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Abstract

Background The optimal hemoglobin (Hb) range in patients undergoing hemodialysis remains controversial. We aimed to
investigate the association between Hb levels and mortality in patients undergoing hemodialysis and explore the potential
factors modifying this association.

Methods This observational study utilized a nationwide database from the Japanese Renal Data Registry spanning from
2019 to 2021. This study included 265,779 patients undergoing hemodialysis thrice a week. The association between Hb
levels and all-cause and cause-specific mortality was investigated using Cox regression analysis. The nonlinear relationship
between Hb levels and outcomes was investigated using restricted cubic spline analysis.

Results During a median follow-up period of 24 months, 45,734 patients died. Compared to the reference Hb category of
10-10.9 g/dL, the risk of all-cause mortality was higher in the Hb categories of <9.0, 9.0-9.9, and > 13 g/dL with adjusted
hazard ratios (95% confidence intervals) of 1.24 (1.20-1.29), 1.09 (1.06-1.12), and 1.19 (1.14-1.25), respectively. Restricted
cubic spline analysis also showed a U-shaped relationship between Hb level and mortality. The subgroup analysis indicated
that the Hb category of 12.0-12.9 g/dL was associated with increased mortality risk in patients with a dialysis vintage
of > 10 years and those with a history of cerebral infarction.

Conclusion Hb levels of < 10.0 and > 13.0 g/dL were significantly associated with an increased mortality risk compared to

an Hb level of 10.0-10.9 g/dL in patients undergoing hemodialysis.
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Introduction

Anemia is a common complication in patients undergo-
ing maintenance hemodialysis (HD) and is associated with
adverse outcomes, including cardiovascular disease (CVD)
and mortality [1-3]. The management of anemia in patients
with chronic kidney disease (CKD), including those under-
going HD, has dramatically improved since the introduction
of erythropoiesis-stimulating agents (ESAs) in clinical prac-
tice. However, several trials showed that targeting normal
or high levels of hemoglobin (Hb) through ESA therapy did
not improve the primary outcomes of HD patients [4, 5]. To
date, several guidelines for anemia in patients with CKD
have focused on defining the optimal or target Hb levels [6].

Extended author information available on the last page of the article

The Kidney Disease Improving Global Outcomes (KDIGO)
guidelines for anemia published in 2012 recommended the
administration of ESAs to maintain an Hb level of >9 g/dL
without exceeding 11.5 g/dL [7]. Meanwhile, the Japanese
Society for Dialysis Therapy (JSDT) revised its guideline
in 2015 and set the target range of Hb levels in HD patients
at 10-12 g/dL in the blood samples collected before the HD
session at the beginning of the week [8]. This target range
was established based on several studies investigating the
association of Hb levels with mortality, CVD, frequency of
blood transfusion, and quality of life [9-14].

However, these guidelines are largely based on studies
conducted up to the 2000s, and they may not fully align
with the current circumstances surrounding dialysis ther-
apy. Since that study era, several changes have occurred in
dialysis management in Japan. For example, the improve-
ment in dialysis fluid quality [15], the widespread use of
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hemodiafiltration (HDF) [16, 17], as well as the dissemi-
nation of long-acting ESA, can impact both anemia man-
agement and patient prognosis. The rapid increase in aging
patients [15] may also potentially influence anemia manage-
ment. Therefore, uncertainty exists on whether the target
Hb levels recommended by these guidelines are applicable
to current clinical practice. Furthermore, the optimal Hb
level may differ based on the demographic characteristics of
patients. Existing studies have indicated that several factors
like diabetes, CVD, and older age can modify the association
between Hb levels and adverse outcomes in HD patients [11,
18-20], reinforcing the need for further investigation into
individualizing the target Hb range.

In this study, we aimed to determine the optimal Hb
range applied for current practice and explore the feasibili-
ties of individualizing the target Hb range. We investigated
the association between Hb levels and mortality in patients
undergoing HD, and explored the potential factors modify-
ing this association using the latest nationwide database.

Materials and methods
Study design and population

Data used in this study were obtained from the JSDT Renal
Data Registry (JRDR) database from 2019 to 2021. This
study involved a nationwide survey of patients undergoing
dialysis. Annually, the JSDT collects data from all dialysis
units in Japan. The response rate was approximately 95%
each year. Details of the JRDR data collection, including the
survey items in 2019, have been described elsewhere [15].
Patients undergoing HD thrice a week without combina-
tion therapy with peritoneal dialysis (PD) at the end of 2019
were enrolled in this study. Patients who underwent HD for
less than 3 h per session, aged < 18 years, with missing data
on Hb levels at baseline, and with a dialysis vintage of <3
months were excluded.

Exposure of interest and outcomes

The exposure of interest was the Hb level, which was catego-
rized into six groups: <9.0, 9.0-9.9, 10.0-10.9, 11.0-11.9,
12.0-12.9, and > 13.0 g/dL. The Hb category of 10.0-10.9 g/
dL served as the reference in analyses. The primary outcome
was all-cause mortality, and the secondary outcomes were
cause-specific deaths from cardiovascular, infectious, and
malignant diseases. The CVD-related deaths encompassed
heart failure, pulmonary edema, ischemic heart disease,
arrhythmia, valvular heart disease, cerebral infarction, cer-
ebral hemorrhage, or subarachnoid hemorrhage. Data on
deaths were extracted from the records at the end of 2020
and 2021.

@ Springer

Statistical analysis

Continuous variables were expressed as the mean and
standard deviation or median and interquartile range, as
appropriate, while categorical variables were expressed as
numbers and percentages. Transferrin saturation (TSAT)
was calculated by dividing serum iron by total iron-bind-
ing capacity. Whole parathyroid hormone (PTH) values
were converted to intact PTH values using the following
equation: intact PTH = whole PTH x 1.7 [21].

The association between Hb levels and mortality was
assessed using Kaplan—Meier (log-rank trend test) and
Cox regression analyses. Crude, age- and sex-adjusted,
and fully adjusted models were evaluated. The potential
confounders at baseline included in the fully adjusted
model were as follows: age, sex, body mass index, systolic
blood pressure, current smoking status, dialysis vintage,
dialysis modality (HD versus HDF), dialysis time per ses-
sion, fluid removal per body weight, etiology of kidney
disease, diabetes, medication for hypertension, history
of ischemic heart disease, cerebral hemorrhage, cerebral
infarction, and quadruple amputation, single-pool Kt/V,
serum levels of creatinine, albumin, total cholesterol,
C-reactive protein (CRP), corrected calcium, phosphate,
intact PTH and ferritin, TSAT, and use of iron prepara-
tions and iron-containing phosphate binders. Variables
with skewed distributions, namely, dialysis vintage and
levels of CRP, intact PTH and ferritin levels, were log-
transformed in the analyses. Dialysis time per session was
categorized into three groups: <4, 4-5, and > 5 h. A fully
adjusted restricted cubic spline model with five knots at
Hb levels of 9.0, 10.0, 11.0, 12.0, and 13.0 g/dL was used
to examine the nonlinear relationship between Hb levels
and mortality. Fully adjusted Cox regression analyses
were performed to evaluate the cause-specific mortality
rate (death from cardiovascular, infectious, and malignant
diseases). Subgroup analyses were performed to investi-
gate the consistency of the association between Hb lev-
els and all-cause mortality according to age, sex, dialysis
vintage, dialysis modality, dialysis time per session, etiol-
ogy of kidney disease, diabetes, and history of ischemic
heart disease and cerebral infarction. Dialysis vintage was
categorized into three groups, closely approximating ter-
tiles. As a sensitivity analysis, stratified Cox regression
analysis based on decile of facility-level patient counts was
performed to account for differences in practice patterns
across facilities. In the stratified Cox model, the difference
in facility-level patient counts was accounted for through
the variation in baseline hazards across each decile.

