervention
(outpatient or inpatient), number or duration of the inter-
vention (number of visits for intervention for outpatients or
hospitalization days for inpatients), and type and number
of professionals were collected. The frequency of interven-
tion in outpatient settings, only visits for multidisciplinary
care were counted, not every facility visit. Composite out-
comes, including dates of all-cause death or the initiation
of RRT, were recorded until the composite endpoint was
reached or the end of 2021, whichever came earlier. Fur-
thermore, types of RRT, which are hemodialysis, peritoneal
dialysis, or kidney transplantation, were recorded.

Statistical analysis

The number and proportion of the data, the mean and
standard deviation, or the median (interquartile range
[IQR]) are presented. The intragroup comparison was an-
alyzed using two-tailed paired t tests. The chi-squared test
was used to analyze categorical variables, and the t test was
used to evaluate continuous variables. The repeated-mea-
sures analysis of variance was used to compare four groups,
with the appropriate use of the Kruskal-Wallis or Tukey’s
honestly significant difference tests. The log-rank test was
used to evaluate the composite endpoint between groups
after the Kaplan-Meier technique was used to estimate it.
There were both univariate and multivariate analyses using
Cox proportional hazards models adjusted for confounders
to examine associations between the number of special-
ists in multidisciplinary intervention and the composite
outcome during 7 years of follow-up. Age, sex, CVD histo-
ry, and presence or absence of diabetes were considered
when calculating the hazard ratios (HRs) using model 1. In
addition to the variables in model 1, eGFR and UPCR levels
at baseline were considered when calculating the HRs us-
ing model 2. In addition to the variables in model 2, model
3 was adjusted for baseline BMI, serum albumin, and he-
moglobin levels. Furthermore, based on whether a subject
had diabetes or not, subgroup analysis was performed.
Additionally, subgroup analysis was performed to evalu-
ate the composite endpoint as per CKD stages at baseline
in each group, four groups in each CKD stage at baseline,
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and according to different intervention settings, i.e., inpa-
tient-based or outpatient-based. HRs with 95% confidence
intervals (CIs) and p-values are used to express the mod-
el results. For the regression analyses, the imputation of
missing data was performed using conventional methods,
as necessary. JMP version 13.0 (SAS Institute Inc.) was uti-
lized for all analyses. Statistics were deemed significant at a
p-value of <0.05.

Results
Patient features at the multidisciplinary care initiation

Overall, 3,296 patients were enrolled in this study, but only
2,957 were eligible to proceed after 339 were discarded (Fig.
1). Table 1 displays the patient characteristics at the start
of multidisciplinary care. Of the patients, 74.1% were male,
with a mean age of 70.5 + 11.6 years. UPCR level was 1.09
g/gCr (0.23-2.98 g/gCr), and the mean eGFR level was 25.8
+ 12.5 mL/min/1.73 m® Diabetic kidney disease (42.9%)
was the most common primary disease of CKD, followed
by hypertensive nephropathy (33.0%) and chronic glo-
merulonephritis (13.4%). In terms of CKD stages, the most
frequent stage was G4 (42.3%), followed by G3b (26.1%)
and G5 (21.9%). The average number of professionals on
the multidisciplinary care team, including nephrologists,
was 3.8 + 1.2, and it differed significantly between second-
ary hospitals and tertiary hospitals, 4.3 + 0.6 and 3.5 + 1.2,

Patients with CKD who were treated with
multidisciplinary care from 2015 to 2019
(n = 3,296)

Exclusion criteria
eGFR 260 mL/min/1.73 m? (n = 115)
Age <20 years (n = 3)
> Follow-up <6 mo (n = 124)
Acute kidney injury (n = 14)
Lack of data for kidney function (n = 16)
Lack of data for outcomes (n = 67)

A4

Final cohort (n = 2,957)

Figure 1. Flowchart of study participants.
CKD, chronic kidney disease; eGFR, estimated glomerular filtra-
tion rate.
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Table 1. All participants’ baseline data

