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Abstract

Background Anemia greatly affects the development of

renal and cardiovascular outcomes in chronic kidney dis-

ease (CKD) patients. However, the impact based on CKD

stage remains unclear.

Methods We prospectively followed 2,602 Japanese

CKD patients under the care of nephrologists. CKD was

defined according to cause, estimated glomerular filtration

rate \60 mL/min, and/or proteinuria. Patient outcomes

[primary end-points: cardiovascular events (CVEs), all-

cause mortality, and end-stage kidney disease (ESKD)

requiring renal replacement therapy] were assessed in

association with basal hemoglobin (Hb) levels (\10, 10–12

and C12 g/dL), stratified by CKD stages.

Results During follow-up, 123 patients developed CVEs,

41 died, and 220 progressed to ESKD. For stages G3, G4

and G5, ESKD frequencies were 2.8, 64.4, and 544.8

person-years, while CVEs and death were 25.6, 45.6, and

76.3 person-years, respectively. The combined endpoint

rate was significantly higher in patients with Hb\10 versus

Hb 10–12 g/dL, but a higher risk for CVEs and death with

Hb \10 g/dL was found only in G3 [hazard ratio (HR)

4.49, (95 % confidence interval (95 % CI) 2.06–9.80)]. In

contrast, risk for ESKD with Hb\10 g/dL was found only

in G4 [HR 3.08 (95 % CI 1.40–6.79)] and G5 [HR 1.43

(95 % CI 1.01–2.05)]. No increased risks with higher Hb

levels were found.

Conclusion The impact of renal anemia of Hb\10 g/dL

on clinical outcomes differed by CKD stage, with a sig-

nificantly high risk for CVEs and all-cause mortality in G3

and progression to ESKD in G4 and G5.

Keywords Anemia � Chronic kidney disease � End-stage
kidney disease � Hemoglobin � Nephrology � Outcome

Introduction

Renal anemia is common in chronic kidney disease (CKD)

and is a modifiable risk factor for developing both renal

and cardiovascular outcomes [1]. For nephrologists, the

main goal of patient management before renal replacement

therapy (RRT) is to delay end-stage kidney disease (ESKD)

and to reduce cardiovascular events (CVEs) and premature

death. Studies revealed that anemia greatly affects cardio-

vascular outcomes; this is known as cardio-renal-anemia

syndrome [2]. Moreover, mortality rates were lower in

patients regularly followed up by a nephrologist, likely

because of the specialist care before initiating dialysis [3].
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In spite of the clinical importance of anemia management

before initiating dialysis, only a few studies have assessed

the impact of anemia on clinical outcomes, especially

regarding premature death and CVEs, when regularly fol-

lowed by nephrologists [4, 5].

Concerning the management of anemia in CKD patients,

recent randomized controlled trials (RCTs) in Western

countries have shown that normalization of hemoglobin

(Hb) with erythropoiesis-stimulating agents (ESAs) was

not beneficial for renal and cardiovascular disease [6–8].

Based on these reports, the guidelines for CKD recom-

mended a target Hb around 10–12 g/dL in both the Kidney

Disease Improving Global Outcomes (KDIGO) [9] as well

as the Japanese guidelines [10, 11]. However, in contrast to

the Western data, non-beneficial effects in patients with

higher Hb levels have not been reported in Japanese RCTs

for CKD, namely, higher Hb levels with ESAs were

associated with improved renal function, cardiac function,

and quality of life [12–15]. On the other hand, naturally

occurring higher levels of Hb related to lower renal out-

comes in both Western and Japanese CKD patients [16,

17]. Additionally, studies without targeted Hb levels

demonstrated that even mild anemia was associated with a

higher risk for premature death and ESKD in CKD [4, 17].

Moreover, the prevalence of anemia and outcomes were

different among CKD stages [5]. However, reports on

clinical outcomes in Japanese CKD patients are limited.

These facts raise the need to explore potential links

between Hb levels and clinical outcomes in a Japanese

CKD regularly followed by nephrologists. We hypothe-

sized that anemia without targeted Hb levels might have

different impacts on renal and non-renal outcomes; there-

fore, we further examined the association of anemia with

clinical outcomes according to CKD severity.

Methods

Participants (the Gonryo CKD cohort)

We conducted a prospective observational cohort study

entitled ‘‘TheGonryoCKDproject’’ on an outpatient basis in

11 hospitals offering nephrology services, including one

university hospital in Miyagi Prefecture, located in the

northeast area of Japan [18, 19]. The participating hospitals

covered almost the entire medical network of the area.