Assuming that data were missing at random, multi-
ple imputation by chained equations was employed to
impute the missing covariates, leading to the creation of
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30 complete datasets. The imputation model included all
variables used in the Cox regression analyses, the end-
point indicator, and the Nelson—Aalen cumulative hazard
estimate [22]. Results from the 30 datasets were combined
using Rubin’s rules [23].

A P-value of <0.05 was considered significant. All sta-
tistical analyses were performed using Stata MP 18.0 (Stata
Corp., College Station, TX, USA).

Results
Baseline characteristics of the study participants

Of the 281,728 patients undergoing HD thrice a week with-
out combination therapy with PD, 265,779 were included in
the analyses (Fig. 1). The baseline characteristics according
to the Hb category are shown in Table 1. Higher Hb levels
were associated with younger age; male sex; higher height;
heavier weight; higher frequency of current smoking and
HDF; longer dialysis time per session; higher serum levels
of urea nitrogen, creatinine, albumin, and phosphate; higher
TSAT; and lower serum ferritin levels.

Association of Hb levels with all-cause mortality

During a median follow-up period of 24 months, 45,734
patients died, 606 underwent kidney transplantation, and 391
discontinued dialysis. A significant difference was identi-
fied in the survival probability across the Hb categories
(log-rank trend, P <0.001; Fig. 2). The multivariable Cox
regression analysis showed that the Hb categories of < 9.0,
9.0-9.9, and > 13.0 g/dL were significantly associated with
higher all-cause mortality compared to the reference cat-
egory of 10.0-10.9 g/dL, with hazard ratios (HRs) and
95% confidence intervals (CIs) of 1.24 (1.20-1.29), 1.09
(1.06-1.12), and 1.19 (1.14-1.25), respectively (Table 2).

Patients undergoing HD three times a week
without PD combination
N = 281,728

Exclusion criteria

Dialysis time of less than 3 hours per session
(N =1,289)

Aged less than 18 years
(N=12)

A4

Missing Hb levels at baseline
(N =7,936)

Dialysis vintage of less than 3 months
(N=6,712)

A 4

N = 265,779

Fig. 1 Flowchart diagram showing the study process. Hb haemoglo-
bin, HD hemodialysis, PD peritoneal dialysis

The Hb category of 11.0-11.9 g/dL exhibited lower mor-
tality compared to the reference group (HR: 0.95, 95% CI:
0.93-0.98). Restricted cubic spline analysis yielded a con-
sistent result (Fig. 3).

Subgroup analysis

Table 3 presents the results of the subgroup analyses. The
patients with a dialysis vintage of <3 years and with a dialy-
sis time of >5 h did not show an elevated mortality risk
in the Hb category of > 13 g/dL. Conversely, those with a
dialysis vintage of > 10 years and with a history of cerebral
infarction had an increased mortality risk in the higher Hb
categories of > 12 g/dL. Regarding the etiology of kidney
failure, anemia was not associated with an increased mortal-
ity risk in patients with polycystic kidney disease. Other pre-
specified relevant factors, including age and dialysis modal-
ity, did not substantially modify the relationship between Hb
levels and mortality.

Cause-specific death

A total of 14,203, 9714, and 3905 patients died from car-
diovascular, infectious, and malignant diseases, respectively.
The results of the fully adjusted cause-specific Cox regres-
sion analyses are presented in Table 4. The Hb categories
0f<9.0, 9.0-9.9, and > 13.0 g/dL were associated with
increased CVD mortality compared to the reference category
of 10.0-10.9 g/dL. Low Hb categories were associated with
an increased risk of death from infectious and malignant dis-
eases, while high Hb categories were not. Subgroup analyses
stratified by clinically relevant factors for CVD mortality
were also performed (Supplementary Table 1). Patients
with a dialysis vintage of <3 years and with a dialysis time
of > 5 h showed no increased risk of CVD death in the high-
est Hb category of > 13 g/dL. However, those with a history
of cerebral infarction and with a CRP level of >0.15 mg/dL
had an increased mortality risk in the higher Hb categories
of > 12 g/dL.

Sensitivity analysis

To account for the difference in facility size, the stratified
Cox regression analysis based on deciles of facility-level
patient counts was performed. This analysis yielded results
consistent with the main analysis (Supplementary Table 2).
Discussion

In this nationwide study, a clear association was estab-

lished between Hb levels and mortality in patients under-
going HD. Compared to the Hb category of 10.0-10.9 g/
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Table 1 Baseline characteristics according to the hemoglobin category

