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ABSTRACT
Introduction: We examined the combined effect of erythropoietin (EPO) hyporesponsiveness
and low handgrip strength (HGS) on the prognosis of patients undergoing hemodialysis (HD).
Methods: We recruited patients with chronic kidney disease (CKD) Stage 5, who were under-
going HD at our dialysis clinic between January 2015 and March 2015 (n¼ 182). Patients of
�20 years of age and who had been undergoing HD for �3months at enrollment were eligible
for inclusion. Seven patients treated with epoetin-b pegol were excluded. First, the erythropoietin
resistance index (ERI) and HGS were measured. The patients were stratified by the ERI of 9.44 (U/
kg/week/g/dL), and by the HGS of 28 kg for men and 18 kg for women. We then observed death
and cardiovascular disease (CVD), composite endpoint (deaths or CVD) for a median of 2 years.
Results: A total of 175 patients (male, n¼ 122; female, n¼ 53; age, 34–92 years) were included in
the analysis. During the observation period of 24months, 57 events (14 deaths and 43 CVD)
were observed. High ERI and low HGS were associated with a high incidence of endpoints com-
pared to low ERI and high HGS. Among the four groups classified by ERI and HGS values, the
highest risk group was the high ERI/low HGS group (HR: 4.20 95% CI 2.12–8.33).
Conclusions: EPO hyporesponsiveness combined with low HGS were found to be significant pre-
dictors of a poor outcome, and the synergistic effects of the two factors had stronger predictive
ability than either single factor.
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Introduction

The cardiovascular risk in patients with chronic kidney

disease (CKD) appears to be far greater than that in the

general population [1]. Despite improvements in dialy-

sis technology, the cardiovascular mortality of this

population remains high [2]. In addition, renal anemia is

an important complication of hemodialysis (HD) and is

a factor that influences the mortality rate due to circula-

tory and other complications [3]. Renal anemia is mainly

attributable to decreased erythropoietin (EPO) produc-

tion by the kidneys.
Presently, the main treatment for renal anemia is

EPO replacement; erythropoiesis-stimulating agent

(ESA) therapy has been used for the treatment of
anemia in patients undergoing HD. ESA therapy has
many benefits for patients, including an improved qual-
ity of life (QoL), greater exercise capacity, and reduced
need for blood transfusion [4]; however, 12.5% of
patients undergoing HD who receive ESA therapy are
reported to exhibit ESA hyporesponsiveness, where the
patient does not achieve the desired hemoglobin (Hb)
concentration, despite receiving a higher ESA dose than
usual [5]. Recent studies have demonstrated that the
ESA dose and achieved Hb levels were associated with
mortality in patients undergoing HD; additionally, hypo-
responsiveness to ESA therapy was reported to be one
of the poor prognostic factors in HD patients [6–8].
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Focus has also been placed on handgrip strength
(HGS) for patients with HD as an indicator of muscle
function in recent research [8]. HGS can also be a good
indicator of overall muscle strength, as it is related to
the strength of other muscle groups [9]. HGS is a strong
predictor of cardiovascular mortality and a moderately
strong predictor of incident cardiovascular disease [10].
Generally, HGS is a simple and inexpensive risk stratifi-
cation method for all-cause mortality or cardiovascular
disease [10,11]. Many studies have reported that
reduced muscle strength measured through HGS was
associated with increased mortality and cardiovascular
disease [10,11], and the diagnostic criteria for sarcope-
nia and frailty also include HGS (<28 kg for males and
<18 kg for females) [12].

Associations between anemia, muscle weakness, and
motor impairment have been reported [9,13]. Low
muscle strength, one of frailty traits, is recognized as
one of the major problems experienced by aging
patients undergoing HD [13,14]. HGS is an independent
predictor of all-cause mortality, even in patients under-
going maintenance HD [10]. The 2018 guidelines of the
Japanese Society of Renal Rehabilitation state that
frailty-like condition is reversible and may be restored
close to normality with appropriate rehabilitation inter-
vention [15]. Additionally, an increase in Hb led to an
improvement in QoL, whereas a meta-analysis stated
that a� 10 g/dL improvement in Hb in patients under-
going HD resulted in a significant improvement in mal-
aise [16]. Improvement in vitality and malaise
associated with the improvement of anemia are
expected to be beneficial when performing exercise
therapy [15].

As such, ESA hyporesponsiveness and low HGS
appear to be risk factors for all-cause mortality and
cardiovascular disease; however, no studies have inves-
tigated the prognostic impact of ESA hyporesponsive-
ness in association with low HGS. Thus, this study
investigated the combined effect of ESA hyporespon-
siveness and HGS in patients undergoing HD on the
prognosis for death and cardiovascular disease.