Between May 2006 and November 2008, every outpatient

from the nephrologists was invited to participate. Thus,

4,015 patients who gave informed consent and were under

the regular care of nephrologists were enrolled. Based on the

previous publications of the study, certain subjects were

excluded for the following reasons: lack of data on serum

creatinine levels (n = 145), unknown underlying renal

disease (n = 170), no-show (n = 1), estimated glomerular

filtration rate (eGFR) [60 mL/min without proteinuria

(n = 888), or no urinary testing results (n = 117). Because

of additional exclusion of those without Hb data (n = 92),

2,602 patients meeting the CKD criteria were evaluated in

the present study (Supplemental Figure 1). The Institutional

Review Boards at Tohoku University School of Medicine

(Number 2006-10, UMIN000011211) and the respective

participating hospitals approved the study protocol.

Patient classification and primary outcomes

Participants were classified according to baseline Hb levels:

\10, 10–12 (reference), and C12 g/dL. The reference

range of 10–12 g/dL reflected the target Hb level in Japa-

nese guidelines [10]. To examine Hb levels C12 g/dL, this

group was further subdivided into 12–13 and C13 g/dL.

For analysis according to CKD stages, participants were

stratified by baseline eGFR as follows: eGFR C60 (G1–2),

60–30 (G3), 30–15 (G4), and \15 mL/min (G5). We

defined diabetes patients as those treated for diabetes, not

only for diabetic nephropathy of underlying renal disease.

The primary outcomes were CVEs, all-cause death before

RRT, or ESKD requiring RRT. CVEs included angina pec-

toris, acute myocardial infarction (AMI), congestive heart

failure, and stroke (cerebral bleeding or infarction). The

outcomes were determined from the medical records, death

certificates, and interviews with the attending physicians at

the time of the annual checkups until the 3-year follow-up.

A CVE was defined as a disease of the circulatory system

(International Classification of Disease, 10th Revision: I00–

I99), and the patients with angina pectoris or AMI included

patients diagnosed using coronary angiography; those who

received coronary stenting, angioplasty, or a bypass opera-

tion; or those who had a definite clinical course of AMI. In

cases with congestive heart failure, only those who needed

admission for treatment were counted. Diagnosis of stroke

was based on theClassification of Cerebrovascular Diseases

III published by the National Institute of Neurological

Disorders and Stroke [20], and only patients whose condi-

tions were confirmed by using computed tomography or

brain magnetic resonance imaging were included. Asymp-

tomatic cerebral infarction or lacunar infarction was not

included.Moreover, as the follow-up period of 3 years is not

sufficient to adopt initiation of RRT, we also included

patients who had a[50 % decline in eGFR over 3 years as a

secondary renal endpoint.

Data collection

Patient data were obtained from the medical records at each

hospital. Patient characteristics and laboratory data were

collected as baseline data; as follow-up data, serumcreatinine,
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eGFR, Hb, and CVEwere collected annually from the date of

cohort entry until the end of follow-up, i.e., death, initiation of

RRT, or 3 years after registration. Blood pressure data were

obtained with the patient in the sitting position, using an

automatic sphygmomanometer based on the Korotkoff sound

technique. We used the urine and blood examination results

from each participating hospital as laboratory data. Serum

creatinine levels were measured using the enzyme assay

method andmonitored annually.We estimated the glomerular

filtration rate using the formula for the Japanese population

(mL/min/1.73 m2) [21]. The presence of urine protein was

defined as a positive dipstick test for spot urine, which cor-

responded to values[30 mg/dL using the urine analyzer in

each hospital. Moreover, information on treatments, such as

ESAs, iron use, insulin, and antihypertensive medications

were obtained from the medical records. ESAs included dar-

bepoetin alfa, continuous erythropoietin receptor activator,

and recombinant human erythropoietin. Iron use included

intravenous iron and oral iron.