Total Missing (%) Hb category (g/dL)
<9 9-9.9 10-10.9 11-11.9 12-12.9 >13
N 265,779 13,423 33,356 82,703 85,008 36,714 14,575
Hb, g/dL 11.0 (1.3) 0 8.2(0.8) 9.5(0.3) 10.5 (0.3) 11.4 (0.3) 12.4 (0.3) 13.8 (0.8)
Age, years 69 (12) 0 72 (12) 71 (12) 70 (12) 69 (12) 68 (12) 65 (13)
Male, n (%) 174,679 (65.7) 0O 8153 (60.7) 20,706 (62.1) 52,763 (63.8) 56,519 (66.5) 25,584 (69.7) 10,954 (75.2)
Dialysis vin- 69 (31-135)  0.05 67 (29-129) 69 (31-132) 68 (32-133) 69 (32-135) 69 (30-137) 78 (34-143)
tage, months
Etiology of 0
ESKD, n (%)
CGN 69,194 (26.0) 3101 (23.1) 8361 (25.1) 21,512 (26.0) 22,673 (26.7) 9,832 (26.8) 3715 (25.5)
Diabetic 104,608 (39.4) 5495 (40.9) 13,454 (40.3) 32,326 (39.1) 32,964 (38.8) 14,425 (39.3) 5944 (40.8)
nephropa-
thy
Nephroscle- 31,951 (12.0) 1598 (11.9) 4082 (12.2) 10,218 (12.4) 10,345 (12.2) 4210 (11.5) 1498 (10.3)
rosis
PKD 9917 (3.7) 398 (3.0) 1033 (3.1) 2851 (3.4) 3244 (3.8) 1557 (4.2) 834 (5.7)
Others or 50,109 (18.9) 2831 (21.1) 6,426 (19.3) 15,796 (19.1) 15,782 (18.6) 6,690 (18.2) 2584 (17.7)
unknown
Height, cm 160.8 (9.6) 6.4 159.2 (9.7) 159.7 (9.7) 160.4 (9.6) 161.1 (9.5) 161.7 (9.5) 163.0 (9.5)
Body weight, 57.3 (13.9) 0.8 53.5(13.1) 55.3(13.4) 56.9 (13.6) 57.9 (13.9) 58.5(14.2) 61.0 (15.5)
kg
Body mass 22.0(4.2) 7.0 21.04.1) 21.54.1) 22.0(4.1) 22.1(4.2) 222 (4.2) 22.8 (4.6)
index, kg/m?
Systolic blood 152 (24) 1.9 147 (26) 151 (25) 152 (24) 152 (24) 152 (25) 151 (26)
pressure,
mmHg
Diastolic 78 (15) 2.0 74 (15) 76 (15) 78 (14) 79 (14) 80 (15) 82 (15)
blood pres-
sure, mmHg
Current smok- 23,286 (10.9) 24.4 922 (8.6) 2,575 (9.6) 6960 (10.5) 7592 (11.1) 3591 (12.2) 1646 (14.1)
ing status, n
(%)
Dialysis 0
modality, n
(%)
HD 144,299 (54.3) 8761 (65.3) 19,499 (58.5) 44,893 (54.3) 44,415(52.2) 19,185(52.3) 7546 (51.8)
HDF 121,480 (45.7) 4662 (34.7) 13,857 (41.5) 37,810 (45.7) 40,593 (47.8) 17,529 (47.7) 7029 (48.2)
Dialysis time 0
per session,
n (%)
>5h 25,901 (9.7) 828 (6.2) 2509 (7.5) 7412 (9.0) 8812 (10.4) 4151 (11.3) 2189 (15.0)
4-5h 202,738 (76.3) 9762 (72.7) 25,101 (75.3) 63,622 (76.9) 65,494 (77.0) 27,980 (76.2) 10,779 (74.0)
<4h 37,140 (14.0) 2,833 (21.1) 5,746 (17.2) 11,669 (14.1) 10,702 (12.6) 4583 (12.5) 1607 (11.0)
Fluid removal 4.4 (1.6) 0.8 4.2 (1.8) 4.4 (1.7) 4.4(1.6) 4.4(1.5) 4.4(1.6) 4.3(1.6)
per body
weight, %
spKt/V 1.50 (0.32) 4.8 1.43 (0.34) 1.48 (0.33) 1.51 (0.32) 1.51 (0.31) 1.50 (0.31) 1.46 (0.31)
Urea nitrogen, 60 (15) 0.3 56 (18) 58 (16) 60 (15) 61 (15) 62 (15) 63 (15)
mg/dL
Creatinine, 9.85 (2.82) 0.3 8.29 (2.76) 9.15 (2.72) 9.72 (2.69) 10.10 (2.74) 10.34 (2.87) 10.96 (3.09)
mg/dL
TSAT, % 26.6 (12.9) 21.1 25.4 (17.6) 25.1 (13.7) 26.1 (12.4) 27.0 (12.1) 27.7 (12.7) 28.7 (13.6)
Ferritin, ng/ 83 (39-163) 7.3 114 (42-254) 94 (39-187) 85 (39-165) 81 (39-154) 76 (39-147) 69 (37-134)

mL

@ Springer



Clinical and Experimental Nephrology (2025) 29:831-842

835

Table 1 (continued)

Total Missing (%) Hb category (g/dL)
<9 9-9.9 10-10.9 11-11.9 12-12.9 >13
Albumin, g/dL. 3.5 (0.4) 0.7 3.2(0.6) 3.4(0.5) 3.5(04) 3.6 (0.4) 3.6 (0.4) 3.6(0.4)
Calcium, mg/ 8.6 (0.7) 0.3 8.4 (0.8) 8.6 (0.8) 8.6 (0.7) 8.7(0.7) 8.7(0.7) 8.7(0.8)
dL
Phosphate, 5.2(1.5) 0.3 4.7 (1.6) 5.0(1.5) 51(1.4) 53(1.4) 5.4(1.5) 5.7 (1.6)
mg/dL

Intact PTH, 136 (77-212) 4.7
pg/mL

CRP, mg/dL 0.15 (0.06— 14.6

0.46)
Medication for 156,365 (66.6) 13.1
hyperten-
sion, n (%)

Diabetes, n 133,014 (54.4) 8.8
(%)

History of 61,048 (26.9) 17.0
ischemic
heart dis-
ease, n (%)

History of 14,661 (6.6) 19.0
cerebral
hemorrhage,
n (%)

History of 41,520 (18.4) 175
cerebral
infarction, n
(%)

History of 8520 (3.8) 17.5
quadruple
amputation,
n (%)

123 (62-205)

0.44 (0.11-
1.75)

7136 (60.5)

7018 (56.6)

3355 (29.2)

918 (8.1)

2508 (21.9)

629 (5.5)

131 (72-209)

0.20 (0.07-

0.72)

19,530 (66.5)

17,148 (55.8)

7889 (27.6)

1963 (7.0)

5597 (19.6)

1238 (4.4)

135 (77-210)

0.15 (0.06—
0.44)

49,642 (68.0)

41,138 (54.2)

18,705 (26.5)

4449 (6.4)

12,823 (18.2)

2418 (3.4)

138 (80-213)

0.13 (0.05—
0.37)

51,081 (67.8)

41,910 (53.7)

18,981 (26.1)

4532 (6.3)

12,744 (17.6)

2478 (3.4)

138 (79-217)

0.13 (0.06—
0.36)

21,406 (65.8)

18,310 (54.2)

8,401 (26.8)

2004 (6.5)

5645 (18.1)

1139 (3.6)

142 (78-223)

0.16 (0.07—
0.41)

7570 (58.9)

7490 (55.8)

3717 (29.9)

795 (6.5)

2203 (17.9)

618 (5.0)

CGN chronic glomerulonephritis, CRP C-reactive protein, ESKD end-stage kidney disease, Hb hemoglobin, HD hemodialysis, HDF hemodiafil-
tration, PKD polycystic kidney disease, PTH parathyroid hormone, spK#/V single-pool Kt/V, TSAT transferrin saturation

Fig.2 Kaplan—Meier curves for
all-cause mortality across all Hb
categories. Hb hemoglobin

Survival probability

1.00q — =
0.75+
0.50
Hb category, g/dL
<9 Log-rank trend P <0.001
— 9-99
0.25 — 10-10.9
11-11.9
— 12-129
_ >
0.00+ 213
T T T T T
0 6 12 18 24

Observational period (Months)

@ Springer



836 Clinical and Experimental Nephrology (2025) 29:831-842

Table 2 Hazard ratios and 95% confidence intervals for all-cause mortality and the hemoglobin categories

Model Hazard ratios (95% confidence intervals)

Hb, g/dL

<9 9-9.9 10-10.9 11-11.9 12-12.9 >13
1? 2.64 (2.56-2.73) 1.47 (1.43-1.51) 1 (Reference) 0.82 (0.80-0.84) 0.81 (0.79-0.84) 0.87 (0.83-0.91)
2b 2.46 (2.38-2.54) 1.41 (1.37-1.45) 1 (Reference) 0.86 (0.84-0.88) 0.90 (0.87-0.93) 1.08 (1.03-1.13)
3¢ 1.24 (1.20-1.29) 1.09 (1.06-1.12) 1 (Reference) 0.95 (0.93-0.98) 1.02 (0.99-1.06) 1.19 (1.14-1.25)