Variable Value
No. of patients 2,957
Male sex 2,192 (74.1)
Age (yr) 70.5+11.6
Body mass index (kg/m?) 242 +4.3
Serum Cr (mg/dL) 243+1.29
eGFR (mL/min/1.73 m?) 258+ 125
Annual decline of eGFR (mL/min/1.73 m2/yr) -59+72
Serum urea nitrogen (mg/dL) 31(23-43)
Hemoglobin (g/dL) 11.7+19
Serum albumin (g/dL) 3.8+0.5
Urinary protein (g/gCr) 1.09 (0.23-2.98)
Comorbidity of CVD 846 (28.6)
Comorbidity of diabetes 1,432 (48.4)
Glycated hemoglobin (for diabetes) 6.4+1.0
Primary cause of CKD
Diabetic kidney disease 1,269 (42.9)
Hypertensive nephropathy 975 (33.0)
Chronic glomerulonephritis 397 (13.4)
PCKD 87 (2.9)
Others 229 (7.8)
CKD stage
G3 (G3a + G3b) 1,060 (35.8)
G3a 288 (9.7)
G3b 772 (26.1)
G4 1,251 (42.3)
G5 646 (21.9)
No. of professionals of MDC team 38+1.2
2 656 (22.2)
3 398 (13.5)
4 902 (30.5)
5 976 (33.0)
6 2(0.8)
Membership of MDC team
Nurses 2,545 (86.2)
Registered dieticians 2,703 (91.5)
Pharmacists 1,885 (63.8)
Physical therapists 772 (26.1)
Clinical laboratory technicians 171 (5.8)
Social workers 8 (2.3)
Others 24 (0.8)

Data are expressed as number only, number (%), mean + standard devia-

tion, or median (interquartile range).

CKD, chronic kidney disease; Cr, creatinine; CVD, cardiovascular disease;
eGFR, estimated glomerular filtration rate; MDC, multidisciplinary care;

PCKD, polycystic kidney disease.
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respectively (p < 0.0001). The number of multidisciplinary
care team members comprising five professionals was
most common (33.0%), followed by four (30.5%) and two
(22.2%). Most of the multidisciplinary care team members
were registered dieticians (91.5%), followed by specific
nurses (86.2%), pharmacists (63.8%), and physical thera-
pists (26.1%).

The baseline patient characteristics were compared be-
tween the four groups based on the number of members
of the multidisciplinary care team. Table 2 compares the
baseline characteristics of the patients in the four groups

according to the number of multidisciplinary care provid-
ers. Male dominance, outpatient settings, higher levels of
urinary protein and serum albumin, and a higher rate of
diabetic kidney disease characterized groups A and B. Re-
garding kidney function severity, group A had the lowest
eGEFR levels at baseline and included the highest rate of
stage G5. Conversely, groups C and D were characterized
with higher rate of female patients, inpatient settings, lower
urinary protein levels, and a higher rate of hypertensive ne-
phropathy and stage G3.

Table 3 shows the details of the membership of the

Table 2. Comparison of patient’s characteristics according to the number of the multidisciplinary care team

Variable Group A Group B Group C Group D p-value
No. of patients 658 399 902 998 <0.0001
Male sex 481 (73.1) 371(92.9) 630 (69.9) 710 (71.2)
Age (yr) 69.2+125 71.2+10.6 69.9+12.1 719+ 10.8 <0.0001
Place of intervention <0.0001

Outpatient 641 (97.4) 366 (91.7) 178 (19.7) 8(0.8)

Inpatient 17 (2.6) 33(8.3) 724 (80.3) 990 (99.2)
Body mass index (kg/m?) 23.7+4.1 234 +35 245+ 4.6 244 +4.2 <0.0001
Serum Cr at baseline (mg/dL) 2.57 +1.38 2.30+£1.07 246 +1.36 2,26 +1.17 <0.0001
eGFR before 12 mo (mL/min/1.73 m?) 31.6+15.2 344 +14.1 34.1+15.8 329+ 12.7 0.13
eGFR at baseline (mL/min/1.73 m?) 24.8 + 13.0 26.5+12.2 26.1+12.9 271 +12.2 0.004
Serum urea nitrogen (mg/dL) 34 (24-49) 31 (24-41) 31(3-44) 30 (23-41) <0.0001
Hemoglobin (g/dL) 11.7+1.8 11.7+19 11.8+2.0 11.7+£1.9 0.39
Serum albumin (g/dL) 3.8+0.5 38+05 3.7+0.6 3.7+05 0.008
Urinary protein (g/gCr) 1.30(0.35-3.20) 1.39(0.25-3.34) 1.16(0.26-3.43) 0.86(0.17-2.43) 0.048
Comorbidity of CVD 203 (30.9) 91 (22.8) 220 (24.4) 333 (33.4) <0.0001
Comorbidity of diabetes 319 (48.5) 258 (64.7) 352 (39.0) 503 (50.4) <0.0001
Glycated hemoglobin (for diabetes) 6.4+1.0 6.3+0.8 65+11 64+11 0.009
Primary cause of CKD <0.0001

