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effect of chronic kidney disease

Yuji Sato1
• Shouichi Fujimoto2

• Tsuneo Konta3
• Kunitoshi Iseki3 •

Toshiki Moriyama3
• Kunihiro Yamagata3

• Kazuhiko Tsuruya3
• Ichiei Narita3

•

Masahide Kondo3
• Masato Kasahara3

• Yugo Shibagaki3 • Koichi Asahi3 •

Tsuyoshi Watanabe3

Received: 6 July 2017 / Accepted: 7 August 2017 / Published online: 16 August 2017

� Japanese Society of Nephrology 2017

Abstract

Background Anemia is common in chronic kidney disease

(CKD) and may be associated with mortality in CKD

patients. However, few studies have examined this rela-

tionship in Asian populations.

Methods A total of 62,931 Japanese people (age

64.0 ± 8.0 years; men 38.5%) were followed up from

2008 to 2012. Participants were divided into six groups in

accordance with their estimated glomerular filtration rate

(eGFR) (\45, 45–59, C60 mL/min/1.73 m2) and by

hemoglobin levels (13.0 g/dL for men; 12.0 g/dL for

women). Hazard ratio and confidence interval (CI) for

mortality with a combination of eGFR and anemia were

calculated. After matching using propensity score (PS) for

anemia, survival analysis between anemic and non-anemic

people, independent from some variables, including eGFR,

was performed.

Results A total of 828 (1.3%) participants died (non-ane-

mic vs. anemic, 1.2 vs. 2.3%, p\ 0.01). Multivariable Cox

analysis showed that, independent of eGFR levels, anemic

people had significantly higher mortality. Anemic people

were found to have significantly poorer survival than non-

anemic people as per a log-rank test (p\ 0.01) for the PS-

matching cohort. Further stratified logistic analysis using

PS in the overall cohort odds ratio (95% CI) showed 2.25

(1.89–2.67) with p\ 0.01.

Conclusion The results of the present study showed that

anemia was an independent risk factor of all-cause

mortality.

Keywords Anemia � All-cause mortality � Chronic kidney

disease � Propensity score

Introduction

Anemia is a common abnormality in chronic kidney dis-

ease (CKD) patients. Several studies have reported a

combined effect of anemia and CKD for morbidity or

mortality [1–3]. Some [1, 2] have reported a synergic

effect, while another [3] failed to demonstrate it. This

disparity is probably due to cohort difference.

If anemia itself is a significant risk factor for mortality in

CKD patients, intervention by erythropoiesis-stimulating

agent (ESA) is possible. There have been two major reports

on non-dialysis CKD patients, in which targeting higher

hemoglobin using ESA failed to demonstrate additional

benefits compared with targeting a lower hemoglobin level.

The CHOIR study [4] showed an increasing risk of com-

posite end point, including death, myocardial infarction,

hospitalization because of congestive heart failure, and

stroke with higher hemoglobin levels (13.5 g/dL) com-

pared with lower levels (11.3 g/dL). The CREATE study

[5] also failed to reveal fewer cardiovascular (CVD) events

among those with a higher hemoglobin level (13–15 g/dL)
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than a lower level (10.5–11.5 g/dL). These results clouded

understanding of the relationship between anemia and

CKD with regard to mortality. The condition of lower

hemoglobin, rather than its value, may be an important

implication for CKD patients.

The aforementioned studies mainly focused on white

and black Americans. We therefore analyzed the synergic

effect of anemia and CKD on mortality using the Japanese

health checkup data including CKD patients, with the

expectation of the presence of a synergic effect in a general

Japanese population.

Methods

Study design and population

In 2008, the Japanese government undertook a new annual

health check program (‘‘Specific Health Checkup’’) to

support early diagnosis of, and intervention for, metabolic

syndrome. The target population was Japanese citizens

aged 40–74 years and residing in varying geographic

regions [6–9]. A total of 295,297 individuals were regis-

tered to participate in the program and be followed up

between 2008 and 2012. Individuals with missing labora-

tory data were excluded. For example, 198,206 and 27,819

individuals were excluded because of missing data

regarding hemoglobin and estimated glomerular filtration

rate (eGFR), respectively. Another 524 were excluded for

lack of information regarding previous CVD events. Ulti-

mately, 62,931 individuals were included in what was the

focus of the present analysis (Figure S1).