Materials and methods

Research design

This was a two-year prospective observational cohort
study conducted across four clinics of our medical insti-
tution (Kodaira Kitaguchi Clinic, Higashikurume Clinic,
Kumegawa Touseki Naika Clinic, and Higashiyamato
Nangai Clinic). The study was conducted in accordance
with the Declaration of Helsinki and was approved by

the Ethics Review Board (No. 2014-7). All participants
provided their written informed consent.

Subjects

Participation recruitment was conducted from January
to March 2015. Among patients on maintenance dialy-
sis attending our medical institution, 175 consenting
patients were included in the study and baseline data
were obtained in April 2015. Patients who were
�20 years of age, and who had been receiving HD three
times a week for �3months at enrollment were eligible
for inclusion in this study. Patients who used epoetin-b
pegol and those admitted during the month of enroll-
ment were excluded from the study.

Methods

ESA responsiveness was estimated using the EPO resist-
ance index (ERI) for human recombinant EPO (rHuEPO)
(U)/week/dry weight (kg)/Hb (g/dl) [5,7,17,18]. To dem-
onstrate the use of rHuEPO and darbepoetin a (DA), the
ratio of rHuEPO to DA was calculated as 200:1 [5,7,18].
HGS measurements were obtained as motor function
measurements using a Smedley digital dynamometer
(Takei Scientific Instruments Co., Ltd., Niigata, Japan).
After adjusting for hand size, HGS was measured in a
sitting position with arms hanging at the sides. HGS
measurements were obtained twice on each side. For
our study, we used the maximum HGS values obtained
from both hands. HGS measurements were performed
before the dialysis session.

All causes of death were defined as all-cause mortal-
ity. Cardiovascular disease was defined as ischemic car-
diovascular events (angina, myocardial infarction,
arteriosclerosis obliterans, cerebral hemorrhage, and
cerebral infarction), or nonischemic heart disease
events (heart failure). In the survival analysis, if a patient
experienced both events, the first event took prece-
dence. The observation period was 2 years. In our study,
we observed events with a composite endpoint.
However, we performed a separate multivariate analysis
for all-cause mortality and cardiovascular disease.
Angina pectoris and myocardial infarction were diag-
nosed using coronary angiography and myocardial scin-
tigraphy, while arteriosclerosis obliterans was screened
with ankle-brachial index (ABI) and diagnosed by a
specialist using lower extremity ultrasound, contrast-
enhanced computed tomography (CT), or magnetic
resonance imaging (MRI). Cerebral hemorrhage and
infarction were diagnosed based on imaging findings,
such as CT and MRI.
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Complete blood counts and biochemical data, such
as serum urea nitrogen, creatinine (Cr), C-reactive pro-
tein, albumin, electrolytes, b2-microglobulin, parathy-
roid hormone (i-PTH) were measured for various test
values, and the Geriatric Nutrition Index (GNRI) and dia-
lysis efficiency (Kt/V) were calculated. Blood sampling
and Kt/V were measured prior to the first HD of the
week, 2 d after the previous dialysis.

Statistical analysis

Data were presented as percentage, mean± standard
deviation, or median (interquartile range), as appropri-
ate. Kaplan–Meier survival curves were used to assess
all-cause mortality and cardiovascular events, and
Spearman’s correlation coefficient was used to deter-
mine the relationship between ERI and HGS.

The previously reported cutoff value of ERI (i.e., 9.44)
[19] and cutoff value of HGS for low muscle strength as
defined in The Asian Working Group for Sarcopenia
(AWGS) 2019 (i.e., 28 kg in males and 18 kg in females)
were used to investigate the impact of the composite
effects of ERI and HGS on all-cause mortality and car-
diovascular events. Then, these were combined and
stratified into four groups: low ERI/low HGS (n¼ 69),
high ERI/low HGS (n¼ 34), low ERI/high HGS (n¼ 61),
and high ERI/high HGS (n¼ 11). A Kaplan–Meier survival
curve was used to examine the effects on all-cause mor-
tality and cardiovascular events, while differences
between groups were compared using the logarithmic
rank test; additionally, a univariate Cox regression ana-
lysis was performed to compare risks among the four
groups. To examine the association between prognosis
and groups combining ERI and HGS, a multivariate Cox
regression analysis was performed with adjustment for
age, dialysis history, body mass index (BMI) (median),
sex, and diabetes mellitus (DM). Statistical significance
was set at p< 0.05. All statistical analyses were per-
formed using the JMP software program version 16
(SAS Institute Inc., Cary, NC).

Results

Characteristics of the study patients according to
the baseline

As shown in Figure 1, 175 subjects were included in the
analysis. The baseline characteristics of the study popu-
lation are shown in Table 1. The subjects included 122
(69.7%) males and 53 (30.3%) females, with a mean age
and dialysis history of 68.1 ± 11.4 years and
7.7 ± 10.1 years, respectively. The primary diseases were
diabetic nephropathy (n¼ 79, 45.1%), nephrosclerosis

(n¼ 14, 8.0%), chronic glomerulonephritis (focal glo-
merulosclerosis [focal segmental glomerular sclerosis],
IgA-nephropathy, ANCA-associated nephritis,

Figure 1. Patient recruitment flow diagram. HD: hemodialysis;
ESKD: end-stage kidney disease.