Statistical analysis

Data are shown as mean ± standard deviation unless

otherwise specified. A P value\0.05 indicated statistical

significance. Differences between groups were analyzed

using a t test or one-way analysis of variance (ANOVA); if

the ANOVA demonstrated significance, a post hoc test was

used. Correlations were calculated using the non-parametric

Spearman rank test. In the survival analysis, the renal out-

comewas progression to ESKD, and the non-renal outcomes

were combined CVEs and all-cause mortality. The com-

posite endpoints included CVEs, all-cause mortality, and

ESKD. The results of traditional and competing Cox

regression analyses were presented as hazard ratios (HR)

with 95 % confidence intervals (95 % CIs). The test of

interaction was estimated by adding multiplicative interac-

tion terms between Hb levels and eGFR to the relevant Cox

model. We calculated the risks for renal and non-renal end-

point, using the competing risk approach. Because the

patients who started undergoing RRT were not followed up

in this cohort, the occurrence of either ESKD or non-renal

outcomes prevents the occurrence of the other. [22]. All data

were statistically analyzed using Stata version 12.1 statistical

software (Stata Corp LP, College Station, Texas, USA).

Results

Baseline characteristics and association between Hb

level and CKD stage

The median eGFR of all patients was 53.4 mL/min (in-

terquartile range 32.6–74.0), and themeanHb level at baseline

was 12.8 ± 2.1 g/dL. Table 1 summarizes the features at

baseline among Hb levels. As expected, the frequency of

patients receiving care for anemia (treated with ESAs and/or

iron use)was higher among patientswith lowerHb levels. The

percentage of patients with Hb levels lower than the mainte-

nance level of 10 g/dL, in whom only 40.6 % were receiving

ESA therapy, was 1.7 % inG1–2, 4.2 % inG3, 20.7 % inG4,

and 54.7 % inG5. Hb levels decreasedwith CKDprogression

in patients with and without diabetes, and a greater proportion

of patients with CKD stages G4 and G5 were receiving care

for anemia (Fig. 1).

Incidence of primary endpoints among Hb levels

by CKD stages

During a median follow-up of 2.38 years (interquartile range

1.69–3.00), 41 patients died, 123 patients developed CVEs,

and 220 patients ended follow-up because they developed

ESKD. The incidence rate of primary endpoints was higher in

patients with Hb levels \10 g/dL for each CKD stage as

shown in Fig. 2 and Supplemental Table 1. In addition, the

composite endpoint rate was higher in advanced CKD stages,

with a higher frequency of ESKD in G4 and G5, while com-

bined CVEs and all-course mortality were observed in all

CKD stages. Compared with Hb levels of 10–12 g/dL, Hb

levels less than 10 g/dL were associated with a significantly

increased risk for the composite endpoint in univariate and

multivariate models [HR 3.41 (95 % CI 2.71–4.30) and HR

1.90 (95 % CI 1.47–2.44), respectively] after adjustment for

age, sex, smoking, comorbidities (diabetes mellitus and prior

cardiovascular disease), systolic blood pressure, body mass

index, proteinuria, and eGFR. Further adjustment for treat-

ment with ESA and iron use remained significant [HR 1.65

(95 % CI 1.27–2.14); Table 2].

On the other hand, Hb levels C12 g/dL were associated

with a lower risk in multivariate analysis [HR 0.51 (95 %

CI 0.37–0.69); Table 2]. As a sub-analysis, Hb levels

C13 g/dL did not increase the risk compared with Hb

levels of 10–12 g/dL in multivariate analysis [HR 0.47

(95 % CI 0.33–0.69)].

Moreover, the magnitude of the association between Hb

levels and the risk of composite outcomes decreased signifi-

cantly by 7.7 % per every 1 mL/min/1.73 m2 increase in

eGFR [HR for interaction term = 1.017 (95 % CI

1.007–1.026), P for interaction = 0.001]. Therefore, we used

a stratified analysis byCKDstages to negate the effect of renal

function on the relationship between Hb levels and outcomes.

Anemia is a risk for renal and non-renal outcomes

in CKD

In G3, the cumulative incidence of non-renal outcomes

before ESKD was significantly higher in patients with Hb
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Table 1 General baseline characteristics in chronic kidney disease patients grouped according to hemoglobin levels