*Model 1, crude model

"Model 2, adjusted for age and sex

“Model 3, Model 2+ adjusted for BMI, systolic blood pressure, current smoking status, dialysis vintage, dialysis modality (HD versus HDF),
dialysis time per session, fluid removal per body weight, etiology of kidney disease, diabetes, medication for hypertension, history of ischemic
heart disease, history of cerebral hemorrhage, history of cerebral infarction, history of quadruple amputation, single-pool Kt/V, serum levels of
creatinine, albumin, total cholesterol, CRP, corrected calcium, phosphate, intact PTH, and ferritin, TSAT, and use of iron preparations and iron-
containing phosphate binders

BMI body mass index, CRP C-reactive protein, Hb hemoglobin, HD hemodialysis, HDF hemodiafiltration, PTH parathyroid hormone, TSAT

transferrin saturation

Fig.3 Restricted cubic spline 2
curve depicting the the adjusted
hazard ratios and 95% confi-
dence intervals for all-cause 2
mortality, with a reference to an g 1.75
Hb level of 10.0 g/dL, presented g
alongside a histogram. Hb o
. (2]
hemoglobin 2 157
?
w
5
o 1.254
©
o
B
N
© 14
T
.75+

dL, the Hb categories of <9.0, 9.0-9.9 and > 13.0 g/dL
were associated with a higher risk of all-cause mortality.
The subgroup analysis further revealed an increased mor-
tality risk associated with the Hb category of 12.0-12.9 g/
dL in patients with a dialysis vintage of > 10 years and
with a history of cerebral infarction. This finding suggests
potential variations in the upper limit depending on the
patients’ background. In the JSDT guidelines for renal
anemia revised in 2015, the recommended Hb range was
10-12 g/dL [8]. Despite the recent alterations in the back-
ground and management of dialysis patients, our results
were compatible with the recommendation of the JSDT
guideline. This study strengthens the evidence for main-
taining an Hb range of 10-12 g/dL in patients undergoing
HD.

@ Springer

9 10 11 12 13 14 15 16 17
Hb (g/dL)

The observed association between low Hb levels and
mortality risk aligns with the report of previous observa-
tional studies [9, 10, 24, 25]. Similar to our study, an Hb
level below 10-11 g/dL was associated with a higher mortal-
ity in these studies. Therefore, establishing a lower limit of
the Hb level of 10 g/dL is reasonable. Conversely, an optimal
Hb level exceeding 10 g/dL may be considered for minimiz-
ing mortality risk. The mortality risk was lowest in the Hb
range of 11-12 g/dL, as reported in previous studies [24,
25]. The PARAMOUNT-HD study is a randomized con-
trolled trial that investigated the target Hb levels in Japanese
HD patients with hyporesponsiveness to ESA treatment [26].
The proactive treatment group (target Hb level: 11 g/dL)
had a lower risk of cardiovascular events compared with the
maintenance treatment group (target Hb level: 9-10 g/dL).
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Table 3 Subgroup analysis of the association between hemoglobin categories and all-cause mortality
No. of events/total Fully adjusted hazard ratios (95% confidence intervals)
no. of patients
Hb, g/dL
<9.0 9-9.9 10-10.9 11-11.9 12-12.9 >13.0
Overall 45,734/265,779 1.24 1.09 1 (Reference) 0.95 1.02 1.19
(1.20-1.29)  (1.06-1.12) (0.93-0.98)  (0.99-1.06) (1.14-1.25)
Sex
Male 30,657/174,679 1.28 1.09 1 (Reference) 0.96 1.02 1.15
(1.22-1.33) (1.06-1.13) (0.93-0.99) (0.98-1.06)  (1.09-1.21)
Female 15,077/91,100 1.17 1.08 1 (Reference) 0.95 1.02 1.28
(1.11-1.24)  (1.03-1.13) (0.91-0.99) (0.97-1.09) (1.17-1.40)
Age, years
<65 5,584/83,802 1.21 1.13 1 (Reference) 0.88 1.00 1.20
(1.09-1.35)  (1.03-1.23) (0.82-0.95)  (0.92-1.10)  (1.08-1.34)
65-74 12,539/86,206 1.31 1.13 1 (Reference) 0.94 1.04 1.21
(1.23-1.40) (1.07-1.19) (0.90-0.99) (0.98-1.10) (1.11-1.32)
>75 27,611/95,771 1.18 1.05 1 (Reference) 0.97 1.01 1.13
(1.13-1.23)  (1.02-1.09) (0.94-1.00)  (0.97-1.05)  (1.06-1.21)
Etiology of ESKD
CGN 9,710/69,194 1.26 1.13 1 (Reference) 1.03 1.05 1.22
(1.17-1.36)  (1.07-1.21) (0.98-1.09) (0.98-1.13)  (1.10-1.35)
DN 19,786/104,608 1.25 1.09 1 (Reference) 0.94 1.03 1.17
(1.19-1.32)  (1.04-1.13) (0.91-0.98)  (0.98-1.08) (1.10-1.26)
Nephrosclerosis 6,212/31,951 1.20 1.14 1 (Reference) 0.99 1.02 1.33
(1.09-1.32)  (1.05-1.22) (0.93-1.06)  (0.93-1.12) (1.17-1.52)
PKD 1,121/9,917 0.97 0.90 1 (Reference) 0.91 1.07 1.33
(0.77-1.22)  (0.75-1.10) (0.77-1.07)  (0.88-1.30)  (1.03-1.71)
Dialysis modality
HD 28,353/144,299 1.22 1.08 1 (Reference) 0.95 1.01 1.14
1.17-1.27) (1.04-1.12) (0.92-0.98) (0.97-1.05) (1.07-1.21)
HDF 17,381/121,480 1.29 1.10 1 (Reference) 0.96 1.04 1.26
(1.22-1.38)  (1.05-1.15) (0.92-1.00)  (0.99-1.10)  (1.18-1.36)
Dialysis vintage, years
<3 11,492/75,682 1.26 1.13 1 (Reference) 0.92 0.95 1.09
(1.18-1.35) (1.07-1.20) (0.88-0.97)  (0.89-1.01)  (0.98-1.20)
3-10 20,635/112,158 1.25 1.07 1 (Reference) 0.96 1.04 1.23
(1.19-1.32) (1.02-1.11) (0.93-1.00)  (0.99-1.09) (1.15-1.32)
>10 13,567/77,805 1.16 1.06 1 (Reference) 0.98 1.08 1.23
(1.09-1.24) (1.01-1.12) (0.94-1.02) (1.02-1.15) (1.13-1.33)
Dialysis time per session
>5h 2,756/25,901 1.34 1.10 1 (Reference) 0.85 0.94 1.05
(1.15-1.56)  (0.97-1.24) (0.77-0.94)  (0.83-1.07)  (0.89-1.24)
4-5h 33,061/202,738 1.25 1.09 1 (Reference) 0.95 1.03 1.21
(1.20-1.31)  (1.05-1.13) (0.92-0.98) (0.99-1.07) (1.14-1.27)
<4h 9,917/37,140 1.19 1.07 1 (Reference) 1.00 1.05 1.21
(1.11-1.27) (1.01-1.14) (0.95-1.06) (0.97-1.12)  (1.08-1.35)
Diabetes
Present 25,582/133,014 1.23 1.09 1 (Reference) 0.95 1.03 1.18
(1.17-1.28) (1.05-1.13) (0.92-0.98)  (0.99-1.08) (1.11-1.26)
Absent 16,798/111,328 1.26 1.09 1 (Reference) 0.96 1.01 1.20
(1.20-1.34)  (1.04-1.14) (0.92-1.00)  (0.96-1.06) (1.11-1.29)
History of IHD
Present 14,047/61,048 1.21 1.05 1 (Reference) 0.95 1.03 1.18
(1.14-1.28)  (1.00-1.11) (0.91-0.99) (0.98-1.09) (1.10-1.27)
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Table 3 (continued)

