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Objective: The appropriate protein intake for patients on hemodialysis complicated with frailty remains highly controversial.

Methods: We conducted a prospective cohort study using data from Japanese Dialysis Outcomes and Practice Pattern Study. The

patients were separated by their baseline of normalized protein catabolic rate (nPCR) into 3 categories: low (nPCR , 1.0), medium

(1.0 # nPCR ,1.2), and high (nPCR $1.2). The frailty score was calculated based on the 12-item Short Form, and frailty was defined

in cases with a total score of$2 points. The all-cause mortality was compared between groups using a Cox proportional hazard model.

Results: A total of 2,404 patients were included in the longitudinal analysis, 1,096 (45.6%) of whom had frailty. Patients in the low-

nPCR group showed a higher prevalence of frailty than those in the other groups. In the Cox proportional hazard model, no significant

differences in the all-cause mortality were noted between the low-nPCR and medium-nPCR groups or the high-nPCR and medium-

nPCR groups. Furthermore, no significant differences were noted among any groups when subjects were limited to patients with frailty.

Conclusions: Patients with a low nPCR have a higher prevalence of frailty and incidence of mortality than those with amedium nPCR.

Patients with a high nPCR did not show a lower survival rate than those with a medium nPCR in this study. To clarify the appropriate

protein intake for patients on hemodialysis with frailty, an intervention study or large-scale, long-term cohort study will be needed.

� 2020 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

FRAILTY IS BASICALLY defined as age-related phys-
iological vulnerability, characterized by diminished

strength and endurance, and a reduced physiological func-
tion; however, aging as well as a number of medical condi-
tions, including chronic kidney disease (CKD), have also
been implicated as causes. Frail patients present with an
increased burden of symptoms, medical complexity, and
reduced tolerance of medical intervention. Such a condi-
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tion also increases the risk of a number of adverse events,
including falls, disability, hospitalization, and death.1

The prevalence of frailty in patients on dialysis is report-
edly quite high,2 even being observed in relatively young
patients.3 Several reports have explained the relationship
between frailty and CKD4 or hemodialysis.5,6 As
mentioned previously, a recent meta-analysis showed that
frailty was associated with an increased risk of mortality
and hospitalization.7
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Various interventions to prevent or reduce the preva-
lence of frailty, including exercise, nutritional supplement,
and cognitive training, have been proposed, with many
showing promising effects in a meta-analysis.8 However,
evidence concerning the management of frailty in dialysis
patients remains scarce.

Patients on hemodialysis are advised to consume more
protein than those with predialysis CKD because of their
high prevalence of protein-energy wasting. However, the
appropriate management of protein intake for patients on
hemodialysis still merits consideration, as a high protein
intake invariably leads to high phosphorus and potassium
loads, which increases the risk of metabolic acidosis, and
extensive restriction may lead to protein-energy wasting
and a subsequent poor outcome.

As aforementioned, the appropriate protein intake for
patients on hemodialysis complicated with frailty remains
highly controversial. Here, we assessed the influence of
the protein intake estimated by the normalized protein
catabolic rate (nPCR), which is often used to evaluate the
protein intake,9 in patients on hemodialysis complicated
with frailty.

Materials and Methods
Design, Setting and Study Participants

This cohort study used data obtained from the Japanese
Dialysis Outcomes and Practice Patterns Study (J-DOPPS)
phases 1 to 5 (phase 1: 1999-2001, phase 2: 2002-2004,
phase 3: 2005-2008, phase 4: 2009-2011, and phase 5:
2012-2015). J-DOPPS data, such as laboratory data, dialysis
conditions, complications, and drug information, were
collected every 4 months. The details of the DOPPS
regarding the design and sampling strategy have been
described in previous studies.10,11

Eligible participants in this study were aged $18 years
and receiving maintenance hemodialysis at least 3 times a
week. We excluded participants with a hemodialysis vin-
tage of less than 6 months and those with missing values
for the nPCR, frailty, dialysis vintage, and dialysis time
per week.

All participants in the J-DOPPS have provided informed
consent. Our present study’s conduct was approved by the
local research ethics board and complied with the Declara-
tion of Helsinki.