Diabetic kidney disease 300 (45.7) 234 (58.5) 301 (33.4) 434 (43.5)

Hypertensive nephropathy 164 (24.8) 96 (24.4) 361 (40.0) 354 (35.5)

Chronic glomerulonephritis 101 (15 4) 37 (9.0) 133 (14.8) 126 (12 6)

PCKD 8(2.7) 25 (6.3) 31(3.4) 3(1.3)

Others 5(11.4) 7(1.8) 76 (8.4) 71(7.1)
CKD stage <0.0001

G3 (G3a + G3b) 215 (32.8) 141 (35.2) 332 (36.8) 372 (37.3)

G3a 8 (10.4) 33(8.3) 97 (10.7) 0 (9.0)

G3b 147 (22.4) 108 (26.9) 235 (26.1) 282 (28.3)

G4 263 (40.0) 177 (44.7) 356 (39.5) 455 (45.6)

G5 180 (27.2) 81 (20.1) 214 (23.7) 171 (17.1)
All-cause death 0 (4.6) 16 (4.0) 4 (4.9) 8(3.8) 0.66
Initiation of RRT 172 (28.4) 73(19.1) 240 (28.5) 159 (16.9) <0.0001

Data are expressed as number (%), mean * standard deviation, or median (interquartile range).
Cr, creatinine; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; PCKD, polycystic kidney disease; RRT,

renal replacement therapy.
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Table 3. Healthcare professionals of the MDC teams in the four groups

Variable Group A Group B Group C Group D p-value

No. of patients 658 399 902 998 -

Membership of MDC team
Nurses 248 (37.7) 399 (100) 902 (100) 998 (100) <0.0001
Registered dieticians 410 (62.3) 395 (99.5) 901 (99.9) 998 (100) <0.0001
Pharmacists 0(0) 0( 889 (98.6) 996 (99.8) <0.0001
Physical therapists 0(0) (0X(¢} 1(0.1) 771 (77.3) <0.0001
Clinical laboratory technicians 0 (0) 0(0 0(0) 171 (17.2) <0.0001
Social workers 0(0) 0( 1(0.1) 7 (6.7) <0.0001
Others 0(0) 2 (0. 12 (1.3) 10 (1.0) 0.03

Data are expressed as number (%).
MDC, multidisciplinary care.

multidisciplinary care team in the four groups. group A
was composed of nephrologists and specific nurses or
registered dieticians. Group B was mostly composed of
nephrologists, nurses, and registered dieticians (99.5%).
Group C was mostly composed of nephrologists, nurses,
registered dieticians, and pharmacists (98.6%). Group D
included physical therapists, clinical laboratory techni-
cians, and social workers, besides nephrologists, nurses,
registered dieticians, and pharmacists. Most of the nurses
and registered dieticians were included in groups B, C, and
D, whereas pharmacists were included in groups C and D.
Frequency of multidisciplinary care for outpatient was 9.1
+ 4.5 times and duration of hospital stay for inpatient were
7 days (5-12 days).

Changes in Aestimated glomerular filtration rate and
urinary protein to creatinine levels before and after mul-
tidisciplinary care in the four groups

The mean annual decline in eGFR (AeGFR) was signifi-
cantly improved from -5.89 + 7.17 mL/min/1.73 m*/year
before multidisciplinary intervention to —0.44 + 5.21 mL/
min/1.73 m*/year at 6 months, —-1.52 + 6.09 mL/min/1.73
m’/year at 12 months, and —1.48 + 3.78 mL/min/1.73 m°/
year at 24 months after intervention (for all of them, p <
0.0001) (Supplementary Fig. 1, available online). As shown
in Fig. 2, the mean AeGFR was significantly improved from
before the multidisciplinary intervention to all time points
after intervention in all groups. The mean AeGFR before
intervention (AeGFR [-1 year]) in groups B and C was
-6.50 + 6.24 mL/min/1.73 m*/year, and -6.61 + 7.97 mL/
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min/1.73 m’/year, respectively, and a significant difference
existed between the groups (p = 0.005) (Supplementary
Table 1, available online). However, the AeGFR values for
the four groups did not significantly differ after 6, 12, or 24
months, following the intervention.