Table 1. Baseline characteristics of patients on hemodialysis.

　
All patients
(n¼ 175)

Male: Female (n) 122/53
Age (years) 68.13 ± 11.40
Duration of dialysis (years) 7.71 ± 10.12
BMI (kg/m2) 22.12 ± 3.93
BW pre HD (kg) 60.51 ± 13.15
Grip strength (kg) 24.04 ± 7.62
ESA dose (U) 4414.29 ± 4348.21
ERI (ESA dose/kg/g/dL/week) 7.45 ± 7.99
Kt/V 1.48 ± 0.23
GNRI 94.70 ± 5.49
EPa n (%) 57 (32.57%)
IHD n (%) 66 (37.71%)
Cerebrovascular disease n (%) 34 (19.43%)
Diabetes n (%) 88 (50.29%)
Exercise habits n (%) 108 (61.71%)
Blood urea nitrogen (mg/dL) 64.38 ± 14.16
Creatinine (mg/dl) 10.64 ± 2.55
Albumin (g/dl) 3.74 ± 0.28
Uric acid (mg/dl) 6.92 ± 1.58
TG (mg/dl) 109.79 ± 80.98
HDL-Cho (mg/dl) 43.26 ± 13.21
LDL-Cho (mg/dl) 81.70 ± 25.55
CRP (mg/dl) 0.11 (0.05–0.32)
b2MG (mg/dl) 26.31 ± 5.51
CK (IU/L) 97.27 ± 73.83
Phosphorus (mg/dL) 5.34 ± 1.19
Calcium (mg/dL) 8.73 ± 0.69
PTH-intact (pg/mL) 138 (76–196)
Hemoglobin (g/dL) 10.87 ± 0.83
Hematocrit (%) 33.90 ± 2.69
Serum iron (lg/dL) 56.67 ± 21.65
Ferritin (ng/mL) 136.85 ± 123.61
TSAT (%) 23.67 ± 9.47

n: number; ERI: erythropoietin resistance index; HGS: hand grip strength;
BMI: body mass index; BW: body weight; HD: hemodialysis; ESA: erythro-
poiesis-stimulating agents; Kt/V: normalized dialysis dose; GNRI: geriatric
nutritional risk index; EP: end point; IHD: ischemic heart disease; TG: tri-
glyceride; HDL-Cho: high-density lipoprotein cholesterol; LDL-Cho: low-
density lipoprotein cholesterol; CRP: C-reactive protein; b2MG: beta2-
microglobulin; CK: creatine kinase; PTH: parathyroid hormone; TSAT: trans-
ferrin saturation.
aEP: all-cause death and cardiovascular disease. Data are expressed as the
median (interquartile range) or number (percentage).
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membranoproliferative glomerulonephritis: n¼ 44,
25.1%), polycystic kidney disease (n¼ 8, 4.6%),
unknown (n¼ 18, 10.3%), and others (n¼ 12, 6.9%). The
type of ESA was rHuEPO in 93 cases (53.1%) and DA in
61 cases (34.9%). At the time of enrollment, 21 patients
(12.0%) were ESA-naive.

Outcomes

During the follow-up period (24months), all-cause
death or cardiovascular events were observed in 57
(32.5%) of the 175 patients undergoing HD. There were
43 cardiovascular events and 14 deaths. Of these, there
were 10 deaths from non-cardiovascular causes.

Characteristics of the study patients according to
HGS or ERI

The low HGS group was characterized by older age and
lack of exercise habits, while the high ERI group was

characterized by anemia, iron deficiency, low grip
strength, and light weight (Table 2). Table 3 shows the
patient characteristics stratified into four groups accord-
ing to the ERI and HGS cutoff values. The Kruskal–Wallis
test and Pearson’s test were used to compare the four
groups; there were no differences in HD duration, Kt/V,
exercise habits, secondary hyperparathyroidism, cere-
brovascular disease, DM, or history of angina pectoris.

Association of ERI and HGS with composite
endpoints, respectively

ERI and HGS were significantly associated with all-cause
mortality or cardiovascular disease, respectively. The
high ERI group was at high risk for all-cause mortality
or cardiovascular disease (Figure 2(a) Log rank,
p< 0.0001). Regarding HGS, the low HGS group showed
a higher risk of all-cause death or cardiovascular disease
(Figure 2(b) Log rank, p¼ 0.007).

Table 2. Characteristics of 175 HD patients (high ERI subcohort and low HGS subcohort).