We performed an observational cohort study with all-

cause mortality as the primary outcome measure. Infor-

mation regarding death events occurring between 2008 and

2012 was obtained from the national death records. Further

details regarding the methods applied in this study were

previously reported [9]. This study was conducted in

accordance with the guidelines of the Declaration of Hel-

sinki and was granted ethical approval by the ethics com-

mittee of Fukushima Medical University (nos. 1485 and

2771). Informed consent was not obtained from each par-

ticipant because all data were anonymized before analysis.

Baseline measurement

Blood samples were obtained with the participants in a

fasting state. Urine dipstick test results were recorded as

(-), (±), (1?), (2?), and (3?), with proteinuria defined at

1? or greater. The eGFR values were derived using the

following equation specific for the Japanese population, in

consideration of anthropometric differences between Cau-

casians and Asians [10]:

eGFR ðmL/min/1:73 m2Þ ¼ 194� age ðyearsÞ�0:287

� serum creatinine ðmg/dLÞ�1:094

ð� 0:739 if femaleÞ:

Anemia was defined based on World Health Organiza-

tion criteria indicating hemoglobin\12 g/dL in women and

\13 g/dL in men [11].

Systolic blood pressure (SBP) was measured using a

standard sphygmomanometer or an automated measure-

ment device on the right arm after a 5-min rest in a seated

position. All participants completed a questionnaire to

document their medical history and current medications.

Brain attacks were defined as brain infarction and hemor-

rhage. Cardiac events were defined as myocardial infarc-

tion and angina. Diabetes was defined in accordance with

American Diabetes Association guidelines [12] as a fasting

glucose concentration of 126 mg/dL or higher, glycated

hemoglobin (A1c) 6.5%, or higher or self-reported use of

anti-hyperglycemic drugs.

Statistical analysis

All statistical analyses were performed using SPSS version

20.0 J (SPSS Inc., Chicago, IL). Data were expressed as

mean ± standard deviation (SD). The study sample was

stratified based on eGFR level and presence of anemia.

Clinical and metabolic data were compared using the

Kruskal–Wallis test, while categorical data were compared

using the Chi-squared test. Survival curves according to the

presence or absence of anemia in the three different eGFR

levels were analyzed using the Kaplan–Meier estimator,

and statistical significance was evaluated with the log-rank

test.

Cox regression analyses were performed to examine the

association of the combination of eGFR level and presence

or absence of anemia with all-cause mortality. In multi-

variable analysis, these associations were assessed after

adjustments for age, sex, body mass index (BMI), SBP,

high-density lipoprotein cholesterol (HDL-C), A1c, pro-

teinuria, antihypertensive drug use, antidiabetic drug use,

antihyperlipidemic drug use, CVD history, and current

smoking.

Propensity score (PS) matching analysis was performed

using logistic regression to create propensity scores for

participants with and without anemia to reduce bias in

patient selection. Logistic regression was applied to clini-

cal variables (eGFR, age, sex, BMI, SBP, HDL-C, A1c,

proteinuria, antihypertensive drug use, antidiabetic drug

use, antihyperlipidemic drug use, CVD history, and current

smoking) differing between participants with and without

anemia. The Hosmer–Lemeshow test and receiver operat-

ing characteristic (ROC) analysis were performed to
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respectively test the fitness and predictive accuracy for the

logistic model. Then, 1:1 PS matching was performed as

one-to-one nearest-neighbor matching between patients

with and without anemia. After matching, survival curve

analysis between anemic and non-anemic participants was

analyzed by Kaplan–Meier estimator and statistical sig-

nificance was checked by log-rank test. Using PS, all

participants were divided into quintiles, and stratified

analysis was performed. Common odds ratio was calcu-

lated by Mantel–Haenszel test. The Breslow–Day test was

performed to check the homogeneity of the odds ratio in

each PS quintile. Statistical significance was defined as

p\ 0.05.