Groups

Hb level

All patients Low\10 g/dL Target 10–12 g/dL High C12 g/dL P

N 2602 261 581 1760

Age (years) 60.1 ± 16.3 66.8 ± 14.0 65.2 ± 15.4 57.4 ± 16.2 <0.0001

Gender (male, %) 53.2 47.5 38.9 58.8 <0.0001

Smoking (%) 16.3 13.5 10.1 18.8 <0.0001

SBP (mmHg) 131 ± 16 136 ± 19 131 ± 17 130 ± 15 <0.0001

DBP (mmHg) 77 ± 11 74 ± 13 74 ± 11 78 ± 10 <0.0001

Diabetes (%) 27.9 44.1 32.4 24.0 <0.0001

History of CVD (%)a 17.6 28.7 22.2 14.4 <0.0001

Cardiac disease (%) 12.7 21.8 17.4 9.8 <0.0001

Stroke (%) 6.7 9.6 8.1 5.7 0.024

Antihypertensive drugs (%) 72.0 82.0 77.3 68.8 <0.0001

ACEi and ARB (%) 62.7 72.0 69.2 59.2 <0.0001

Calcium blockers (%) 48.3 68.6 53.7 43.6 <0.0001

Diuretics (%) 15.5 36.0 27.7 8.41 <0.0001

Insulin (%) 10.1 20.7 14.1 7.2 <0.0001

ESAs (%) 6.8 40.6 11.2 0.3 <0.0001

Iron use (%) 4.1 13.4 7.6 1.5 <0.0001

Proteinuria (%) 50.5 20.7 45.0 56.7 <0.0001

eGFR (mL/min/1.73 m2) 53.4 (32.6–74.0) 15.3 (9.1–26.6) 35.8 (19.4–56.0) 60.6 (46.3–78.7) <0.0001

Hb (g/dL) 12.8 ± 2.1 8.9 ± 0.8 11.0 ± 0.6 13.9 ± 1.3 <0.0001

Data are presented as mean value or %. Bold font indicates statistical significance (P\ 0.05)

ACEi angiotensin converting enzyme inhibitors, ARB angiotensin receptor blockers, CVD cardiovascular disease, DBP diastolic blood pressure,

eGFR estimated glomerular filtration rate, ESAs erythropoiesis-stimulating agents, Hb hemoglobin, SBP systolic blood pressure, N number of

patients
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Fig. 1 Hemoglobin levels according to CKD stage in 2,602 patients.

Hemoglobin levels decreased in accordance with CKD progression in

patients both with and without diabetes, and the patients undergoing
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Fig. 2 The incidence rate of primary endpoints. The incidence rate is

presented in 1,000 person-years for the composite endpoint, including

renal (ESKD, gray) and non-renal outcomes (all-cause mortality and

cardiovascular events, black), by hemoglobin levels among CKD

stages. The composite endpoint rate was higher in patients with Hb

levels\10 g/dL for each CKD stage. The frequency of ESKD was

higher in G4 and G5, while non-renal outcomes were observed in all

CKD stages. CKD chronic kidney disease, CVEs cardiovascular

events, ESKD end-stage kidney disease, Hb hemoglobin
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levels\10 g/dL compared to those with 10–12 g/dL [HR

4.49 (95 % CI 2.06–9.80)] in the multivariate competing

risk model adjusted for age, sex, diabetes, history of car-

diovascular disease, systolic blood pressure, smoking,

proteinuria, and ESA use (Fig. 3). In G4 and G5, the

cumulative incidence of non-renal outcomes before ESKD

did not differ based on Hb levels, while the incidence of

ESKD increased significantly in patients with Hb levels

\10 g/dL compared to those with 10–12 g/dL in multi-

variate models, i.e. HR 3.08 (95 % CI 1.40–6.79) in G4 and

HR 1.43 (95 % CI 1.01–2.05) in G5, respectively (Fig. 3).

Data for the crude and multivariate competing hazard

models are presented in Supplemental Table 2. In addition,

we considered that CKD patients, especially those in G3

stage, did not necessarily start RRT during the 3-year fol-

low-up period, despite deterioration of renal function.

Therefore, we also examined the secondary renal endpoint

included a [50 % decline of eGFR. After 3 years, 72

patients exhibited a decline in eGFR of[50 %; however, in

G3, the secondary renal outcome did not increase signifi-

cantly in patients with Hb levels \10 g/dL compared to

those with 10–12 g/dL in the multivariate model [HR 0.86

(95 % CI 0.23–3.26)] adjusted for age, sex, diabetes, history

of cardiovascular disease, systolic blood pressure, smoking,

proteinuria, and ESA use. In contrast, in G4 and G5, the

secondary renal outcome increased significantly in patients

with Hb levels\10 g/dL compared to those with 10–12 g/

dL in the multivariate model [HR 2.66 (95 % CI 1.47–4.82)

and HR 1.44 (95 % CI 1.01–2.05); Supplemental Table 3].