Main Exposure
Themain exposure was the nPCR at the baseline, which

was divided into three categories: low (nPCR, 1.0), me-
dium (reference category; 1.0 # nPCR ,1.2), and high
(nPCR $ 1.2). The nPCR was estimated based on two-
point modeling of hemodialysis urea kinetics, as suggested
by Depner and Daugirdas.12 The equation was as follows:

nPCRðg=kg=dayÞ 5C0 = ða1 bKt=V 1 c=½Kt =V �Þ
1 0:0168;
where C0 is the predialysis blood urea nitrogen (mg/
dL) and Kt/V is the single-pool estimate of the dialysis
dose. The corresponding coefficients for a, b, and c
were adjusted for differences in the interdialytic time
interval for patients who received dialysis three times
weekly.

Outcome Measurement
The primary outcome was all-cause mortality, and the

two secondary outcomes were death due to infection and
death due to vascular diseases. Death due to infection
included that due to peritonitis, infection of the central ner-
vous system, blood access infections, sepsis, infective endo-
carditis, pulmonary infections, abdominal infections,
genitourinary infections, and other infection. Death due
to vascular diseases included that due to stroke, pulmonary
embolism, heart diseases, hemorrhage, and sudden deaths
of unknown cause. Causes of death were extracted from
the termination form as ascertained by physicians at dialysis
facilities.

Subgroup Analyses
We performed a subgroup analysis based on the presence

of frailty. The frailty score was calculated using criteria
derived from a previous study13 and comprised physical
function (PF), exhaustion, and physical inactivity. PF was
assigned 1 point if the PF score on the 12-item Short
Form was ,75 points. Exhaustion was assigned 1 point if
the vitality score on the 12-item Short Form was ,75
points. Physical inactivity was assigned 1 point if patients
rarely or never exercised. The frailty score ranged from
0 to 3 points, and a total score of$2 points was set to indi-
cate the presence of frailty.

Statistical Analyses
Baseline characteristics of participants were described

by nPCR categories. Continuous data were summarized
as means (standard deviation) for normally distributed
variables and medians (interquartile range) for skewed
variables. Dichotomous and categorical data were sum-
marized as numbers (proportion). P-value testing was
performed using an analysis of variance for normally
distributed continuous variables, the Mann–Whitney
U test or Kruskal–Wallis test for skewed continuous
variables, and the chi-squared test for dichotomous and
categorical data.
We compared the survival curves among three nPCR

categories using the Kaplan–Meier method and logrank
test. The association between the nPCR and all-cause mor-
tality was estimated using the Cox proportional hazard
model with adjustment for all potential risk factors at the
baseline, including age, gender, body mass index, time on
dialysis per week, dialysis vintage, comorbidities (diabetes
mellitus, cardiovascular diseases, cerebrovascular diseases,
chronic obstructive pulmonary disease, cancer, dementia,
and depression), and laboratory data (levels of potassium,
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phosphorus, albumin, total cholesterol, creatinine, and C-
reactive protein). Effect measureswere estimated as the haz-
ard ratios with their 95% confidence intervals using robust
standard variance estimation to account for facility
clustering.
After excluding patients who met the criteria described

in the participants section, we performed multiple imputa-
tion using chained equations for the complementation of
missing covariates to create 20 imputed data sets. We then
derived the hazards ratios and 95% confidence intervals
by combining the estimates from the imputed data sets
based on Rubin’s rule.
All statistical analyses were performed using STATA 14.0

(version 14.0; StataCorp, College Station, TX, USA), with
a 2-sided significance set at 0.05.
Results
Study Flow Diagram
A total of 12,175 patients on hemodialysis were included

in the J-DOPPS phases 1 to 5. Figure 1 shows the study
flow diagram and the study selection process. After
excluding 9,771 patients who met the exclusion criteria
described in the participants section, a total of 2,404 pa-
tients remained for the longitudinal analysis.

Baseline Characteristics of Participants
Of the 2,404 patients, 1,217 (50.6%) were categorized as

having a low nPCR, 773 (32.2%) as having a medium
nPCR, and 414 (17.2%) as having a high nPCR at the base-
line. As shown in Table 1, the mean age was 61.6 (standard
deviation 12.4) years, 37.1% of patients were women, and
the prevalence of frailty was 45.6%. Patients in the low-
nPCR group were likely to be older and men, have a
shorter dialysis vintage, and more frequently have comor-
bidities, such as diabetes mellitus, cardiovascular or cerebro-
vascular diseases, chronic obstructive pulmonary disease,
and dementia than patients in the medium- or high-
nPCR groups. Furthermore, patients in the low-nPCR
group showed a higher prevalence of frailty than those in
the other groups.
In addition, patients with missing values were likely to be

slightly older and have a longer hemodialysis vintage and
Figure 1. Participant flow diagram
were more likely to have dementia than those without
missing values, but the other baseline characteristics were
similar (see Table S1).