The median UPCR level was significantly decreased
from 1.09 g/gCr (0.23-2.98 g/gCr) at baseline to 1.00 g/
gCr (0.24-2.71 g/gCr) at 6 months, 0.89 g/gCr (0.21-2.38 g/
gCr) at 12 months, and 0.82 g/gCr (0.20-2.22 g/gCr) at 24
months (p < 0.0001 for all of them) (Supplementary Fig.
2, available online). Fig. 3A shows that the median UPCR
levels in group A significantly decreased from baseline to
6 and 12 months after the intervention. Conversely, the
UPCR levels in groups B, C, and D significantly decreased
from baseline at all time points after intervention (Fig. 3B-
D). The four groups had significantly different median
UPCR levels at baseline, and this difference persisted for
24 months after the intervention (Supplementary Table 2,
available online).

Outcomes

The median observation period was 36 months (IQR,
22-52 months), during which 128 patients (4.3%) died, 649
(22.0%) initiated RRT, and 59 (2.0%) were lost to follow-up;
2,121 patients (71.7%) of all patients were alive without
RRT. RRT consisted of hemodialysis in 527 patients (81.2%),
peritoneal dialysis in 61 (9.4%), and kidney transplantation
in 23 patients (3.5%).
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Figure 2. Annual changes in eGFR decline (AeGFR) in the 12 months before and 24 months after initiation of MDC. (A) Group A, (B)
group B, (C) group C, and (D) group D. Data are shown as the mean. Bars indicate the 95% confidence interval. *p < 0.0001 vs. before

the start of MDC.

eGFR, estimated glomerular filtration rate; MDC, multidisciplinary care.

Comparison of composite endpoints between the four
groups

There was a significant difference between the four groups
according to the Kaplan-Meier analysis for the compos-
ite endpoint (all-cause mortality and the start of RRT; p
< 0.0001, log-rank test) (Fig. 4). Compared with group A
(reference), the unadjusted HR for group D was significant-
ly lower, at 0.60 (95% CI, 0.49-0.74; p < 0.0001) (Table 4).
When background characteristics including age, sex, CVD
history, and whether or not one has diabetes have been
taken into account (model 1), a significantly decreased
HR of 0.57 (95% CI, 0.47-0.71; p < 0.0001) was observed in

group D. After adjusting for baseline eGFR and UPCR levels
in addition to the components in model 1 (model 2), group
D had a significantly lower HR of 0.57 (95% CI, 0.46-0.70;
p < 0.0001). Following another adjustment for BMI, serum
albumin, and hemoglobin levels at baseline in addition to
factors of model 2, group D had a significantly lower HR
(0.60; 95% CI, 0.48-0.73; p < 0.0001).

Subgroup analysis of the four groups based on whether
they had diabetes or not

The patients were split into two groups based on whether
they had diabetes or not. The composite endpoint for dia-
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MDC, multidisciplinary care; UPCR, urinary protein to creatinine ratio.

betes patients differed significantly across the four groups
according to Kaplan-Meier analysis (p < 0.0001, log-rank
test) (Fig. 5A). Cox proportional analysis revealed the un-
adjusted HR for the composite endpoint. Compared to that
in group A (reference), the HRs in groups B and D were
noticeably lower, which were at 0.70 (95% CI, 0.51-0.95; p
=0.02) and 0.59 (95% CI, 0.46-0.77; p < 0.0001) (Table 5).
Once background variables including sex, age, and CVD

8 www.krcp-ksn.org

history have been taken into account (model 1), the HRs in
groups B and D were 0.72 (95% CI, 0.52-0.98; p = 0.04) and
0.60 (95% CI, 0.46-0.78; p = 0.0001), respectively. Another
adjustment for HbAlc, eGFR, and UPCR level at baseline
in addition to the factors of model 1 (model 2), the HR in
groups B and D were 0.69 (95% CI, 0.49-0.97; p = 0.03) and
0.57 (95% CI, 0.43-0.76; p = 0.0002), respectively. After fur-
ther adjustment for BMI, serum albumin, and hemoglobin
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Figure 4. Japanese chronic kidney disease patients’ Kaplan-Meier curves for the occurrence of all-cause mortality and the start
of renal replacement therapy in four groups according to the number of professionals consisting of the multidisciplinary care
team. Group A vs. group B, p = 0.30; group A vs. group C, p = 0.41; group A vs. group D, p < 0.0001; group B vs. group C, p = 0.054;

group B vs. group D, p < 0.0001; group C vs. group D, p < 0.0001.

levels at baseline in addition to the factors of model 2, only
group D had a significantly lower HR of 0.55 (95% CI, 0.41-
0.75; p = 0.0002).