No. of events/total Fully adjusted hazard ratios (95% confidence intervals)

no. of patients

Hb, g/dL
<9.0 9-9.9 10-10.9 11-11.9 12-12.9 >13.0
Absent 25,132/166,053 1.26 1.11 1 (Reference) 0.96 1.01 1.19
(1.20-1.32) (1.07-1.15) (0.93-0.99) (0.97-1.06)  (1.12-1.26)
History of cerebral infarction
Present 10,985/41,520 1.27 1.11 1 (Reference) 1.02 1.08 1.20
(1.19-1.36) (1.05-1.17) (0.97-1.07) (1.02-1.16)  (1.09-1.32)
Absent 28,151/184,584 1.23 1.08 1 (Reference) 0.93 1.00 1.18
(1.18-1.29) (1.04-1.11) (0.90-0.96) (0.96-1.04) (1.12-1.25)
CRP, mg/dL
>0.15 28,467/117,915 1.25 1.09 1 (Reference) 0.95 1.02 1.17
(1.20-1.30) (1.05-1.12) (0.92-0.98) (0.98-1.07) (1.11-1.24)
<0.15 11,923/113,908 1.46 1.13 1 (Reference) 0.96 1.02 1.23
(1.35-1.58) (1.07-1.19) (0.91-1.00)  (0.96-1.08)  (1.13-1.34)

The bold notations of hazard ratios and 95% confidence intervals indicate that the Hb category is associated with a higher risk of mortality com-

pared with the reference group

CGN chronic glomerulonephritis, DN diabetic nephropathy, ESKD end-stage kidney disease, Hb hemoglobin, HD hemodialysis, HDF hemodia-

filtration, /HD ischemic heart disease, PKD polycystic kidney disease

Table 4 Adjusted hazard ratios
and 95% confidence intervals

Adjusted hazard ratios (95% confidence intervals)

for cause-specific death and the Hb, g/dL
hemoglobin categories
<9 9-9.9 10-10.9 11-11.9 12-12.9 >13
Cardiovascular disease
1.20 1.09 1 (Reference) 0.95 1.04 1.32
(1.12-1.27) (1.04-1.15) (0.91-0.99) (0.99-1.10) (1.22-1.43)
Infectious disease
1.14 1.01 1 (Reference) 0.95 1.00 1.11
(1.06-1.23) (0.95-1.07) (0.90-1.00) (0.93-1.07) (0.99-1.23)
Malignant disease
1.64 1.12 1 (Reference) 0.87 0.89 0.90
(1.47-1.82) (1.02-1.23) (0.80-0.94) (0.79-1.00) (0.75-1.07)

The adjusted variables remained consistent with those utilized in the main analysis: age, sex, body mass
index, systolic blood pressure, current smoking status, dialysis vintage, dialysis modality (hemodialysis
versus hemodiafiltration), dialysis time per session, fluid removal per body weight, etiology of kidney dis-
ease, diabetes, medication for hypertension, history of ischemic heart disease, history of cerebral hemor-
rhage, history of cerebral infarction, history of quadruple amputation, single-pool Kt/V, serum levels of
creatinine, albumin, total cholesterol, C-reactive protein, corrected calcium, phosphate, intact parathyroid
hormone, and ferritin, transferrin saturation, and use of iron preparations and iron-containing phosphate

binders
Hb hemoglobin

Although the results of this trial cannot be generalized to all
dialysis patients owing to the inclusion criteria, it yielded
some insights into the target Hb levels. Further studies are
needed to determine the optimal target Hb levels.

This study also provides insights into the upper limit
of the Hb level. The normalization of anemia using ESA
did not necessarily improve the prognosis in patients with
CKD. The Normal Hematocrit Study investigated whether
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the normalization of hematocrit using epoetin improved
the outcomes in patients with congestive heart failure or
ischemic heart disease undergoing HD [4]. Compared to the
low hematocrit group (hematocrit 30%), the risk of death
or nonfatal myocardial infarction increased in the normal
hematocrit group (hematocrit 42%), prompting the prema-
ture cessation of the study. However, high Hb or hematocrit
levels were not necessarily associated with an increased risk
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of adverse outcomes in observational studies [9-11, 24].
This discrepancy could be attributed to the different settings
between the achieved Hb levels in observational studies and
the target Hb levels in interventional studies. In observa-
tional studies, patients with high achieved Hb levels did not
always receive increased doses of ESAs, and some patients
had naturally high Hb levels without ESAs. An Hb level
of > 12.0 g/dL achieved without ESAs was not associated
with an increased risk of mortality in the Dialysis Outcomes
and Practice Patterns Study (DOPPS) [27]. However, an Hb
level of > 13.0 g/dL was associated with an increased risk of
all-cause and cardiovascular death in our study. This find-
ing holds significance in establishing the upper limit of Hb
levels. Considering the increased mortality risk observed at
an Hb level above 12.0 g/dL in certain subgroups, it seems
valid to set the upper limit of Hb levels at 12 g/dL.

Several studies have explored whether the optimal Hb
levels depend on the patients’ background. Hanafusa et al.
reported that younger patients had poor outcomes at an
Hb level of < 10 g/dL, while older patients had poor out-
comes at an Hb level of <9 g/dL, based on the J-DOPPS
database [20]. By contrast, our study revealed a consistent
relationship between Hb levels and mortality across the
age categories. This discrepancy may be owing to differ-
ences in the study era or sample sizes between studies.
Unlike previous studies, our findings indicated that dia-
betes and ischemic heart disease did not modify the rela-
tionship between Hb levels and mortality. Maekawa et al.
demonstrated that the presence of CVD or atherosclerosis
attenuated the effect of hematocrit levels on mortality risk
in HD patients [28]. Furthermore, the relationship between
low Hb levels and high mortality risk in dialysis patients
diminished among those with diabetes [11, 18]. Currently,
it remains unclear whether the lower limit of Hb levels var-
ies depending on the presence of CVD and diabetes, and
further studies are needed. Conversely, cerebral infarction
influenced the relationship between Hb levels and mortal-
ity in our study, with an elevated risk of all-cause and
cardiovascular mortality observed at Hb levels above 12 g/
dL in those with cerebral infarction. Dialysis sessions were
associated with an elevation in whole-blood viscosity, with
Hb and hematocrit levels demonstrating a positive correla-
tion with an increase in whole-blood viscosity [29]. Cer-
ebral oxygen delivery was suggested to decrease beyond
the hematocrit level of 35% in HD patients undergoing
recombinant human erythropoietin therapy [30]. Patients
with cerebral infarction may be vulnerable to increased
blood viscosity along with elevated Hb levels. We also
examined the dialysis background, including dialysis time,
vintage, and modality, as stratification factors. Dialysis
time per session and modality were associated with ane-
mia and ESA response [31]. In this study, high Hb levels
were not associated with an increased mortality risk in

patients undergoing dialysis for > 5 h per session. Those
with longer dialysis times per session tended to undergo
dialysis with lower ultrafiltration rates and have a lower
mortality risk [32]. In these patients, the rise in Hb levels
may not easily increase blood viscosity. Regarding dialysis
vintage, patients with a short dialysis vintage (<3 years)
did not exhibit an elevated risk of mortality at high Hb lev-
els, while those with a long dialysis vintage (> 10 years)
experienced an increased risk at an Hb level of > 12.0 g/
dL. Those undergoing long-term dialysis may be suscep-
tible to increased blood viscosity with elevated Hb levels.