Association of the nPCR and Mortality
A total of 221 (9.2%) patients (low group 142 [11.7%];

medium group 55 [7.1%]; high group 24 [5.8%]) died dur-
ing the study period.We described the survival distribution
for each group (see Figure S1) and revealed a significant dif-
ference among the groups (P,.001). In contrast, in theCox
proportional hazardmodel adjusted for potential confound-
ing factors, no significant differences in the incidence were
noted between the low- or high-nPCR groups and all-
cause mortality compared with the medium-nPCR group
as a reference (see Table 2). Similarly, no significant differ-
ences in the rate of death from infection and vascular diseases
were noted among the three nPCR groups (see Table S2).

Subgroup Analyses
Of the 2,404 patients, 1,096 (45.6%) were found to have

frailty.We assessed the association between the nPCR strat-
ified by the presence or absence of frailty and all-cause mor-
tality using the Cox proportional hazard model adjusted for
potential confounding factors. Similar with the main re-
sults, no significant differences in all-cause mortality were
noted among the nPCR groups, regardless of the frailty sta-
tus (see Table S3).

Discussion
In our study, patients in the low-nPCR group (,1.0 g/

kg/day) showed a higher mortality rate during the study
period than those in the other nPCR groups, although a
low nPCRwas not shown to be an independent risk factor
after adjusting for patients’ background characteristics and
comorbidities. Furthermore, no significant differences in
mortality were noted when subjects were limited to pa-
tients with frailty. This result suggests that a high protein
intake may not worsen the clinical outcome of patients
on hemodialysis, regardless of their frailty status.
The appropriate protein intake for patients on hemodi-

alysis with frailty is controversial. Shinaberger et al.14 re-
ported that an nPCR ,0.8 g/kg/day or .1.4 g/kg/day
was associated with an increase in mortality according to
and study selection process.



Table 1. Participants’ Characteristics at Baseline

nPCR

P valueTotal (n 5 2,404) Low (n 5 1,217) Medium (n 5 773) High (n 5 414)

Age, years 61.6 (12.4) 63.2 (12.7) 60.2 (11.7) 59.3 (11.8) ,.01
Female, % 37.1 33.3 38.0 46.6 ,.01

BMI 20.9 (3.2) 21.1 (3.4) 20.9 (3.1) 20.3 (2.7) ,.01

Treatment time per week, min 723.1 (88.8) 711.2 (87.9) 732.6 (89.2) 740.5 (85.6) ,.01

Dialysis vintage, years 3.8 (0.7-9.4) 3.2 (0.6-7.8) 5.9 (2.2-12.1) 7.1 (3.2-13.2) ,.01
Comorbidities, %

Diabetes mellitus 31.5 38.9 24.4 23.2 ,.01

Cardiovascular diseases 28.6 31.7 25.4 25.9 ,.01

Cerebrovascular diseases 13.2 14.8 12.2 10.4 .04
COPD 2.6 3.6 1.8 1.2 .01

Cancer 8.6 9.2 9.5 5.3 .03

Dementia 1.8 2.4 0.9 1.5 .04
Depression 3.4 3.8 3.2 2.7 .52

Laboratory data

Potassium, mEq/L 5.01 (0.76) 4.75 (0.72) 5.19 (0.70) 5.43 (0.68) ,.01

Phosphate, mg/dL 5.57 (1.47) 5.17 (1.32) 5.85 (1.43) 6.24 (1.62) ,.01
Albumin, mg/dL 3.78 (0.38) 3.73 (0.41) 3.82 (0.37) 3.84 (0.32) ,.01

Total cholesterol, mg/dL 157.5 (34.9) 155.5 (36.1) 158.6 (34.1) 161.3 (32.4) .01

Creatinine, mg/dL 11.18 (2.79) 10.45 (2.85) 11.79 (2.51) 12.11 (2.57) ,.01

CRP, mg/dL 0.10 (0.05-0.31) 0.10 (0.05-0.34) 0.10 (0.05-0.29) 0.10 (0.05-0.25) .22
Frailty score 1.47 (0.75) 1.52 (0.75) 1.43 (0.74) 1.40 (0.75) ,.01

Frailty, % 45.6 49.1 42.8 40.3 ,.01

nPCR, normalized protein catabolic rate; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein

Continuous data with a normal distribution are summarized as the mean (standard deviation), continuous variables with skewed data are sum-
marized as the median (interquartile range), and dichotomous or categorical data are summarized as proportions.