Results

Participants’ characteristics

Of the 62,931 participants, mean age (SD) was 64.0 (8.0),

men were 38.5%, mean eGFR (SD) 73.9 (15.6) mL/min/

1.73 m2, and mean hemoglobin (SD) of men was 14.6 (1.3)

g/dL and women 13.0 (1.1) g/dL. Participants were divided

into two groups based on the presence or absence of ane-

mia (Table 1). Anemic people showed higher percentages

for female sex, lower BMI, lower SBP, higher percentage

of having proteinuria and CVD history, lower percentage

of current smoking, and higher mortality rate. Table S1

shows further participant characteristics by dividing the

eGFR level and the presence or absence of anemia. The

group (group A) with eGFR of C60 mL/min/1.73 m2

consisted of 53,475 (85.0%) participants, eGFR of C45 and

\60 mL/min/1.73 m2 (group B) was 8443 (13.4%), and

eGFR\45 mL/min/1.73 m2 (group C) was 1013 (1.6%). In

each eGFR level, the eGFR value differed significantly

between the absence and presence of anemia. In group A,

anemic people showed higher eGFR than non-anemic

people (p\ 0.01); in groups B and C, anemic people had

lower eGFR than non-anemic people (p\ 0.01). Body

mass index was significantly higher in non-anemic than

anemic people in all three groups. Systolic blood pressure

was significantly higher in non-anemic than anemic people

in groups A and B. The statistical significance of HDL-C

and A1c was only seen in group A. Anemic people in

groups B and C had significantly higher prevalence of

dipstick proteinuria.

Table 1 Comparison of the

characteristics of participants

with and without anemia, before

and after propensity score

matching

Overall cohort Propensity score matched cohort

(-) Anemia (?) Anemia p value (-) Anemia (?) Anemia p value

n 55,346 7587 7575 7575

Age (years) 64.0 (7.8) 63.8 (9.3) 0.03 63.7 (8.0) 63.8 (9.3) 0.55

Sex, female (%) 60.0 72.5 \0.01 73.0 72.4 0.44

BMI (kg/m2) 23.2 (3.2) 22.1 (3.1) \0.01 22.1 (3.0) 22.1 (3.1) 0.84

Hemoglobin (g/dL)

Men 14.8 (1.0) 12.1 (1.0) \0.01

Women 13.3 (0.8) 11.1 (0.9) \0.01

eGFR (mL/min/1.73 m2) 74.0 (15.0) 73.7 (19.4) 0.21 73.9 (14.6) 73.7 (19.4) 0.60

SBP (mmHg) 129 (17) 125 (18) \0.01 125 (17) 125 (18) 0.91

HDL-C (mg/dL) 61.3 (15.6) 61.7 (15.7) 0.03 61.6 (15.2) 61.7 (15.7) 0.81

A1c (%) 5.41 (0.71) 5.38 (0.66) \0.01 5.36 (0.65) 5.38 (0.66) 0.75

Diabetes mellitus (%) 8.8 8.9 0.68 8.8 8.9 0.91

Proteinuria (%) 4.4 6.1 \0.01 6.1 6.0 0.76

CVD past history (%) 9.4 10.1 0.02 10.3 10.1 0.77

Drug user (%)

Hypertension 27.8 26.6 0.03 26.5 26.6 0.87

Diabetes 4.7 6.2 \0.01 5.7 6.1 0.26

Dyslipidemia 15.0 13.7 \0.01 13.4 13.7 0.57

Current smoking (%) 13.6 8.1 \0.01 8.3 8.1 0.66

Data given as mean (standard deviation) unless otherwise specified. p values refer to the differences

between the anemic and non-anemic cohorts

BMI body mass index, eGFR, estimated glomerular filtration rate, SBP systolic blood pressure, HDL-C

high-density lipoprotein cholesterol, A1c glycated hemoglobin, CVD cardiovascular disease

390 Clin Exp Nephrol (2018) 22:388–394

123



Survival analysis

Over the course of follow-up from 2008 to 2012, a total of

828 (1.3%) participants died (1.2% of anemic and 2.3% of

non-anemic, p\ 0.01, respectively). Malignancy was a

leading cause of death in both anemic and non-anemic

people (Table 2).