　
Low ERI High ERI

p Value
Low HGS High HGS

p Value(n¼ 130) (n¼ 45) (n¼ 103) (n¼ 72)

Male: Female (n) 95/35 27/18 0.09 74/29 48/24 0.46
Age (years) 67.22 ± 11.26 70.78 ± 11.42 0.07 71.60 ± 10.00 63.17 ± 11.47 <0.0001
Duration of dialysis (years) 7.12 ± 6.74 9.41 ± 16.21 0.19 7.95 ± 11.88 7.37 ± 6.82 0.71
BMI (kg/m2) 22.72 ± 4.04 20.40 ± 3.01 0.0006 21.75 ± 3.80 22.66 ± 4.05 0.13
BW pre HD (kg) 62.80 ± 13.59 53.92 ± 8.98 <0.0001 58.17 ± 11.76 63.87 ± 14.27 0.004
Grip strength (kg) 25.09 ± 7.69 21.02 ± 6.54 0.001 19.92 ± 4.97 29.94 ± 6.84 <0.0001
ESA dose (U) 2476.92 ± 1823.84 10,011.11 ± 4663.68 <0.0001 5288.84 ± 4942.23 3163.19 ± 2890.11 0.001
ERI (ESA dose/kg/g/dL/week) 3.79 ± 2.72 18.04 ± 8.73 <0.0001 9.09 ± 9.14 5.10 ± 5.14 0.001
Kt/V 1.47 ± 0.24 1.50 ± 0.21 0.45 1.47 ± 0.21 1.49 ± 0.26 0.65
GNRI 95.36 ± 5.12 92.80 ± 6.07 0.006 93.65 ± 5.75 96.21 ± 4.71 0.002
EPa n (%) 32 (22.33) 25 (55.56) 0.0001 42 (40.78) 15 (20.83) 0.005
IHD, n (%) 25 (19.23) 10 (22.22) 0.66 23 (22.33) 12 (16.67) 0.35
Cerebrovascular disease, n (%) 49 (37.69) 17 (37.78) 0.99 38 (36.89) 28 (38.89) 0.78
Diabetes, n (%) 69 (53.98 19 (42.22) 0.20 57 (55.34) 31 (43.06) 0.10
Exercise habits n(%) 81 (62.31) 27 (60) 0.78 55 (53.40) 53 (73.6) 0.006
Blood urea nitrogen(mg/dL) 63.26 ± 13.65 67.64 ± 15.05 0.07 63.75 ± 14.99 65.29 ± 12.81 0.48
Creatinine (mg/dL) 10.81 ± 2.73 10.13 ± 1.85 0.12 10.05 ± 2.18 11.48 ± 2.79 0.0002
Albumin (g/dL) 3.76 ± 0.26 3.71 ± 0.32 0.32 3.69 ± 0.27 3.83 ± 0.26 0.001
Uric acid (mg/dL) 6.84 ± 1.49 7.15 ± 1.81 0.26 6.83 ± 1.66 7.05 ± 1.45 0.36
TG (mg/dL) 116.27 ± 87.83 91.07 ± 52.36 0.07 92.78 ± 50.45 134.13 ± 106.26 0.0008
HDL-Cho (mg/dL) 43.5 ± 12.55 42.56 ± 14.93 0.68 43.94 ± 13.81 42.28 ± 12.22 0.41
LDL-Cho (mg/dL) 81.29 ± 25.66 82.87 ± 25.22 0.72 80.58 ± 24.91 83.29 ± 26.37 0.49
CRP (mg/dL) 0.11 (0.05–0.26) 0.15 (0.05–0.58) 0.01 0.14 (0.05–0.39) 0.09 (0.05–0.26) 0.07
b2MG (mg/dL) 25.83 ± 5.59 27.70 ± 5.01 0.04 26.65 ± 5.72 25.82 ± 5.15 0.32
CK (IU/L) 98.63 ± 68.12 93.33 ± 88.14 0.68 94.05 ± 78.75 101.88 ± 0.49 0.49
Phosphorus (mg/dL) 5.34 ± 1.26 5.37 ± 0.98 0.88 5.16 ± 1.15 5.60 ± 1.20 0.01
Calcium (mg/dL) 8.73 ± 0.69 8.74 ± 0.70 0.97 8.67 ± 0.73 8.83 ± 0.63 0.14
PTH-intact (pg/mL) 140 (76–197.25) 134 (74–188.5) 0.28 131 (72–181) 152.5 (94–209) 0.42
Hemoglobin (g/dL) 10.98 ± 0.80 10.53 ± 0.84 0.001 10.86 ± 0.84 10.88 ± 0.82 0.83
Hematocrit (%) 34.07 ± 2.70 33.39 ± 2.59 0.14 34.02 ± 2.75 33.73 ± 2.59 0.49
Serum iron (lg/dL) 60.27 ± 22.55 46.24 ± 14.41 0.0001 55.72 ± 23.05 58.01 ± 19.39 0.49
Ferritin (ng/mL) 143.93 ± 132.10 116.40 ± 91.88 0.20 142.86 ± 122.94 128.26 ± 124.06 0.44
TSAT (%) 25.21 ± 9.88 19.23 ± 6.31 0.0002 23.66 ± 10.37 23.70 ± 8.01 0.97

