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Abstract
Background
Patients with renal impairment are at risk of not only end-stage kidney disease but also cardiovascular disease (CVD). The current definition of CKD stage G3a is eGFR 45–59 ml/
min/1.73 m2 and of G3b is 30–44 ml/min/1.73 m2, and subjects in the CKD 3a category are
considered to be at lower risk of mortality than are those in CKD 3b.
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Methods
We evaluated the outcome of 97,043 people (33,131 men and 63,912 women) living in Ibaraki Prefecture who underwent annual community-based health checkups beginning in 1993
at age 40–80 years and who were followed for a mean of 17.1 years.

Results
The number of all-causes deaths was 20,534 (10,375 men and 10,159 women), of which
5,995 (2,695 men and 3,300 women) were deaths due to CVD. Multivariable-adjusted hazard
ratio for CVD death in the eGFR 45–49 ml/min/1.73 m2 category was significantly increased
(1.82; 95% confidential interval, 1.23–2.69) in non-elderly men, whereas all-cause mortality
and CVD mortality in elderly men with eGFR 45–49 ml/min/1.73m2 were non significant. In
contrast, both in non-elderly women and in elderly women with eGFR 45–49 ml/min/1.73 m2
showed small, but significant, increases in the risks of all-cause mortality and CVD.

Conclusions
We demonstrated proportionate increases in mortality with decreasing eGFR in a Japanese
CKD population. Like patients in the CKD G3b subgroup, non-elderly men and women with
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an eGFR of 45–49 ml/min/1.73 m2 (i.e. a part of CKD G3a) are at considerable risk of CVD
mortality. Age dependent and eGFR dependent finer risk recognition were required for CVD
prevention in clinical practice with regard to CKD patients.

Introduction
The prevalence of chronic kidney disease (CKD) stage 3 to 5 (G3–G5) is estimated to be about
13% in the Japanese general population [1, 2]. In the 2009 CKD guidebook [3], the Japanese
Societies of Nephrology (JSN) recommended the referral of all adult CKD patients (age 20
years or older) whose eGFR was <50 mL/min/1.73 m2 to nephrologists, because an epidemiological study [4] indicated that the major part of CKD patients have 50–59 ml/min/1.73m2 of
eGFR. In a cohort of Department of Veterans Affairs patients aged 18 to 100 years of age, the
association of eGFR with mortality was weaker in elderly than in younger patients: whereas
severe reductions in eGFR (that is, to 40–49 ml/min/1.73 m2) were associated with an increased
risk of death in all age groups, reductions in eGFR to 50–59 ml/min/1.73 m2 were associated
with an increased adjusted risk of death only among patients who were younger than 65 years
[5].
The KDIGO guidelines advocated the categorization of CKD according to renal and cardiovascular outcomes [6], in light of the results of international clinical epidemiology studies [7].
In this regard, CKD stage G3 was subdivided into G3a and G3b by applying a cutoff point of
eGFR 45 ml/min/1.73 m2 for both CVD and ESKD risk assessment [7]. Using this category,
subjects with CKD G3a with their eGFR 45–49 ml/min/1.73 m2 regarded as low risk population comparing to subjects with CKD G3b. Furthermore, in 2012, the JSN recommended that
non-elderly people (age, 40–69 years) with eGFR >50 ml/min/1.73 m2 and elderly people
(older than 70 years) with eGFR >40 ml/min/1.73 m2 need not be referred to nephrologists for
follow-up unless their proteinuria exceeded 0.5 g daily [8]. To address this issue, we aimed to
evaluate CVD events among Japanese men and women with CKD, especially with G3a and
G3b, in a large cohort with long-time follow-up.

Materials and Methods
Study population
The initial study population comprised 97,043 people (33,131 men and 63,912 women) living
in Ibaraki Prefecture who aged 40–80 years when they first participated in annual communitybased health checkups, in 1993 [9]. People with a history of CVD (2,128 men and 3,114
women) and with missing data (638 men and 1,616 women) were excluded from the study (S1
Table); the data from the remaining 89,547 people (30,365 men [mean age, 60.2 years] and
59,182 women [57.8 years]) were analyzed. The population analyzed comprised 13,408 elderly
people (70–80 years old) and 76,139 non-elderly people (40–69 years old), with a mean followup of 17.1 years (range, 0.1 to 19.7 years) and overall follow-up of 1,532,938 person–years. This
study was conducted according to the guidelines of the Declaration of Helsinki, and the study
protocol was approved by the Ethics Committee of Ibaraki Prefectural Office.