Figures S2–S4 show the estimated survival curves for

the presence or absence of anemia in the three different

eGFR levels for all-cause mortality, with statistical sig-

nificance checked by log-rank test for groups A, B, and C

(p\ 0.01, p = 0.21, and p\ 0.01, respectively).

Participants were divided into six cohorts representing

the presence or absence of anemia in groups A, B, and C.

Hazard ratios for all-cause mortality were calculated for

non-anemic people in group A as a reference with age, sex,

BMI, SBP, HDL-C, A1c, antihypertensive drug use,

antidiabetic drug use, antihyperlipidemic drug use, CVD

history, and current smoking adjustment (Table 3). Irre-

spective of eGFR \60 mL/min/1.73 m2, hazard risk was

not significantly elevated in non-anemic people [HRs and

95% CIs for three different eGFR levels: group A, refer-

ence; group B, 1.19 (0.97–1.46), p = 0.09; group C, 1.14

(0.65–1.99), p = 0.65]. However, for anemic people with

any eGFR level, hazard risk was significantly elevated

[HRs and 95% CIs for three different eGFR levels; group

A, 2.21 (1.81–2.69), p\ 0.01; group B, 1.55 (1.01–2.36),

p = 0.04; group C, 3.80 (2.50–5.78), p\ 0.01]. Table S2

shows the hazard ratios of the covariates. Higher age, male

sex, higher A1c, positive dipstick proteinuria, anti-diabetes

drug use, CVD history, and current smoking had a signif-

icantly positive association with all-cause mortality, though

higher BMI and antihyperlipidemic drug use had a signif-

icantly negative association.

In each eGFR level, non-anemic people were then

applied to the reference, and hazard ratios for all-cause

mortality were calculated with age, sex, BMI, SBP, HDL-

C, A1c, antihypertensive drug use, antidiabetic drug use,

antihyperlipidemic drug use, CVD history, and current

smoking adjustment (Table 4). Interestingly, in each eGFR

level, anemic people showed a higher hazard risk for all-

cause mortality. Hazard ratios and 95% CIs of anemic vs.

non-anemic were: group A, 2.21 (1.81–2.69), p\ 0.01;

group B, 1.30 (0.83–2.03), p = 0.26; group C, 3.34

(1.71–6.52), p\ 0.01.

The PS was calculated by multivariable logistic analy-

sis. The Hosmer–Lemeshow goodness-of-fit test showed a

v2 value of 4.10, p = 0.85. The ROC curve analysis

showing that AUC was 0.65 suggested that this model had

modest predictive accuracy. After PS matching, there was

no statistically significant difference in the basic charac-

teristics between the two groups (Table 1). Table S2 shows

that the causes of death did not substantially differ between

the overall and the PS-matched cohort. Using the matched

cohort, Kaplan–Meier survival analysis was performed

(Fig. 1). Anemic people were found to have significantly

poorer survival than non-anemic people (p\ 0.01 by log-

rank test). Finally, the overall cohort was divided into

quintiles according to PS (Table S3). Stratified analysis

showed that odds ratio and 95% CI across strata by the

Mantel–Haenszel test was 2.25 (1.89–2.67) with p\ 0.01.

The Breslow–Day test revealed a v2 value of 3.77,

p = 0.44, indicating homogeneity of the odds ratio in each

PS quintile.

Discussion

Our main message is that for the same eGFR level, anemic

people have a higher risk of mortality than non-anemic

people, and our data failed to demonstrate a synergic effect

of anemia and CKD on mortality in a general Japanese

population.

Anemia is a common abnormality among CKD patients.

Several studies to date have reported a combined effect of

anemia and CKD for morbidity or mortality [1–3]. Some

[1, 2] reported a synergic effect, while another [3] was not

able to demonstrate this, probably due to cohort difference.