This study demonstrated that Hb levels had different
impacts on mortality risk depending on the cause of death,
particularly at high Hb levels. The highest category of
Hb > 13 g/dL was associated with an increased risk of death
due to cardiovascular disease, which aligns with the case
of all-cause mortality. This Hb category was also associ-
ated with a tendency of a higher risk of death from infec-
tious disease, with HR (95% CI) of 1.11 (0.99-1.23). On
the other hand, this association at Hb levels above 13 g/dL
was not observed in death from malignant disease. The dif-
ferent impact of high Hb levels on death from malignant
disease may be explained by underlying malignant tumor
at baseline. Patients with advanced malignant tumor tend
to develop anemia and typically do not have high Hb levels.
Consequently, it is conceivable that patients with high Hb
levels did not have an increased risk of death from malig-
nant disease due to the low probability of having advanced
malignant tumor. Further studies incorporating more data on
underlying diseases are required regarding the association
between Hb levels and cause-specific death.

This study has several limitations. First, we could not
establish a causal relationship between Hb levels and out-
comes due to its retrospective observational nature. Second,
there were unmeasured potential confounding factors. For
example, data on ESAs were unavailable in this study. Previ-
ous studies indicated that high Hb levels achieved without
ESAs did not exacerbate the prognosis in the DOPPS [27].
ESA dose and responsiveness can also influence the results.
In addition, data on systemic or hematologic disorders were
also unavailable in this study, which could introduce bias.
Further studies that account for these factors are needed.
Third, as the data from the JRDR survey was collected
annually, the variation in Hb levels could not be adequately
evaluated in this study. As the variability in Hb levels is
associated with the risk of adverse events [33], future studies
should incorporate it. Fourth, as we conducted exploratory
subgroup analyses across various strata, the results should
not be overemphasized. Further studies are needed to con-
firm the validity of these findings. Finally, the findings of
this study may not be applicable to patients taking hypoxia-
inducible factor prolyl hydroxylase (HIF-PH) inhibitors.
As roxadustat, the first approved HIF-PH inhibitor, was
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launched in Japan at the end of November 2019, data on
HIF-PH inhibitors were unavailable at the study baseline.

In conclusion, the Hb categories of <9.0, 9.0-9.9,
and > 13.0 g/dL were significantly associated with increased
risk of mortality compared with the category of 10.0-10.9 g/
dL in Japanese patients undergoing HD. The Hb category of
12.0-12.9 g/dL was also associated with an increased risk
depending on the patient’s background. We believe that this
study strengthens the evidence supporting the optimal Hb
range of 10-12 g/dL in patients undergoing HD.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10157-025-02632-9.

Acknowledgements The authors express their gratitude for the valu-
able contributions made by the staff members responsible for register-
ing and maintaining the JRDR database. The data reported herein were
obtained from the JRDR database. The interpretation and reporting
of these data are the responsibility of the authors and should not be
viewed as an official policy or interpretation of the JSDT. Addition-
ally, we would like to thank Editage (www.editage.com) for providing
excellent English language editing assistance.

Author contributions Conceptualization: Takaaki Kosugi, Takeshi
Hasegawa, and Kazuhiko Tsuruya; formal analysis: Takaaki Kosugi;
methodology: Takaaki Kosugi, Takahiro Imaizumi, Hiroki Nishiwaki,
and Takeshi Hasegawa; supervision: Hirokazu Honda, Yasuhiko Ito,
Kazuhiko Tsuruya, and Takahiro Kuragano; writing—original draft:
Takaaki Kosugi; writing—review and editing: Takaaki Kosugi, Takeshi
Hasegawa, Takahiro Imaizumi, Hiroki Nishiwaki, Hirokazu Honda,
Kazuhiko Tsuruya, Yasuhiko Ito, Masanori Abe, Norio Hanafusa, and
Takahiro Kuragano.

Funding This work was supported by Grant-in-Aid for Scientific
Research from the Japan Society for the Promotion of Science (Grant
number: 24K06239) in the roles of manuscript conception, planning,
and writing.

Data availability Our data are not readily accessible or available to the
public due to the constraints imposed by personal information protec-
tion laws. The data underlying this article will be shared upon reason-
able request from the corresponding authors.

Declarations

Conflict of interest TKo has no conflicts of interest to disclose. TH has
no conflicts of interest to disclose. TI received honoraria from GSK.
HN has no conflicts of interest to disclose. HH received honoraria from
Astellas, Bayer, Chugai, Kissei, Kyowa Kirin, Mitsubishi Tanabe, and
Torii. YI received honoraria from Chugai, Kyowa Kirin, Astellas, Mit-
subishi Tanabe, Bayer, and Torii. KT received honoraria from Kyowa
Kirin, Mitsubishi Tanabe, Astellas, Torii, Bayer, and Chugai and do-
nations from Kyowa Kirin, and Bayer. MA received honoraria from
Kyowa Kirin, Bayer Yakuhin, Torii Pharmaceutical, Astellas Pharma,
and Mitsubishi Tanabe Pharma. NH has no conflicts of interest to dis-
close. TKu received research grants from Ono and Kissei and speaker
bureaus from Kyowa Kirin, Fuso, Mitsubishi Tanabe, Astellas, Astra-
Zeneca, and Bayer.

Ethical approval This study was approved by the Medicine Ethics
Committee of JSDT (approved No. 63) and was conducted in accord-
ance with the Declaration of Helsinki and Ethical Guidelines for Medi-
cal and Biological Research Involving Human Subjects issued in March

@ Springer

2022 by the Ministry of Health, Labour and Welfare and the Ministry
of Education, Culture, Sports, Science and Technology.

Patient consent Written consent for participation was waived by the
Ethics Committee due to the use of anonymized data, the absence of
intervention conducted for research purposes, and the provision of the
option to decline participation (opt-out).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Foley RN, Parfrey PS, Harnett JD, Kent GM, Murray DC,
Barre PE. The impact of anemia on cardiomyopathy, morbid-
ity, and and mortality in end-stage renal disease. Am J Kidney
Dis. 1996;28(1):53-61. https://doi.org/10.1016/s0272-6386(96)
90130-4.

2. Locatelli F, Pisoni RL, Combe C, Bommer J, Andreucci VE,
Piera L, et al. Anaemia in haemodialysis patients of five Euro-
pean countries: association with morbidity and mortality in the
Dialysis Outcomes and Practice Patterns Study (DOPPS). Nephrol
Dial Transplant. 2004;19(1):121-32. https://doi.org/10.1093/ndt/
gfgd58.

3. Regidor DL, Kopple JD, Kovesdy CP, Kilpatrick RD, McAl-
lister CJ, Aronovitz J, et al. Associations between changes in
hemoglobin and administered erythropoiesis-stimulating agent
and survival in hemodialysis patients. J Am Soc Nephrol.
2006;17(4):1181-91. https://doi.org/10.1681/asn.2005090997.