In patients with no diabetes, Kaplan-Meier analysis for
the composite endpoint revealed a significant difference
between all four groups (p < 0.0001, log-rank test) (Fig. 5B).
Group D had a considerably lower unadjusted HR for the
composite endpoint than group A (reference) (0.54; 95%
CI, 0.39-0.74; p = 0.0001). The HR in group D was 0.53 (95%
CI, 0.40-0.73; p = 0.0001) after background characteristics,
including age, sex, and a history of CVD, were adjusted
(model 1). After further adjustment for eGFR and UPCR
levels at baseline in addition to the factors of model 1
(model 2), the HR in group D was 0.70 (95% CI, 0.51-0.98; p
= 0.04). After further adjustment for BMI, serum albumin,
and hemoglobin levels at baseline in addition to factors of
model 2, group D had a significantly lower HR of 0.68 (95%

CI, 0.48-0.96; p = 0.03) as shown in Table 6.

Subgroup analysis based on chronic kidney disease stages
at baseline in each group, four groups in each chronic kid-
ney disease stage, and the inpatient or outpatient setting

All-cause mortality and the RRT initiation rate depended
on the disease stage in all groups. Substantial differences
(all p < 0.0001, log-rank test) were found in the composite
endpoint as per the CKD stage at baseline in each group
(Supplementary Fig. 3, available online). There was a sig-
nificant difference between the four groups in only stage
G4 according to the Kaplan-Meier analysis for the compos-
ite endpoint (all-cause mortality and the start of RRT; p <
0.0001, log-rank test) (Supplementary Fig. 4, available on-
line). There was no significant difference between the four
groups in other CKD stages.
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Table 4. In patients with chronic kidney disease, Cox proportional hazards models adjusted for confounding factors were used to com-
pare the groups according to the number of professionals, all-cause mortality, and the start of renal replacement therapy

Group Unadjusted Model 1 Model 2 Model 3
HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
A 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) -
B 0.88(0.69-1.12) 0.30 0.78 (0.61-1.00) 0.05 0.89(0.68-1.15) 0.37 0.81(0.87-1.29) 0.13
C 1.08 (0.89-1.31) 0.41 1.15(0.95-1.40) 0.16 1.17 (0.95-1.45) 0.13 1.06 (0.87-1.29) 0.51
D 0.60 (0.49-0.74) <0.0001 0.57 (0.47-0.71) <0.0001 0.57 (0.46-0.70) <0.0001 0.60(0.48-0.73) <0.0001

Age, sex, cardiovascular disease history, and the presence or absence of diabetes mellitus were all basic characteristics that were adjusted for in model 1.
Model 2 was adjusted for estimated glomerular filtration rate and urinary protein levels at baseline in addition to factors of model 1. Model 3 was adjusted
for body mass index, serum albumin, and hemoglobin levels at baseline in addition to factors of model 2.

Nephrologists in group A plus one professional; nephrologists in group B plus two professionals; nephrologists in group C plus three professionals; and ne-

phrologists in group D plus four or more professionals.
Cl, confidence interval; HR, hazard ratio.

The setting of multidisciplinary care was different be-
tween groups A, B and groups C, D. Subgroup analysis was
conducted according to outpatient and inpatient settings.
Composite endpoint was compared between groups A and
B in outpatient setting (Supplementary Fig. 5A, available
online), and between groups C and D in inpatient setting
(Supplementary Fig. 5B, available online). Although there
was no significant difference in groups A and B in outpa-
tient setting (Supplementary Table 3, available online),
group D showed significantly lower HR of 0.56 (95% CI,
0.45-0.69; p < 0.0001) compared with group C (reference)
after adjusted for all confounders in inpatient setting (Sup-
plementary Table 4, available online).

Discussion

Our nationwide cohort study demonstrated that the mul-
tidisciplinary care conducted by nephrologists with at
least another specialist could prevent the decline of eGFR
and reduce proteinuria levels for 2 years after multidisci-
plinary care. Furthermore, the multifactorial intervention
provided by a team comprised of five or more profession-
als, including nephrologists, has been shown to improve
patient outcomes for 7 years. The present study included
2,957 individuals from 24 facilities in Japan; therefore, the
large sample size drawn from a multicenter study is one of
its main advantages, along with the relatively long obser-
vation and the inclusion of a comparatively high number
of elderly patients. This study is the first to indicate that a
multidisciplinary care team with five or more professionals
may be able to prevent initiating RRT and reduce all-cause