Discussion

The present study clearly illustrates that Hb levels\10 g/

dL are associated with increased risk of all-cause mortality

and CVEs in G3 and with progression to ESKD in G4 and

Table 2 Cox proportional

hazard ratios for the composite

endpoints associated to

hemoglobin levels in patients

with chronic kidney disease

Hb levels (g/dL) ESKD CVEs Death Univariate model Model 1 Model 2

HR 95 % CI HR 95 % CI HR 95 % CI

\10 116 25 10 3.41 2.71–4.30 1.90 1.47–2.44 1.65 1.27–2.14

10–12 80 39 19 1 1 1

C12 24 59 12 0.21 0.16–0.27 0.48 0.36–0.66 0.51 0.37–0.69

Hb level of 10–12 g/dL served as reference. Cox proportional hazards analysis for the composite endpoints,

including end-stage kidney disease, all-cause mortality, and cardiovascular events, was performed. Bold

font indicates statistical significance (P\ 0.05). Model 1 was adjusted for age, sex, diabetes, history of

cardiovascular disease, systolic blood pressure, body mass index, smoking, proteinuria, and estimated

glomerular filtration rate; Model 2 was adjusted for Model 1 plus use of erythropoiesis-stimulating agents

and iron

95 % CI 95 % confidence interval, CVEs cardio vascular events, ESKD end-stage kidney disease, Hb

hemoglobin, HR hazard ratio
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Fig. 3 Multivariate competing hazard risks according to CKD stage.

Adjusted hazard ratio and 95 % CI for the association of ESKD with

CVEs and all-cause mortality according to Hb levels stratified by

chronic kidney disease stages. Hb levels of 10–12 g/dL were used as

reference. In G3, the incidence for combined CVEs before ESKD was

significantly higher with Hb levels \10 g/dL, while in G4 and G5

category, that for ESKD was significantly higher with Hb levels

\10 g/dL in competing multivariate models, adjusted for age, sex,

diabetes, history of cardiovascular disease, systolic blood pressure,

smoking, eGFR, proteinuria, and use of ESA. 95 % CI 95 %

confidence interval, CKD chronic kidney disease, CVEs cardio

vascular events, eGFR estimated glomerular filtration rate, ESKD

end-stage kidney disease, Hb hemoglobin, HR hazard ratio
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G5 in Japanese patients with CKD under the regular care of

nephrologists. There were no increased clinical risks in

patients with higher Hb levels.

Low Hb level (Hb\10 g/dL) predicted both renal and

non-renal outcomes, and this association was affected by

CKD stage; to our knowledge, this is the first study

showing the impact of anemia on clinical outcomes

according to CKD progression. Our results also confirmed

that non-renal endpoints were more frequent outcomes than

ESKD in G3, but the opposite in G4 and G5, similar to

previous reports in Caucasians with CKD [5]. As expected,

the frequency of the composite endpoint increased with

advanced CKD due to the high incidence of ESKD. On the

contrary, non-renal outcomes were observed in all CKD

stages. Considering the causality between renal anemia and

renal insufficiency, there was an interaction between Hb

levels and eGFR. Therefore, it is reasonable that renal

function modified the effect of Hb\10 g/dL on the end-

point and that the relationship between Hb levels and

outcomes varied across CKD stages. Thus, the outcomes

differed among CKD stages; accordingly, competing risks

were calculated between renal and non-renal outcomes

stratified by CKD stages. No patient with Hb levels[10 g/

dL in G1–2 developed ESKD. In G3, Hb levels\10 g/dL

predicted the risk for non-renal outcomes. In cardio-renal

anemia syndrome [2], hypervolemia appears to be more

common due to impaired renal function in CKD, and those

with anemia have a higher rate of cardiovascular disease.

Previous studies showed that renal dysfunction, combined

with anemia, was associated with an increased risk of

cardiac function (left ventricular mass index) and mortality

after dialysis in Japanese patients with CKD [14, 15, 23].

Hb levels\10 g/dL were also an independent risk for

ESKD in advanced CKD stages G4 and G5. Nonetheless,

renal anemia is common after G3, and it has been well

established that anemia per se is a traditional risk factor for

renal outcomes in the CKD population [12, 13, 16, 17, 24].