Mortality surveillance
Mortality surveillance was conducted with systematic review of the death certificates and resident registration in cooperation with public health centers and municipal government offices.
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The details regarding the methods for mortality surveillance have been reported previously [9].
Briefly, the underlying causes of death were coded according to the International Classification
of Diseases, 9th revision (ICD-9, 1993–1994) and 10th revision (ICD-10, 1995 and thereafter).
Follow-up was conducted through December 2012. Incidents of cause-specific death were
defined by ICD coding as follows: all cardiovascular disease, codes 393–459 (I00–I99) and
non-cardiovascular disease, codes 001–392 and 460–999 (A00–H95 and J00–Y89).

Measurement of parameters
Urinary protein, serum creatinine, and other factors were measured during the baseline survey
when the participants were examined in 1993 [9]. Serum creatinine was measured automatically (RX-30, Nihon Denshi Inc., Tokyo, Japan) by using a modification of Jaffe’s reaction.
GFR was estimated by using the modification of Diet in Renal Diseases (MDRD) method with
the Japanese coefficient, as follows: eGFR (ml/min/1.73 m2) = 0.881 × 186.3 × age-0.203 × serum
creatinine level–1.154 (× 0.742, if women) [10, 11]. Urinary protein was checked by dipstick urinalysis (Ames Hemacombisticks, Bayer–Sankyo, Tokyo, Japan), and trace-positive samples of
proteinuria were re-examined by using the sulfosalicylic acid test; a result of ‘1+’ or more was
regarded as proteinuria. Serum total cholesterol was measured by using an enzyme-based
method. Other biochemical parameters used in risk analyses were measured as previously
reported [9]. Blood pressure was measured by trained practitioners using standard mercury
sphygmomanometry on the right arm of seated participants. Study participants were interviewed to ascertain the history and status regarding cigarette smoking, alcohol consumption,
and stroke and heart diseases.

Statistical analysis
Differences in age-adjusted mean values and the prevalence of potential confounding factors
among patients in five eGFR categories (60, 50–59, 40–49, 30–39, and <30 ml/min/1.73 m2)
were evaluated by analysis of covariance and chi-squared testing, respectively. The hazard ratio
(HR) and its 95% confidence interval were calculated relative to the risk for people with eGFR
60 ml/min/1.73 m2. These estimates were adjusted for age and other potential confounding
factors by using the Cox proportional hazards model. Potential confounding factors were age,
presence of proteinuria, body mass index, hypertension category (normal blood pressure, highnormal blood pressure, grade 1 hypertension (mild), grade 2 hypertension or more (moderate
and severe)) [12], anti-hypertensive treatment (yes or no), blood glucose level, diabetes treatment (yes or no), log-transformed serum triglyceride level, serum cholesterol level, and HDL
cholesterol level, and use of lipid-lowering drugs (yes or no), cigarette smoking (never-smokers, ex-smokers, current 1–19 and  20 no./day), usual alcohol consumption (never, occasional, current <56 g/day, and 56 g/day in ethanol). All statistical analyses were conducted
by using SAS, version 9.4 (SAS Institute, Cary, NC, USA)

Results
Table 1 presents mean ages and age-adjusted means and proportions of risk factors at baseline year,
according to eGFR category. The percentage of men in the study population who comprised each
eGFR subpopulation was 88.6% for 60 ml/min/1.73 m2, 9.5% for 50–59 ml/min/1.73 m2, 1.5% for
40–49 ml/min/1.73m2, 0.3% for 30–39 ml/min/1.73m2, and 0.1% for <30 ml/min/1.73 m2; for
women, these percentages were 80.5%, 17.1%, 2.0%, 0.3%, and 0.1%, respectively.
Compared with people with eGFR 60 ml/min/1.73 m2 at baseline, the mean age of those
with eGFR 30–39 ml/min/1.73 m2 was 11 years older for men and 13 years older for women.
eGFR was inversely associated with systolic blood pressure, diastolic blood pressure, and body
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Table 1. Age-adjusted mean values for patient characteristics at baseline year according to eGFR category.
Estimated glomerular ﬁltration rate (ml/min/1.73m2)
60

50–59

40–49

30–39

30>

P for trend

Men
Number

(persons)

26904

2870

456

96

39

Age

(years)

59.5

65.3

67.9

70.1

66.5

<0.001

Body mass index

(kg/m2)

23.2

23.8

24.0

23.8

22.6

<0.001

Systolic blood pressure

(mmHg)