10 www.krcp-ksn.org

mortality regardless of whether the CKD patients have dia-
betes or not. A multidisciplinary care team should include
a nephrologist and other professionals from other fields
and is recommended for those with stages 3 to 5 of CKD.
The mean annual decline of eGFR before multidisci-
plinary care was -5.9 mL/min/1.73 m” in this study. It
has been reported that when the eGFR falls below 45 mL/
min/1.73 m’ it declines at a rate of —-9.9 mL/min/1.73 m®/
year in diabetic nephropathy and —4.8 mL/min/1.73 m?/
year in hypertensive nephropathy until the initiation of
dialysis in Japanese CKD patients [13]. Furthermore, the
annual decline rate of eGFR from 45 mL/min/1.73 m?
to dialysis initiation was greater than the decline rate of
eGFR from 60 mL/min/1.73 m” to 45 mL/min/1.73 m* [13].
Therefore, annual decline of eGFR was higher in the pres-
ent study because the mean eGFR levels at baseline was
25.8 + 12.5 mL/min/1.73 m’ According to reports, poor
drug adherence has been linked to problems, CKD progres-
sion, unplanned hospitalization, higher medical expenses,
early impairment, and mortality [14,15]. Across disease
states, treatment protocols, and age groups, men have rela-
tively high discontinuous visit rates; the first few months of
treatment are when this rate is highest [16]. Most patients
with CKD, particularly those in stage 3, are asymptomatic,
and interruption of visits is one of their significant issues.
Reportedly, multidisciplinary care improves adherence
to management targets given in CKD guidelines, and this
adherence leads to an enhanced renal prognosis even in
patients with CKD stage G3 [17]. Collaborative integration
by multidisciplinary care professionals is critical in help-
ing patients modify their lifestyles and efficiently achieve
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Figure 5. Kaplan-Meier curves for the incidence of all-cause death and the start of renal replacement therapy in these patients.
Japanese chronic kidney disease patients with (A) and without (B) diabetes are divided into four groups based on the number of pro-
fessionals who make up the multidisciplinary care team. (A) Group A vs. group B, p = 0.002; group A vs. group C, p = 0.78; group A vs.
group D, p < 0.0001; group B vs. group C, p = 0.0004; group B vs. group D, p = 0.69; group C vs. group D, p < 0.0001. (B) Group A vs.
group B, p = 0.70; group A vs. group C, p = 0.82; group A vs. group D, p = 0.0001; group B vs. group C, p = 0.80; group B vs. group D, p
=0.02; group C vs. group D, p < 0.0001.
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Table 5. Diabetes patients with chronic kidney disease are compared between the four groups for all-cause mortality and the start of
renal replacement therapy using Cox proportional hazards models adjusted for confounding variables

Group Unadjusted Model 1 Model 2 Model 3
HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
A 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) -
B 0.70(0.51-0.95) 0.02 0.72(0.52-0.98) 0.04 0.69 (0.49-0.97) 0.03 1.13(0.87-1.46) 0.34
C 1.04 (0.81-1.32) 0.78 1.06 (0.83-1.35) 0.67 1.06 (0.80-1.41) 0.66 0.88(0.70-1.12) 0.30
D 0.59 (0.46-0.77) <0.0001 0.60(0.46-0.78) 0.0001 0.57(0.43-0.76) 0.0002 0.55(0.41-0.75) 0.0002

Age, sex, and cardiovascular disease history were all basic characteristics that were adjusted for in model 1. Model 2 was adjusted for estimated glomer-
ular filtration rate and urinary protein levels at baseline in addition to factors of model 1. Model 3 was adjusted for body mass index, serum albumin, and

hemoglobin levels at baseline in addition to factors of model 2.

Nephrologists in group a plus one other professional; nephrologists in group B plus two other professionals; nephrologists in group C plus three other pro-

fessionals; nephrologists in group D plus four or more other professionals.
Cl, confidence interval; HR, hazard ratio.