For example, using the US-based Atherosclerosis Risk

in Communities Study (ARIC) cohort, CKD patients (eGFR

\60 mL/min/1.73 m2) showed a significantly higher risk

of stroke [1] or a coronary artery event [2] than non-CKD

in anemic people, though this relationship was not

observed in non-anemic people. However, using a diabetes

cohort, CKD patients showed a significantly higher risk of

all-cause mortality irrespective of the presence of anemia

Table 2 Number of deaths in the overall cohort and propensity score matching cohort

Overall cohort Propensity score matching cohort

(-) Anemia (?) Anemia p value (-) Anemia (?) Anemia p value

Total death, n (%) 650 (1.2%) 178 (2.3%) \0.01 79 (1.0%) 178 (2.3%) \0.01

Malignancy, n (%) 354 (0.64%) 108 (1.42%) 0.02 38 (0.50%) 108 (1.43%) 0.09

Cardiovascular disease, n (%) 131 (0.24%) 20 (0.26%) 16 (0.21%) 20 (0.26%)

Others or unknown, n (%) 165 (0.30%) 50 (0.66%) 25 (0.33%) 50 (0.66%)
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[3]. All three of the aforementioned reports used an ARIC

cohort composed of white and black Americans, but not

those of Asian descent.

In our general Japanese population cohort, there was no

clear synergic effect of anemia and CKD on mortality.

Anemia is an independent risk factor for all-cause

mortality.

The results lead to some speculations. First, lower

hemoglobin is considered to signify longer CKD duration

or more severe CKD, even with the same GFR level.

However, we had no data that permitted speculation on

disease duration. The erythropoietin level among anemic

groups was expected to be lower than among non-anemic

groups. Erythropoietin has been reported to have some

beneficial effect on the cardiovascular system independent

of erythropoiesis: for example, regarding the anti-left

ventricular hypertrophy effect [13–16] and preserving

endothelial cell integrity [17–19]. Second, anemia was

produced not only via erythropoietin deficiency, but also

through malnutrition or chronic inflammation. These latter

two factors were reported as strong predictors of death not

only in non-CKD [20, 21], but also in CKD patients

[22, 23]. Although our database does not include data on

nutritional or inflammatory state, such as serum albumin or

C-reactive protein, we can analyze BMI and HDL-C as

substitute nutritional data. Indeed, BMI was significantly

higher in non-anemic people; however, HDL-C level did

not show a constant relationship between anemic and non-

anemic people for each GFR level. That notwithstanding, if

malnutrition or chronic inflammatory diseases were pre-

sent, their predictive power for death should have been

stronger than the eGFR level. Further, if gastrointestinal

carcinoma existed, even a small amount of bleeding may

have resulted in iron deficiency anemia. Third, we theo-

rized there were some racial or regional differences. Cru-

cial mortality rates among general Japanese populations are

lower than among general Caucasian populations. For

example, the NHANES III cohort revealed a cardiovascular

mortality rate for white, black, and Hispanic persons,

which was three times higher than for Japanese [24]. Even

Table 3 Risk for all-cause

mortality in participants divided

by eGFR level and anemic or

non-anemic

eGFR, mL/min/1.73 m2 Anemia Number HR (95% CI) p value

C60 None 47,323 Reference

45–59 None 7365 1.19 (0.97–1.46) 0.09

\45 None 658 1.14 (0.65–1.99) 0.65

C60 Yes 6152 2.21 (1.81–2.69) \0.01

45–59 Yes 1078 1.55 (1.01–2.36) 0.04

\45 Yes 355 3.80 (2.50–5.78) \0.01

Table 4 Risk for all-cause

mortality in participants divided

by eGFR level and anemic or

non-anemic

eGFR, mL/min/1.73 m2 Anemia Number HR (95% CI) p value

C60 None 47,323 Reference

C60 Yes 6152 2.21 (1.81–2.69) \0.01

45–59 None 7365 Reference

45–59 Yes 1078 1.30 (0.83–2.03) 0.26

\45 None 658 Reference

\45 Yes 355 3.34 (1.71–6.52) \0.01

Fig. 1 Survival curves between anemic and non-anemic people in the

propensity score-matched cohort. Black and gray lines indicate

anemic and non-anemic patients, respectively. Survival curves by

Kaplan–Meier analysis show poorer survival in anemic than non-

anemic patients (p\ 0.01 by log-rank test). The small graph in the

lower right corner indicates Y-axis scale-changed graph to easily

clarify the difference
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if Japanese people were in a CKD state, people with eGFR

\15 mL/min/1.73 m2 only showed a higher mortality risk

and CVD events when compared with people with eGFR

C45 mL/min/1.73 m2 [25]. Additionally, no matter how

people reached end-stage kidney disease (ESKD), they

were able to receive dialysis therapy through the Japanese

universal national health care system. Therefore, people in

Japan rarely die solely for the reason of reaching ESKD.