P-value testing among patients categorized by nPCR is shown.
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an analysis using a cohort of 53,933 patients on hemodial-
ysis. The Kidney Disease Outcomes Quality Initiative clin-
ical practice guideline recommends a dietary protein intake
in the range of 1.2-1.4 g/kg/day,9 and the guideline of the
region of this study recommends a dietary protein intake
ranging from 1.0 to 1.2 g/kg/day.4 It recommends a lower
protein intake than the Kidney Disease Outcomes Quality
Initiative to avoid an excessive phosphorus load.

Despite the recommendations and reports mentioned
previously, a majority of patients do not consume sufficient
protein according to the ideal amount estimated by the
nPCR. In the present study, 82.8% (1,990 of 2,404) of
the patients had a value lower than 1.2 g/kg/day, and
50.6% (1,217 of 2,404) of the patients had a value lower
than 1.0 g/kg/day (Table 1). Based on the guidelines and
our results, most patients on hemodialysis should increase
Table 2. Association Between nPCR Levels and All-cause Mortali

Unadjusted HR P

Low (n 5 1,217) 1.74 (1.23 to 2.47)
Medium (n 5 773) Reference

High (n 5 414) 0.87 (0.52 to 1.45)

nPCR, normalized protein catabolic rate; HR, hazard ratio.

Results are shown as the HR and 95% confidence interval.
Adjusted for age, gender, body mass index, time on dialysis per week, d

eases, cerebrovascular disease, chronic obstructive pulmonary disease, c

tassium, phosphorus, albumin, total cholesterol, creatinine, and C-reactiv
their protein intake, as a low-protein diet can result in
malnutrition, weight loss, and skeletal muscle loss, which
subsequently lead to a poor outcome. Few studies have
explored the optimum approach to nutrition intervention
in frail patients, but a French group reported in their sec-
ondary analysis of a randomized control trial that interven-
tion including exercise and nutrition counseling reduced
the severity and incidence of frailty.15 Those findings sug-
gest that the protein intake in patients on hemodialysis
should be increased, although further studies will be needed
to clarify the appropriate dietary nutrition for patients on
hemodialysis with frailty.
The prevalence of frailty in patients on hemodialysis is

reportedly 14% to 73%,2,7 a range that dropped in our
study. The varying definitions of frailty among studies
may be the cause of this wide range in prevalence. The
ty

value Adjusted HR P value

,.01 1.37 (0.94 to 2.00) .10
Reference

.60 0.87 (0.50 to 1.52) .62

ialysis vintage, comorbidities (diabetes mellitus, cardiovascular dis-

ancer, dementia, and depression), and laboratory data (levels of po-

e protein).
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most widely accepted frailty phenotype was proposed by
Fraied et al.16 and includes the following five factors:
weight loss, exhaustion, low physical activity, weak grip
strength, and slow gait speed. However, no universally
accepted definition has yet been established.17 The criteria
of frailty in this study were based on self-reported measures,
so the actual prevalencemight be higher than the value esti-
mated using performance measures.18,19

Several limitations to the present study warrant mention.
First, this study was an observational study and was not in-
tended to assess frailty. The revealed associations were not
causal, and several biases remain because of residual con-
founding fromunknown or unmeasured confounders. Sec-
ond, a substantial number of patients had missing values,
and this subpopulation tended to be older with a longer
vintage and higher prevalence of dementia; as such, this
cohort may have been biased to some degree. Third, frailty
was self-reported in this study, so some misclassified or un-
diagnosed cases of frailty may have been included in our
population.
In conclusion, although patients with a low nPCR

(,1.0 g/kg/day) had a higher prevalence of frailty and inci-
dence of mortality than those with higher nPCR values, a
low nPCR was not shown to be an independent risk factor
in a Cox regression analysis. Patients with a high nPCR did
not show a lower survival rate than those with lower values
in the present study. A majority of patients had a lower
nPCR level than was stipulated in the guidelines, so we
should advise patients on hemodialysis to consume more
protein. To clarify the appropriate protein intake for pa-
tients on hemodialysis with frailty, intervention studies or
large-scale and long-term cohort studies are needed.
Practical Application
Patients on hemodialysis with a low normalized protein

catabolic rate (nPCR) have a higher prevalence of frailty
and incidence of mortality than others, but there are no sig-
nificant differences in the all-cause mortality between the
groups by the nPCR status in the cox hazard model. A ma-
jority of patients do not consume sufficient protein in
accordance with the ideal amount estimated by the
nPCR.Those findings suggest that the protein intake in pa-
tients on hemodialysis should be increased.
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