n: number; ERI: erythropoietin resistance index; HGS: hand grip strength; BMI: body mass index; BW: body weight; HD: hemodialysis; ESA: erythropoiesis-
stimulating agents; Kt/V: normalized dialysis dose; GNRI: geriatric nutritional risk index; EP: end point; IHD: ischemic heart disease; TG: triglyceride; HDL-
Cho; high-density lipoprotein cholesterol; LDL-Cho: low-density lipoprotein cholesterol; CRP: C-reactive protein; b2MG: beta2-microglobulin; CK: creatine
kinase; PTH: parathyroid hormone; TSAT: transferrin saturation.
aEP: all-cause death and cardiovascular disease. Data are expressed as the median (interquartile range) or number (percentage). Statistical significance
was estimated with Kruskal–Wallis test.
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Next, we assessed whether there was an association
between ERI and HGS. ERI and HGS showed a negative
correlation (Spearman’s rank correlation coefficient: rs
¼ －0.28; p¼ 0.0002) (Figure 3).

Association between the level of ERI, HGS, and
mortality/cardiovascular disease

The evaluation of the Kaplan-Meier survival curve dem-
onstrated that, among the four groups, the high ERI/
low HGS group showed significantly higher rates of
death and cardiovascular disease (Figure 4(a) Log rank,
p< 0.0001); this group tended to be older and had a
higher dose of ESA, lower BMI and lower GNRI, while
blood sampling data indicated low levels of Cr, albu-
min, triglycerides, serum iron, and TSAT (Fe/TIBC). The
Kaplan-Meier survival curve, which separated outcomes
into death and CVD events, similarly showed that the
high ERI/low HGS group was at highest risk (Figure 4(b)

Log rank, p¼ 0.006, Figure 4(c) Log rank, p¼ 0.0002). A
subsequent univariate analysis using the low ERI/high
HGS group as a reference revealed that among the four
groups, the high ERI/low HGS group was at the highest
risk for all-cause death or cardiovascular disease (HR:
4.2, 95% CI: 2.13–6.20). The single effect of EPO respon-
siveness or HGS on all-cause death or cardiovascular
disease was milder than the composite effect (Table 4).

Multivariate analysis

Finally, multivariate analysis demonstrated that older age
(HR: 1.79, 95% CI: 1.01–3.15), DM (HR: 1.64, 95% CI:
0.94–2.84), and the high ERI/low HGS group (HR: 3.52,
95% CI 2.00–6.20) were associated with the risk of all-
cause mortality or cardiovascular disease (Table 4). After
adjusting for age, diabetes, HD history, BMI, and sex, the
high ERI/low HGS group remained a high-risk group for
all-cause death or cardiovascular disease. We also

Table 3. Characteristics of 175 HD patients (comparison of the 4 groups).

　
Low ERI/low HGS High ERI/low HGS Low ERI/high HGS High ERI/high HGS

p Value(n¼ 69) (n¼ 34) (n¼ 61) (n¼ 11)