135.9

139.7

141.5

143.2

144.2

<0.001

Diastolic blood pressure

(mmHg)

80.8

82.2

82.4

82.7

83.0

<0.001

Blood glucose

(mg/dl)

116.3

122.5

124.0

129.0

118.6

<0.001

Total cholesterol

(mg/dl)

192.5

196.4

196.3

192.4

184.5

<0.001

High-density lipoprotein

(mg/dl)

52.9

49.5

47.6

47.4

47.8

<0.001

Triglycerides

(mg/dl)

148.3

159.5

165.5

155.2

148.5

<0.001

Antihypertensive drug use

(%)

17.6

33.1

45.6

56.3

59.0

<0.001

Diabetic Treatment

(%)

3.4

5.4

7.9

10.4

12.8

<0.001

Lipid-lowering drug use

(%)

1.1

2.2

1.8

6.3

2.6

<0.001

Current smoker

(%)

52.4

42.6

38.2

40.7

56.4

<0.001

Daily alcohol consumption

(%)

54.0

39.3

32.9

37.5

28.2

<0.001

47639

10104

1165

204

70

Women
Number

(persons)

Age

(years)

55.8

65.7

66.4

69.1

65.8

<0.001

Body mass index

(kg/m2)

23.5

24.0

24.3

24.4

23.8

<0.001

Systolic blood pressure

(mmHg)

130.5

137.4

137.9

141.1

144.4

<0.001

Diastolic blood pressure

(mmHg)

77.4

79.1

79.3

80.0

79.8

<0.001

Blood glucose

(mg/dl)

106.4

115.3

118.7

126.4

117.5

<0.001

Total cholesterol

(mg/dl)

206.1

214.5

213.9

215.0

207.5

<0.001

High-density lipoprotein

(mg/dl)

57.3

55.0

53.5

51.2

48.5

<0.001

Triglycerides

(mg/dl)

130.4

151.3

155.8

171.4

167.5

<0.001

Antihypertensive drug use

(%)

17.6

33.1

45.6

56.3

59.0

<0.001

Diabetic Treatment

(%)

1.8

3.6

4.3

5.9

8.6

<0.001

Lipid-lowering drug use

(%)

2.7

5.1

5.3

3.9

8.6

<0.001

Current smoker

(%)

5.0

4.1

5.9

5.4

8.5

<0.001

Daily alcohol consumption

(%)

3.8

2.6

2.5

1.5

0.0

<0.001

P values were obtained by multiple regression analysis of eGFR levels adjusted for age.
doi:10.1371/journal.pone.0156792.t001

mass index (BMI). However, neither the mean age nor mean BMI of people in the lowest eGFR
category was the highest among all eGFR categories. In addition, the eGFR category was
inversely associated with the proportion of antihypertensive drug use, diabetes treatment, and
current smokers but positively associated with alcohol consumption.
The number of all-cause deaths was 20,534 (10,375 for men and 10,159 for women); that for
CVD deaths was 5,995 (2,695 for men and 3,300 for women) and that for non-CVD deaths
was 14,539 (7,680 for men and 6,859 for women). Dividing the study population by the eGFR
revealed the increment in mortality according to the progression of CKD (Fig 1A and 1B). The
numbers of CVD death in each eGFR category among follow-up years was 2,189, 395, 79, 25, 7
in men and 1,964, 1,088, 187, 46, 15 in women.
Fig 2 presents the HRs for all-cause death according to eGFR categorization as shown in
Table 1. Compared with people with eGFR 60 ml/min/1.73 m2 as the reference group, most
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Fig 1. Distributions of cardiovascular disease (CVD) and non-CVD mortality rates according to
estimated glomerular filtration rate (eGFR) in Japanese men and women. Distributions of CVD deaths and
non-CVD deaths in men (A) and in women (B) were categorized according to eGFR in increments of 10 ml/min/
1.73 m2.
doi:10.1371/journal.pone.0156792.g001