4. Besarab A, Bolton WK, Browne JK, Egrie JC, Nissenson AR,
Okamoto DM, et al. The effects of normal as compared with low
hematocrit values in patients with cardiac disease who are receiv-
ing hemodialysis and epoetin. N Engl ] Med. 1998;339(9):584-90.
https://doi.org/10.1056/nejm199808273390903.

5. Parfrey PS, Foley RN, Wittreich BH, Sullivan DJ, Zagari MJ, Frei
D. Double-blind comparison of full and partial anemia correc-
tion in incident hemodialysis patients without symptomatic heart
disease. ] Am Soc Nephrol. 2005;16(7):2180-9. https://doi.org/
10.1681/ASN.2004121039.

6. Bazeley J, Wish JB. The evolution of target hemoglobin levels
in anemia of chronic kidney disease. Adv Chronic Kidney Dis.
2019;26(4):229-36. https://doi.org/10.1053/j.ackd.2019.06.001.

7. Group KDIGOAW. KDIGO clinical practice guideline for anemia
in chronic kidney disease. Kidney Int Suppl. 2012;2(4):279-335.

8. Yamamoto H, Nishi S, Tomo T, Masakane I, Saito K, Nangaku
M, et al. 2015 Japanese Society for Dialysis Therapy: guidelines
for renal anemia in chronic kidney disease. Ren Replace Ther.
2017;3(1):36. https://doi.org/10.1186/s41100-017-0114-y.

9. Akizawa T, Pisoni RL, Akiba T, Saito A, Fukuhara S, Asano Y,
et al. Japanese haemodialysis anaemia management practices and
outcomes (1999-2006): results from the DOPPS. Nephrol Dial
Transplant. 2008;23(11):3643-53. https://doi.org/10.1093/ndt/
gfn346.


https://doi.org/10.1007/s10157-025-02632-9
http://www.editage.com
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/s0272-6386(96)90130-4
https://doi.org/10.1016/s0272-6386(96)90130-4
https://doi.org/10.1093/ndt/gfg458
https://doi.org/10.1093/ndt/gfg458
https://doi.org/10.1681/asn.2005090997
https://doi.org/10.1056/nejm199808273390903
https://doi.org/10.1681/ASN.2004121039
https://doi.org/10.1681/ASN.2004121039
https://doi.org/10.1053/j.ackd.2019.06.001
https://doi.org/10.1186/s41100-017-0114-y
https://doi.org/10.1093/ndt/gfn346
https://doi.org/10.1093/ndt/gfn346

Clinical and Experimental Nephrology (2025) 29:831-842

841

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Akizawa T, Saito A, Gejyo F, Suzuki M, Nishizawa Y, Tomino
Y, et al. Low hemoglobin levels and hypo-responsiveness to
erythropoiesis-stimulating agent associated with poor survival
in incident Japanese hemodialysis patients. Ther Apher Dial.
2014;18(5):404-13. https://doi.org/10.1111/1744-9987.12155.
Inaba M, Hayashino Y, Shoji T, Akiba T, Akizawa T, Saito A,
et al. Disappearance of association in diabetic patients on hemo-
dialysis between anemia and mortality risk: the Japan dialy-
sis outcomes and practice pattern study. Nephron Clin Pract.
2012;120(2):¢91-100. https://doi.org/10.1159/000335979.
Johansen KL, Finkelstein FO, Revicki DA, Evans C, Wan S, Git-
lin M, et al. Systematic review of the impact of erythropoiesis-
stimulating agents on fatigue in dialysis patients. Nephrol Dial
Transplant. 2012;27(6):2418-25. https://doi.org/10.1093/ndt/
2fr697.

Foley RN, Curtis BM, Parfrey PS. Hemoglobin targets and blood
transfusions in hemodialysis patients without symptomatic cardiac
disease receiving erythropoietin therapy. Clin J] Am Soc Nephrol.
2008;3(6):1669-75. https://doi.org/10.2215/CJN.02100508.
Akizawa T, Koshikawa S, Iwasaki M, Group KAS. Darbepoetin
alfa effectively maintains hemoglobin concentrations at extended
dose intervals relative to intravenous rHUEPO in Japanese dialysis
patients. Ther Apher Dial. 2007;11(3):220-6. https://doi.org/10.
1111/1.1744-9987.2007.00474 x.

Hanafusa N, Abe M, Joki N, Ogawa T, Kanda E, Kikuchi K,
et al. Annual dialysis data report 2019, JSDT Renal Data Reg-
istry. Ren Replace Ther. 2023;9(1):47. https://doi.org/10.1186/
$41100-023-00478-z.

Kawanishi H. Development of online hemodiafiltration in
Japan. Ren Replace Ther. 2021;7(1):51. https://doi.org/10.1186/
s41100-021-00370-8.

Canaud B, Kohler K, Sichart JM, Moller S. Global prevalent use,
trends and practices in haemodiafiltration. Nephrol Dial Trans-
plant. 2020;35(3):398—407. https://doi.org/10.1093/ndt/gfz005.
Maruyama Y, Kanda E, Kikuchi K, Abe M, Masakane I, Yokoo
T, et al. Association between anemia and mortality in hemodi-
alysis patients is modified by the presence of diabetes. J Nephrol.
2021;34(3):781-90. https://doi.org/10.1007/s40620-020-00879-x.
Kido R, Akizawa T, Fukuhara S. Haemoglobin concentration
and survival of haemodialysis patients before and after expe-
riencing cardiovascular disease: a cohort study from Japanese
dialysis outcomes and practice pattern study (J-DOPPS). BMJ
Open. 2019;9(9): e031476. https://doi.org/10.1136/bmjop
en-2019-031476.

Hanafusa N, Nomura T, Hasegawa T, Nangaku M. Age and ane-
mia management: relationship of hemoglobin levels with mor-
tality might differ between elderly and nonelderly hemodialysis
patients. Nephrol Dial Transplant. 2014;29(12):2316-26. https://
doi.org/10.1093/ndt/gfu272.

Gao P, Scheibel S, D’Amour P, John MR, Rao SD, Schmidt-Gayk
H, et al. Development of a novel immunoradiometric assay exclu-
sively for biologically active whole parathyroid hormone 1-84:
implications for improvement of accurate assessment of parathy-
roid function. J Bone Miner Res. 2001;16(4):605—14. https://doi.
org/10.1359/jbmr.2001.16.4.605.

White IR, Royston P. Imputing missing covariate values for the
Cox model. Stat Med. 2009;28(15):1982-98. https://doi.org/10.
1002/5im.3618.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

White IR, Royston P, Wood AM. Multiple imputation using
chained equations: issues and guidance for practice. Stat Med.
2011;30(4):377-99. https://doi.org/10.1002/sim.4067.

Kwon O, Jang HM, Jung HY, Kim YS, Kang SW, Yang CW, et al.
The Korean Clinical Research Center for End-Stage Renal Disease
Study validates the association of hemoglobin and erythropoiesis-
stimulating agent dose with mortality in hemodialysis patients.
PLoS ONE. 2015;10(10): e0140241. https://doi.org/10.1371/journ
al.pone.0140241.