Finally, the 4-year follow-up period was presumed to be

too short to accumulate instances of CVD-related death, the

main cause of death in CKD patients. Collateral evidence

indicates the malignancy-related death number was higher

than that for CVD-related deaths in our study.

Our data led to the conclusion that anemia is a risk

factor of all-cause mortality, independent of the eGFR

level. Anemia data compel physicians to address the causes

of anemia and plan for management that helps avoid

mortality.

There were some limitations in our study. First, owing to

the relatively short follow-up period, some comorbidity

conditions can be assumed to have influenced the prog-

nosis, such as malignancy, chronic obstructive pulmonary

disease, and chronic liver disease. However, our data did

not encompass such information. Second, we could not

exclude the possibility that the statistical power of analysis

was affected by the relatively low incidence of death

(compared with that noted in the original US cohort,

especially for women) during the 4-year follow-up. Third,

we had no data that addressed the reasons for anemia, such

as iron profile, erythropoietin concentration, C-reactive

protein, or nutritional status. Finally, many people were

excluded from the study because of their lack of data on

hemoglobin; hemoglobin concentration measurements

were not mandatory in this health checkup system.

Table S5 shows a comparison of the characteristics of

included and excluded participants. Age, sex, drug use, and

current smoking all significantly differed, though a fairly

large number for both groups may serve to strengthen the

statistical power.
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5. Drüeke TB, Locatelli F, Clyne N, Eckardt KU, Macdougall IC,

Tsakiris D, CREATE Investigators, et al. Normalization of

hemoglobin level in patients with chronic kidney disease and

anemia. N Engl J Med. 2006;355(20):2071–84.

6. Sato Y, Yano Y, Fujimoto S, Konta T, Iseki K, Moriyama T, et al.

Glycohemoglobin not as predictive as fasting glucose as a mea-

sure of prediabetes in predicting proteinuria. Nephrol Dial

Transplant. 2012;27(10):3862–8.

7. Sato Y, Fujimoto S, Konta T, Iseki K, Moriyama T, Yamagata K,

et al. U-shaped association between body mass index and pro-

teinuria in a large Japanese general population sample. Clin Exp

Nephrol. 2014;18(1):75–86.

8. Sato Y, Fujimoto S, Konta T, Iseki K, Moriyama T, Yamagata K,

et al. Significance of estimated glomerular filtration rate in pre-

dicting brain or heart attacks in obese and non-obese populations.

Clin Exp Nephrol. 2015;19(5):790–6.

9. Iseki K, Asahi K, Yamagata K, Fujimoto S, Tsuruya K, Narita I,

et al. Mortality risk among screened subjects of the specific health

check and guidance program in Japan 2008–2012. Clin Exp

Nephrol. 2017. doi:10.1007/s10157-017-1392-y (Epub ahead of
print).

10. Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al.

Collaborators developing the Japanese equation for estimated

GFR: revised equations for estimated GFR from serum creatinine

in Japan. Am J Kidney Dis. 2009;53(6):982–92.

11. World Health Organization. Nutritional anaemias: report of a

WHO scientific group. World Health Organ Tech Rep Ser.

1968;405:3–37.

Clin Exp Nephrol (2018) 22:388–394 393

123

http://dx.doi.org/10.1007/s10157-017-1392-y


12. American Diabetes Association. Diagnosis and classification of

diabetes mellitus. Diabetes Care. 2011;34(Suppl 1):S62–9.

doi:10.2337/dc11-S062.

13. Silberberg J, Racine N, Barre P, Sniderman AD. Regression of

left ventricular hypertrophy in dialysis patients following cor-

rection of anemia with recombinant human erythropoietin. Can J

Cardiol. 1991;6(1):1–4.

14. Pascual J, Teruel JL, Moya JL, Liaño F, Jiménez-Mena M,
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