Male: Female (n) 50/19 24/10 45/16 3/8 0.017
Age (years) 70.9 ± 9.69 73.03 ± 10.46 63.05 ± 11.46 63.82 ± 11.46 <0.0001
Duration of dialysis (years) 7.03 ± 6.36 9.81 ± 18.45 7.23 ± 7.15 8.14 ± 4.52 0.59
BMI (kg/m2) 22.47 ± 3.86 20.29 ± 3.21 23.00 ± 4.20 20.74 ± 2.29 0.005
BW pre HD (kg) 60.57 ± 12.08 53.31 ± 9.35 65.33 ± 14.72 55.8 ± 7.38 0.0001
Grip strength (kg) 20.15 ± 4.92 19.45 ± 5.05 30.68 ± 6.31 25.86 ± 8.09 <0.0001
ESA dose (U) 2721.01 ± 1873.02 10500 ± 5132.08 2200.82 ± 1725.42 8500.00 ± 2132.00 <0.0001
ERI (ESA dose/kg/g/dL/week) 4.21 ± 2.71 19.00 ± 9.58 3.30 ± 2.65 15.09 ± 4.00 <0.0001
Kt/V 1.47 ± 0.21 1.47 ± 0.21 1.47 ± 0.26 1.59 ± 0.18 0.43
GNRI 94.51 ± 5.29 91.91 ± 6.22 96.32 ± 4.73 95.55 ± 4.56 0.002
EPa n (%) 19 (27.54) 23 (67.65) 13 (21.31) 2 (18.18) <0.0001
IHD n (%) 16 (23.19) 7 (20.59) 9 (14.75) 3 (27.27) 0.60
Cerebrovascular disease n (%) 25 (36.23) 13 (38.24) 24 (39.34) 4 (36.36) 0.98
Diabetes n (%) 40 (57.97) 17 (50.0) 29 (47.54) 2 (18.18) 0.09
Exercise habits n (%) 36 (52.17) 19 (55.88) 45 (73.77) 8 (72.73) 0.058
Blood urea nitrogen (mg/dL) 62.27 ± 14.56 66.76 ± 15.40 64.37 ± 12.45 70.35 ± 13.56 0.21
Creatinine (mg/dL) 10.15 ± 2.37 9.83 ± 1.71 11.56 ± 2.91 11.04 ± 1.95 0.002
Albumin (g/dL) 3.70 ± 0.26 3.67 ± 0.30 3.82 ± 0.24 3.84 ± 0.34 0.01
Uric acid (mg/dL) 6.69 ± 1.52 7.11 ± 1.90 7.01 ± 1.44 7.25 ± 1.49 0.45
TG (mg/dL) 95.16 ± 50.94 87.94 ± 49.08 140.15 ± 111.50 100.73 ± 60.37 0.003
HDL-Cho (mg/dL) 44.88 ± 12.78 42.03 ± 15.52 41.93 ± 12.09 44.18 ± 12.78 0.57
LDL-Cho (mg/dL) 78.64 ± 24.48 84.53 ± 25.30 84.30 ± 26.61 77.73 ± 24.26 0.51
CRP (mg/dL) 0.13 (0.05–0.25) 0.16 (0.06–0.69) 0.09 (0.05–0.3) 0.05 (0.05–0.26) 0.01
b2MG (mg/dL) 26.32 ± 6.00 27.33 ± 5.04 25.27 ± 5.02 28.85 ± 4.74 0.12
CK (IU/L) 91.74 ± 66.59 98.74 ± 98.77 106.43 ± 68.98 76.64 ± 35.49 0.53
Phosphorus (mg/dL) 5.16 ± 1.24 5.17 ± 0.97 5.54 ± 1.26 5.98 ± 0.74 0.06
Calcium (mg/dl) 8.70 ± 0.73 8.60 ± 0.70 8.76 ± 0.64 9.15 ± 0.48 0.14
PTH-intact (pg/mL) 131(71–182) 132 (70.25–184.75) 152 (93.5–207) 153 (103–241) 0.60
Hemoglobin (g/dL) 10.97 ± 0.80 10.64 ± 0.87 11.00 ± 0.79 10.20 ± 0.65 0.006
Hematocrit (%) 34.14 ± 2.74 33.76 ± 2.73 34.00 ± 2.64 32.35 ± 1.64 0.18
Serum iron (lg/dL) 60.81 ± 25.18 45.38 ± 12.79 59.66 ± 19.12 48.91 ± 18.31 0.002
Ferritin (ng/mL) 158.12 ± 131.46 111.89 ± 96.33 127.88 ± 130.99 130.36 ± 74.78 0.29
TSAT (%) 26.01 ± 11.21 18.88 ± 6.05 24.31 ± 8.04 20.30 ± 6.94 0.001

n: number; ERI: erythropoietin resistance index; HGS: hand grip strength; BMI: body mass index; BW: body weight; HD: hemodialysis; ESA: erythropoiesis-
stimulating agents; Kt/V: normalized dialysis dose; GNRI: geriatric nutritional risk index; EP: end point; IHD: ischemic heart disease; TG: triglyceride; HDL-
Cho: high-density lipoprotein cholesterol; LDL-Cho: low-density lipoprotein cholesterol; CRP: C-reactive protein; b2MG: beta2-microglobulin; CK: creatine
kinase; PTH: parathyroid hormone; TSAT: transferrin saturation.
aEP: all-cause death and cardiovascular disease. Data are expressed as the median (interquartile range) or number (percentage). Statistical significance
was estimated with Kruskal–Wallis test.
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performed an additional analysis with the endpoints sep-
arated by all-cause mortality and cardiovascular events
and found that high ERI/low HGS was a strong risk, as
was the composite endpoint (all-cause mortality or car-
diovascular disease) (Table 5). The high ERI/low HGS
group was associated with the risk of cardiovascular

disease (HR: 3.02, 95% CI: 1.55–5.86) and all-cause mor-
tality (HR: 5.51, 95% CI: 1.71–17.78), respectively.

Discussion

ESA hyporesponsiveness, which is caused by iron defi-
ciency, inflammation, dialysis efficiency, nutritional sta-
tus, hyperparathyroidism, and other conditions, has
been reported to be associated with a poor long-term
prognosis in dialysis patients [6,19,20]. Three main
mechanisms have previously been proposed regarding
the use of ESA and the risk of cardiovascular events [8];
increasing blood volume or viscosity as a result of ele-
vation of Hb by ESA therapy, advanced pathology asso-
ciated with tolerance to ESA and unrelated to ESA
pharmacology, or direct toxicity due to ESA, especially
at supraphysiological doses. The latter two mechanisms
could explain the poor prognosis of subjects in an ESA
hyperresponsive state.