Young EW, Wang D, Kapke A, Pearson J, Turenne M, Robinson
BM, et al. Hemoglobin and clinical outcomes in hemodialysis: an
analysis of US medicare data from 2018 to 2020. Kidney Med.
2023;5(2): 100578. https://doi.org/10.1016/j.xkme.2022.100578.
Nitta K, Kuragano T, Joki N, Tsuruya K, Honda H, Hamano T,
et al. Cardiovascular events by different target hemoglobin lev-
els in ESA-hyporesponsive hemodialysis patients: a multicenter,
open-label, randomized controlled study. Ren Replace Ther.
2022;8(1):62. https://doi.org/10.1186/541100-022-00450-3.
Goodkin DA, Fuller DS, Robinson BM, Combe C, Fluck R, Men-
delssohn D, et al. Naturally occurring higher hemoglobin concen-
tration does not increase mortality among hemodialysis patients.
J Am Soc Nephrol. 2011;22(2):358-65. https://doi.org/10.1681/
asn.2010020173.

Maekawa K, Shoji T, Emoto M, Okuno S, Yamakawa T, Ishimura
E, et al. Influence of atherosclerosis on the relationship between
anaemia and mortality risk in haemodialysis patients. Nephrol
Dial Transplant. 2008;23(7):2329-36. https://doi.org/10.1093/ndt/
gfm929.

Canaud B, Rodriguez A, Chenine L, Morena M, Jaussent I, Leray-
Moragues H, et al. Whole-blood viscosity increases significantly
in small arteries and capillaries in hemodiafiltration. Does acute
hemorheological change trigger cardiovascular risk events in
hemodialysis patient? Hemodial Int. 2010;14(4):433—-40. https://
doi.org/10.1111/j.1542-4758.2010.00496.x.

Hirakata H, Kanai H, Fukuda K, Tsuruya K, Ishida I, Kubo M,
et al. Optimal hematocrit for the maximum oxygen delivery to
the brain with recombinant human erythropoietin in hemodialysis
patients. Clin Nephrol. 2000;53(5):354-61.

Weir MR. Managing anemia across the stages of kidney disease in
those hyporesponsive to erythropoiesis-stimulating agents. Am J
Nephrol. 2021;52(6):450-66. https://doi.org/10.1159/000516901.
Saran R, Bragg-Gresham JL, Levin NW, Twardowski ZJ, Wizem-
ann V, Saito A, et al. Longer treatment time and slower ultrafiltra-
tion in hemodialysis: associations with reduced mortality in the
DOPPS. Kidney Int. 2006;69(7):1222-8. https://doi.org/10.1038/
sj.ki.5000186.

Kuragano T, Matsumura O, Matsuda A, Hara T, Kiyomoto H,
Murata T, et al. Association between hemoglobin variability,
serum ferritin levels, and adverse events/mortality in maintenance
hemodialysis patients. Kidney Int. 2014;86(4):845-54. https://doi.
org/10.1038/ki.2014.114.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1111/1744-9987.12155
https://doi.org/10.1159/000335979
https://doi.org/10.1093/ndt/gfr697
https://doi.org/10.1093/ndt/gfr697
https://doi.org/10.2215/CJN.02100508
https://doi.org/10.1111/j.1744-9987.2007.00474.x
https://doi.org/10.1111/j.1744-9987.2007.00474.x
https://doi.org/10.1186/s41100-023-00478-z
https://doi.org/10.1186/s41100-023-00478-z
https://doi.org/10.1186/s41100-021-00370-8
https://doi.org/10.1186/s41100-021-00370-8
https://doi.org/10.1093/ndt/gfz005
https://doi.org/10.1007/s40620-020-00879-x
https://doi.org/10.1136/bmjopen-2019-031476
https://doi.org/10.1136/bmjopen-2019-031476
https://doi.org/10.1093/ndt/gfu272
https://doi.org/10.1093/ndt/gfu272
https://doi.org/10.1359/jbmr.2001.16.4.605
https://doi.org/10.1359/jbmr.2001.16.4.605
https://doi.org/10.1002/sim.3618
https://doi.org/10.1002/sim.3618
https://doi.org/10.1002/sim.4067
https://doi.org/10.1371/journal.pone.0140241
https://doi.org/10.1371/journal.pone.0140241
https://doi.org/10.1016/j.xkme.2022.100578
https://doi.org/10.1186/s41100-022-00450-3
https://doi.org/10.1681/asn.2010020173
https://doi.org/10.1681/asn.2010020173
https://doi.org/10.1093/ndt/gfm929
https://doi.org/10.1093/ndt/gfm929
https://doi.org/10.1111/j.1542-4758.2010.00496.x
https://doi.org/10.1111/j.1542-4758.2010.00496.x
https://doi.org/10.1159/000516901
https://doi.org/10.1038/sj.ki.5000186
https://doi.org/10.1038/sj.ki.5000186
https://doi.org/10.1038/ki.2014.114
https://doi.org/10.1038/ki.2014.114

842

Clinical and Experimental Nephrology (2025) 29:831-842

Authors and Affiliations

Takaaki Kosugi'

Yasuhiko Ito'? - Kazuhiko Tsuruya' - Masanori Abe'?

P4 Takaaki Kosugi
taka_kosugi25 @naramed-u.ac.jp

Department of Nephrology, Nara Medical University, 840
Shijo-Cho, Kashihara, Nara 634-8521, Japan

Tokyo, Japan

Department of Hygiene, Public Health, and Preventive

Medicine, Graduate School of Medicine, Showa University,

Tokyo, Japan

Department of Nephrology, Graduate School of Medicine,
Showa University, Tokyo, Japan

Showa University Research Administration Center, Showa
University, Tokyo, Japan

Excellence, Fukushima Medical University, Fukushima,
Japan

Department of Healthcare Epidemiology, School of Public
Health in the Graduate School of Medicine, Kyoto
University, Kyoto, Japan

@ Springer

Institute of Clinical Epidemiology (iCE), Showa University,

- Takeshi Hasegawa®3#>7 . Takahiro Imaizumi®® - Hiroki Nishiwaki*'%'" . Hirokazu Honda* -

- Norio Hanafusa'* - Takahiro Kuragano'®

Center for Innovative Research for Communities and Clinical

Department of Advanced Medicine, Nagoya University
Hospital, Nagoya, Japan

Department of Nephrology, Nagoya University Graduate
School of Medicine, Nagoya, Japan

Division of Nephrology, Department of Medicine, University
of Illinois at Chicago, Illinois, USA

Division of Nephrology, Department of Medicine, Showa
University Fujigaoka Hospital, Yokohama, Japan

Department of Nephrology and Rheumatology, Aichi
Medical University, Nagakute, Japan

Division of Nephrology, Hypertension and Endocrinology,
Department of Internal Medicine, Nihon University School
of Medicine, Tokyo, Japan

Department of Blood Purification, Tokyo Women’s Medical
University, Tokyo, Japan

Division of Kidney and Dialysis, Department of Internal
Medicine, Hyogo College of Medicine, Nishinomiya, Japan


http://orcid.org/0000-0003-3696-2263

	Association between hemoglobin level and mortality in patients undergoing maintenance hemodialysis: a nationwide dialysis registry in Japan
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design and population
	Exposure of interest and outcomes
	Statistical analysis

	Results
	Baseline characteristics of the study participants
	Association of Hb levels with all-cause mortality
	Subgroup analysis
	Cause-specific death
	Sensitivity analysis

	Discussion
	Acknowledgements 
	References