Our study showed a relationship between Hb levels\10 g/

dL and ESKD in G4 and G5, but not in G3 in patients

receiving regular nephrology care. This finding was not

altered even after including a[50 % decline of eGFR as a

secondary renal outcome.

Furthermore, we evaluated whether higher Hb level

increased the incidence of outcomes. Indeed, the incidence

rate was always lower in patients with higher Hb levels for

each CKD stage (Fig. 2, Supplemental Table 1). Moreover,

the relative risks of outcomes were not accelerated in our

observational cohort with a higher Hb level of Hb[12 g/

dL, whose risk for the composite endpoint was significantly

lower than those with Hb 10–12 g/dL in crude and multi-

variate models (Table 2). Even when considering Hb levels

C13 g/dL, there was no increased incidence of outcomes.

This is in contrast to a report that Japanese patients

undergoing dialysis had the most favorable survival prog-

nosis at Hb levels between 10 and 11 g/dL, whereas there

was an increased risk when Hb C11 g/dL [11]. However,

the risk related to elevated Hb in dialysis population may

be affected by dialysis-induced hemoconcentration. In

dialysis patients, Hb levels are usually measured before the

dialysis session when the patient is at the highest level of

hemodilution; therefore, some patients of high Hb levels

are expected to have higher Hb than a physiological level

after the dialysis. Moreover, thrombosis of native arteri-

ovenous fistulas, which are the most common vascular

access in Japan, should also be considered. RCTs exam-

ining patients with CKD receiving ESA treatments also

reported negative outcomes in patients with higher targeted

Hb levels, C13 g/dL [6–8]. Because these major RCTs

were performed on a CKD population selected for ESA

treatments, a poor hematopoietic response to ESAs was an

important risk for all-cause mortality, stroke, and renal

outcomes [25]. The Hb level has been shown to be quite

stable with ESA treatment [26]; therefore, the prognostic

value of anemia on outcomes might be different in subjects

undergoing an intervention trial to target Hb compared to

that in the general CKD population. This is supported by a

study in which mild anemia, defined as Hb levels of

11–13.5 g/dL in men and 11–12 g/dL in women, increased

risk of death or ESKD compared to higher Hb levels in a

prospective European cohort with CKD stage 3–5 under the

care of a nephrologist [4]. Moreover, mild anemia of Hb

\13.8 g/dL in diabetic nephropathy associated with the

increased risk for ESKD [17].

As indicated in Table 1, the prevalence of anemia was

rather high in our cohort. However, the rate of ESA and

iron treatments was only 40.6 and 13.4 %, respectively, in

patients with Hb levels\10 g/dL. These data were similar

to a Japanese cohort with CKD G3–5 in which Hb levels

[10 g/dL comprised 61.6 %, of which 55.7 % received

ESA therapy [27]. Baseline characteristics in our cohort

were collected during 2006–2008, which is prior to publi-

cation of the 2009 Japanese guideline for CKD that tar-

geted an increase in Hb levels [10].

There are several limitations to the current study. First,

this was an observational study and did not have adequate

power to determine target Hb levels or the effects of ESAs

or other therapeutics for personalized management of

CKD. Second, we did not have the prescribed amount of

ESAs; thus, we were unable to calculate the resistance to

ESAs, which would be associated with increased outcomes

in CKD [8, 25]. In other words, our population included

those for whom anemia was not corrected with ESA

treatment, which may have affected the outcomes. Third,

we did not measure serum factors involved in iron recy-

cling or the hepcidin level, both of which contribute to

anemia severity. Fourth, even by using the stratified
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analysis by CKD stages, an interaction between renal

function and Hb levels may affect the relationship between

Hb levels and outcomes. Accordingly, the present study did

not assess the mechanism of or factors associated with

anemia that may have contributed to the increased mor-

tality. These needs to be addressed in future studies.

In conclusion, Hb levels\10 g/dL are a risk for poor

clinical outcomes in patients with advanced CKD. How-

ever, the impact is different based on the CKD stage, with a

significantly higher risk for CVEs and all-cause mortality

in stage G3 and progression to ESKD in stages G4 and G5.

In addition, Hb levels C12 g/dL were associated with

lower risk in each CKD stage in a prospective observa-

tional cohort of Japanese outpatients with CKD who were

receiving regular care. These findings will help to stratify

the risk and to control anemia for CKD patients in each

stage.
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