Table 6. Comparison of the all-cause mortality and the start of renal replacement therapy in patients without diabetes but with chronic
kidney disease between the four groups using Cox proportional hazards models adjusted for confounding factors

Group Unadjusted Model 1 Model 2 Model 3

HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
A 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) -
B 0.92(0.59-1.38) 0.70 0.95(0.61-1.45) 0.83 1.32(0.83-1.05) 0.24 1.25(0.72-2.07) 0.41
C 0.97 (0.74-1.28) 0.82 1.03(0.78-1.35) 0.86 1.15 (0.86-1.55) 0.35 1.06 (0.78-1.46) 0.71
D 0.54 (0.39-0.74) 0.0001 0.53(0.40-0.73) 0.0001 0.70(0.51-0.98) 0.04 0.68 (0.48-0.96) 0.03

Age, sex, and cardiovascular disease history were all basic characteristics that were adjusted for in model 1. Model 2 was adjusted for estimated glomer-
ular filtration rate and urinary protein levels at baseline in addition to factors of model 2. Model 3 was adjusted for body mass index, serum albumin, and

hemoglobin levels at baseline in addition to factors of model 2.

Nephrologists in group A plus one other professional; nephrologists in group B plus two other professionals; nephrologists in group C plus three other pro-

fessionals; nephrologists in group D plus four or more other professionals.
Cl, confidence interval; HR, hazard ratio.

treatment goals established by guidelines [18]. Although
the present study included 2,957 patients, only 2% of fol-
low-up on some patients was lost. However, we could not
evaluate whether the multidisciplinary care in this study
was able to successfully achieve behavioral modification,
improve patient compliance and adherence, and reduce
the discontinuation rate of outpatient visits. Nevertheless,
we believe that multidisciplinary care may be associated
with improved patient health literacy and the prevention of
worsening kidney function.

Nephrologists, dieticians, nurses, pharmacists, and social
workers generally make up the multidisciplinary care team
for patients with CKD, and each of them is crucial to the
management of these patients [8]. However, the present
study found that the composition of professionals in the
multidisciplinary care team varied significantly by insti-
tution and intervention method. Regarding intervention
methods, multidisciplinary care teams consisting of two or
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three professionals, including nephrologists, were primari-
ly delivered in outpatient settings, whereas teams of four or
more professionals were delivered in the inpatient setting.
Inpatient multidisciplinary care programs for patients with
CKD have not been implemented extensively in Western
countries, probably reflecting differences in the medical
insurance system between Japan and Western countries.
Although multidisciplinary care provided in an outpatient
setting is reimbursed for patients with diabetic kidney dis-
ease in Japan, it is not reimbursed for patients with other
etiologies of CKD. However, full reimbursement is available
for these patients if they are admitted to hospital. Accord-
ingly, interventions by pharmacists and physical therapists
are possible in the inpatient setting. Moreover, regard-
ing the number of healthcare professionals consisting of
multidisciplinary care teams, registered dieticians are the
most common, followed by specific nurses, pharmacists,
physical therapists, and the number of physical therapists
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is greater than that of social workers in Japan. As per re-
cent studies, kidney function is linked to physical activity
in people with CKD, and increasing physical activity levels
may slow the decline of kidney function [19-22]. There is a
guideline for exercise therapy for patients with predialysis
CKD and dialysis from the JSRR [11]. Consequently, physi-
cal therapists, preferably with CKD knowledge, were widely
used to treat CKD patients in Japan, and they must be con-
sidered members of multidisciplinary care teams. Our re-
sults showed that the most physical therapists were includ-
ed in group D. Therefore, further investigation would be
needed since the physical therapists might be a key player
in improving the prognosis of patients with CKD. Accord-
ing to a meta-analysis, CKD patients receiving multidisci-
plinary care had a considerably lower chance of dying from
any cause than those who were not receiving it [23]. How-
ever, when nephrologists and nurses made up the multi-
disciplinary care teams, there was no significant difference
in all-cause mortality between the multidisciplinary and
non-multidisciplinary care groups. Furthermore, it has
been hypothesized that the all-cause death rate for CKD
patients would decrease when the multidisciplinary care
team included not just nephrologists and nurses but also
experts from other specialties. A multidisciplinary care
team that only includes nephrologists and nurses might
not be the best choice for improving outcomes for CKD
patients according to a meta-analysis [23]. The present
study found that the intervention of at least one profes-
sional besides nephrologists can prevent the decline of
kidney function in CKD patients more than nephrologists
alone. Moreover, the present study revealed that a multi-
disciplinary care team consisting of five or more healthcare
professionals could provide the best outcomes, regardless
of any underlying CKD disease. However, further investi-
gations are needed to determine which professionals and
how many staff members comprise multidisciplinary care
teams that achieve the best outcomes.