Underlying advanced illness in subjects hyporespon-
sive to ESA has previously been reported [8,19,20],
including generalized illness, androgen deficiency,
infection and inflammation, increased cytokine signal-
ing, nutritional deficiencies, secondary hyperparathyr-
oidism, malignancy, bone marrow disorders, vitamin

Figure 2. Effect of erythropoietin responsiveness and hand grip strength on death or cardiovascular events in HD patients. 2a.
The Kaplan–Meier curves for erythropoietin responsiveness to death or cardiovascular events in HD patients. ESA hyporesponsive
patients compared to ESA responsive patients, log-rank p value < 0.0001. 2b. Kaplan–Meier curves of HGS for death or cardiovas-
cular events in HD patients. Low HGS patients compared to high HGS patients, log-rank p value ¼ 0.007. HD: hemodialysis; ESA:
erythropoiesis-stimulating agents; HGS: hand grip strength.

Figure 3. ERI is negatively correlated with HGS. The Y-axis
shows the strength of HGS (kg) and the X-axis shows the ERI.
Individual patients are shown as dots. ERI: erythropoietin
resistance index; HGS: hand grip strength.
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B12 and folate deficiencies, inadequate dialysis, and
acquired defects in iron transport [21,22]. In our data,
iron deficiency, and undernutrition were observed in

ESA-hyporesponsive patients with a poor prognosis. As
previously reported, a decrease in the ESA response is
an appropriate marker of the severity of the

Figure 4. Composite effect on death or cardiovascular events. A; low ERI/low HGS, B; high ERI/low HGS, C; low ERI/high HGS, D;
high ERI/high HGS. 4a. Kaplan–Meier curves for ESA responsiveness and HGS to death or cardiovascular events in HD patients.
4b. Kaplan–Meier curves for ESA responsiveness and HGS to cardiovascular events in HD patients. 4c. Kaplan–Meier curves for
ESA responsiveness and HGS to death in HD patients. ERI: erythropoietin resistance index; HGS: hand grip strength; ESA: erythro-
poiesis-stimulating agents; HD: hemodialysis.
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pathological condition [4], and corresponds to the
results of a cohort study that included dialysis patients
in Italy [7]. On the other hand, the importance of the
direct toxicity of ESA for cardiovascular risk was repeat-
edly raised in previous reports [8,23–25], such as the
CHIOR study: patients with high-dose ESAs, regardless
of Hb level, exhibited a higher cardiovascular risk than
patients with high Hb and low exposure to ESAs.
Taking these reports into account, high doses of ESA in
hyporesponsive patients could be an important cause
of poor prognosis in our study population.

Muscle atrophy appears due to decreased oxygen-
ated blood flow to the periphery and oxygen supply to
the muscles in patients with anemia [13], suggesting a
relationship between anemia and muscle weakness. On
the contrary, exercise increased the expression of EPO
in skeletal muscle, as well as the release of EPO into the
circulation; exercise and skeletal muscle are thought to
increase erythropoiesis and promote hematopoiesis
[26]. Exercise can increase the survival of bone marrow

transplant recipients, and suggest the potential clinical
importance of exercise for the hematopoietic system
[27]. Several studies have reported the effects of exer-
cise therapy on anemia as well as the relationship
between anemia and muscle weakness [26–28].
Treatment of anemia is an important factor in improv-
ing frailty in healthy people [13], and resistance training
for muscle strength was reported to improve HGS and
Hb levels in patients undergoing HD [28].

ESA hyporesponsiveness and low grip strength are
related to each other, have an additive impact on the
poor prognosis in patients with HD, and are independ-
ent of various other risk factors, including old age, and
DM. The key to improving this interrelated condition
may be the effects of exercise therapy on improved
anemia [26–28]. The guidelines for renal rehabilitation,
published by the Japanese Society of Renal
Rehabilitation in 2018 note that exercise therapy is
reported to be effective for improving exercise toler-
ance, QoL, dialysis efficiency, and ADL, preventing and

Table 4. Univariate analysis of the four groups and mortality and cardiovascular disease risk based on Cox proportional haz-
ards analyses.

End point; composite endpoint (all-cause death and cardiovascular disease)

Non-adjusted Adjusted

　 HR 95% CI p Value HR 95% CI p Value

Group high ERI/low HGS vs. othersa 3.63 (2.13–6.20) <0.0001 3.52 (2.00–6.20) <0.0001
High ERI/low HGS vs. Refb 4.2 (2.12–8.33) <0.0001 – – –
High ERI/high HGS vs. Refb 0.86 (0.19–3.81) 0.84 – – –
Low ERI/low HGS vs. Refb 1.34 (0.66–2.73) 0.40 – – –
Low ERI/high HGS　
(Ref. Group)

1 NA NA – – –

Age (years) (>median) 1.79 (1.06–3.11) 0.03 1.79 (1.01–3.15) 0.04
Duration of HD (years) (>median) 1.19 (0.71–2.03) 0.49 1.28 (0.73–2.23) 0.37
BMI (kg/m2) (>median) 0.91 (0.53–1.53) 0.73 1.22 (0.69–2.17) 0.47
Female vs. male 1.28 (0.73–2.19) 0.37 1.4 (0.80–2.56) 0.22
Diabetes 1.52 (0.90–2.62) 0.11 1.64 (0.94–2.84) 0.07

ERI: erythropoietin resistance index; HGS: hand grip strength; HR: Hazard ratio; CI: confidence interval; NA: not assessed; HD: hemodialysis; BMI: body
mass index.
aOthers are low ERI/lowHGS, high ERI/lowHGS, lowERI/highHGS, and high ERI/highHGS. And they are reference.
bUsing the low ERI/high HGS group as a reference. Effects of ERI and HGS on composite endpoint (all-cause death and cardiovascular disease). Cox pro-
portional hazards analyses (univariate analysis) were performed to examine associations among the 4 groups. Univariate and multivariate analysis of risk
factors associated with composite endpoint.

Table 5. Cardiovascular disease risk based on Cox proportional hazards analyses, and mortality risk based on Cox proportional
hazards analyses.

(End point: cardiovascular disease) (End point: mortality)

Univariate Multivariate Univariate Multivariate

HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value

Group high ERI/low HGS vs. othersa 2.89 (1.53–5.43) 0.001 3.02 (1.55–5.86) 0.001 7.09 (2.44–20.61) 0.0003 5.51 (1.71–17.78) 0.004
Age (years) (>median) 1.56 (0.85 –2.87) 0.14 1.74 (0.92–3.29) 0.08 2.83 (0.88–9.04) 0.07 1.63 (0.46–5.72) 0.44
Duration of HD (years) (>median) 1.15 (0.63–2.10) 0.63 1.10 (0.57–2.09) 0.76 1.34 (0.46–3.86) 0.58 1.78 (0.60–5.31) 0.29
BMI (kg/m2) (>median) 1.16 (0.63–2.11) 0.03 2.20 (1.15–4.21) 0.22 0.40 (0.12–1.30) 0.13 0.64 (0.18–2.31) 0.50
Female vs. male 1.88 (1.03–3.44) 0.03 2.20 (1.15–4.21) 0.01 0.18 (0.02–1.39) 0.10 0.17 (0.02–1.39) 0.10
Diabetes 1.58 (0.86–2.92) 0.13 1.69 (0.89–3.19) 0.10 1.36 (0.47–3.94) 0.56 1.23 (0.41–3.70) 0.70

ERI: erythropoietin resistance index; HGS: hand grip strength; HR: Hazard ratio; CI: confidence interval; HD: hemodialysis; BMI: body mass index.
aOthers are low ERI/lowHGS, high ERI/lowHGS, lowERI/highHGS, and high ERI/highHGS. And they are reference.
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improving protein-energy wasting, inhibiting protein
catabolism, and preventing cardiovascular disease [15].
To avoid the risk of CVD in patients receiving high-dose
ESA treatment [25], improvement of anemia by exercise
treatment [26,28] might be useful.

There have been no reports on the degree of
improvement in muscle strength and responsiveness to
EPO treatment through rehabilitation intervention dur-
ing dialysis. Whether training that raises HGS or
improves ESA responsiveness will change the prognosis
is a topic for future research.

This study was associated with several limitations.
First, clinical practice for renal anemia differs between
Japan and Western countries, including background
factors in CKD patients. The ESA dose and Hb level are
generally lower in Japan than in other countries; data
and results may not be representative of HD patients in
other countries. Second, there is no clear unified defin-
ition of ESA hyporesponsiveness. The guidelines pro-
posed by the Japanese Society for Dialysis Therapy [17]
differ from those of Kidney Disease: Improving Global
Outcomes guidelines [29]. Third, mortality includes
more than just cardiovascular, and various causes of
death may be related to ERI and HGS. Finally, there
were differences in the number of cases among the
four groups, making intergroup comparisons difficult.

Despite the limitations mentioned above, the syner-
gistic relationship of ESA response and low HGS with a
poor prognostic outcome in HD patients should be
widely investigated in the future because HD patients
are aging and becoming vulnerable.

Conclusion

ESA hyporesponsiveness and low HGS are predictors of
poor prognostic outcomes, and their combined effect
shows a stronger predictive ability. As a future research
theme, we are examining whether an increase in HGS
leads to an improvement in ERI.
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