A self-management program'’s overarching objective is to
empower and enable people to advance their knowledge
and abilities in self-management [24]. Therefore, it helps
diabetes patients lower their risk of developing long-term
microvascular and macrovascular problems, severe hypo-
glycemia, and diabetic ketoacidosis. Besides maximizing
patient well-being, self-management programs seek to en-
hance the quality of life and achieve treatment satisfaction

[25]. Patients with diabetes are frequently given lifestyle
management services, such as medical nutrition therapy,
physical exercise, weight loss counseling, smoking ces-
sation counseling, and emotional support. Fundamental
components of diabetes care include self-management
training and assistance. According to reports, patients with
diabetes who participate in a program with a planned, pa-
tient-centered curriculum and more than 10 hours of con-
tact time each week have the best results [26]. Self-man-
agement education, according to the American Diabetes
Association, is a continuous process that encourages the
information, skills, and competencies required for diabetes
self-care. It also combines a patient-centered approach
and collaborative decision making [27]. A multidisciplinary
care team should deliver the program either one on one or
in groups, with support available over the phone or online,
according to the National Clinical Institute for Care and Ex-
cellence in the United Kingdom. This team should include
at least one trained or accredited healthcare professional,
such as a registered dietitian or diabetes specialist nurse
[28]. A structured self-management education program
should be implemented for individuals with diabetes and
CKD, according to the KDIGO (Kidney Disease: Improving
Global Outcome) clinical practice guideline for 2022 [29].
To provide complete treatment for patients with diabetes
and CKD, policymakers and institutional decision makers
promote team-based, integrated care with a focus on risk
assessment and patient empowerment. Multiple factors
related to lifestyle, including diet, exercise, and psychoso-
cial factors, can influence medication noncompliance and
worsen outcomes [30-32]. The present study suggested
that multidisciplinary care was effective not only in diabe-
tes patients with CKD but even in patients without diabe-
tes but with CKD. Therefore, team-based, integrated care
programs based on the structured and patient-centered
curriculum should be established, and further preparation
and dissemination of multidisciplinary team-based care
are required for all CKD patients.

The current study has some limitations. First, we could
not investigate blood pressure, body weight, laboratory
findings other than kidney function, or medications, which
were other unknown confounding factors. Salt restriction
through multidisciplinary intervention may have lowered
blood pressure, reduced proteinuria, and maintained kid-
ney function. The patients with diabetes in group C had
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poor prognoses, and HbAlc level was considerably higher.
Therefore, patients with higher risk factors that could not
be measured or collected in this study might be included.
In addition, group B had higher event rate despite AeG-
FR in group B was lower compared to group D. However,
group B had higher UPCR levels through 2 years. Reduc-
tion of UPCR by multidisciplinary care might be associated
with improvement of prognosis, therefore, further study
should be required. Although it has been reported that an
early referral to a nephrologist is more useful than a late re-
ferral, we could not collect the times and duration of man-
agement for nephrologists before multidisciplinary care.
We were unable to adequately investigate the important
factors involved in maintaining kidney function among the
four groups. Second, the current study was excluded from
a non-multidisciplinary control group. In cohort studies,
multidisciplinary treatment was linked to decreased all-
cause mortality, but this was not demonstrated in the ran-
domized control trials for patients with CKD [23]. There-
fore, additional prospective randomized controlled trials
for patients with CKD are required to validate the efficacy
of multidisciplinary therapy. Finally, there may have been
some degree of patient selection and facility bias. Bias
in the facility and patient selection may have existed to
some extent. Although the number of professionals on the
multidisciplinary care team did not vary by hospital size,
it depended on the functions of each hospital, such as the
type and number of healthcare professionals available. The
content of the education program, the systems delivered,
and the makeup of the patient population varied as per
each facility. Further studies are needed to clarify whether
multiple education sessions by the same personnel or one
session by each personnel is superior to multidisciplinary
care in an inpatient setting. Additionally, the role of each
professional is not clearly defined. Programs for self-man-
agement and education that include content, assessments
of duration, contact frequency, and delivery techniques
should be established.

In conclusion, a multidisciplinary care team comprised
of five or more professionals may be linked to a better
prognosis for kidney disease and overall mortality. Further-
more, multidisciplinary team-based treatment is expected
to be effective for CKD other than diabetes. To manage pa-
tients holistically, multidisciplinary care integrates several
professionals and is patient-centered. A multidisciplinary
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care team should be delivered by nephrologists and other
professionals, not only CKDEs such as trained nurses, di-
eticians, and pharmacists but also physical therapists and
social workers, ideally with an understanding of CKD.
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