people with renal impairment were at significant risk for all-cause mortality after both ageadjustment (Fig 2A and 2B) and multivariable-adjustment, including for presence of proteinuria (Fig 2C and 2D). However, age- and multivariable-adjusted HRs were not significant in
either men or women with eGFR 50–59 ml/min/1.73 m2. In contrast, the risk of all-cause death
increased according to the progression of CKD among subjects with eGFR <50 ml/min/1.73
m2. When we further examined the HRs for all-causes mortality with categorization by age as
non-elderly (40–69 years old) and elderly (70–80 years old), both age groups showed the same
trend toward increased risk of all-causes mortality relative to the severity of CKD.
Fig 3 presents the HRs for death due to CVD events according to the eGFR categorization
shown in Table 1. Most of the age- and multivariable-adjusted HRs were not significant in
men or women with eGFR 50–59 ml/min/1.73m2, and elderly men with eGFR 40–49 ml/min/
1.73 m2 had no increased risk of CVD (P > 0.05). However, except for elderly men, subjects
with eGFR <50 ml/min/1.73 m2 showed increased risk for CVD death according to the severity
of CKD.
The current definition of CKD stage G3a is eGFR 45–59 ml/min/1.73 m2 and of G3b is 30–
44 ml/min/1.73 m2, and subjects in the CKD 3a category are considered to be at lower risk of
mortality than are those in CKD 3b. Table 2 presents the HRs for death from all-causes or
CVD events in subjects with eGFR 45–49 or 30–44 ml/min/1.73 m2 compared with those with
eGFR 60 ml/min/1.73m2 as the reference. Multivariable-adjusted HR for CVD death in the
eGFR 45–49 ml/min/1.73 m2 category was significantly increased (1.82; 95% confidential interval, 1.23–2.69) in non-elderly men, whereas CVD mortality in elderly men with eGFR 45–49
ml/min/1.73m2 were non significant. In contrast, both in non-elderly women and in elderly
women with eGFR 45–49 ml/min/1.73 m2 showed significantly increases in the risks of allcause mortality and CVD mortality.

Discussion
Timely referral of CKD patients for specialized treatment is necessary to ensure informed decision-making and favorable outcomes both in terms of ESKD and of CVD [6]. However, precisely when patients should be referred for in-depth follow-up has not yet been determined
and depends on a variety of factors [13]. The KDIGO guidelines note that people with CKD G3
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Fig 2. Risk of all-cause mortality according to estimated glomerular filtration rate (eGFR) and age category.
Shown are age-adjusted (A and B) and multivariable-adjusted (C and D) hazard ratios with 95% confidence intervals
for all-cause death with categorization according to eGFR in increments of 10 ml/min/1.73 m2 for subjects of all
ages, non-elderly subjects, or elderly men (A and C) and women (B and D). Each hazard ratio was calculated
relative to the subpopulation with eGFR 60 ml/min/1.73 m2. Adjusted factors for all-cause death were age, body
mass index, urinary protein concentration, blood pressure, use of anti-hypertensive drugs, serum triglyceride
concentration, serum high-density lipoprotein concentration, serum total cholesterol concentration, use of lipidlowering drugs, blood glucose concentration, treatment for diabetes, smoking, and alcohol consumption.
doi:10.1371/journal.pone.0156792.g002

and negativity for albuminuria need to be monitored but do not always need to be referred. In
addition, the authors of a study evaluating a large cohort of Veterans Affairs patients cautioned
that mortality risk assessment in elderly patients should not be based on the same eGFR cutoff
points as those used for younger age groups and would benefit from finer categorization of the
30- to 59-ml/min/1.73 m2 eGFR group [5]. The KDIGO guidelines advocated the categorization of CKD according to cardiovascular outcomes [6, 7]. In this regard, CKD stage G3 was
subdivided into G3a and G3b by applying a cutoff point of eGFR 45 ml/min/1.73 m2 for CVD
risk assessment [7]. Therefore, we focused on patients with moderately decreased renal function as CKD G3 (eGFR 30–59 ml/min/1.73 m2) in the current study.
Our report published before the KDIGO 2012 guideline showed that not only CKD (<60
ml/min/1.73 m2) alone, but also CKD with proteinuria, is a risk factor for CVD death [9].
Except for Japan, many cohort studies were described to show the association of renal
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Fig 3. Risk of cardiovascular disease (CVD) mortality according to estimated glomerular filtration rate (eGFR)
and age category. Shown are age-adjusted (A and B) and multivariable-adjusted (C and D) hazard ratios with 95%
confidence intervals for CVD death with categorization according to eGFR in increments of 10 ml/min/1.73 m2 for
subjects of all ages, non-elderly subjects, or elderly men (A and C) and women (B and D). Each hazard ratio was
calculated relative to the subpopulation with eGFR 60 ml/min/1.73 m2. Adjusted factors for CVD death were age,
body mass index, urinary protein concentration, blood pressure, use of anti-hypertensive drugs, serum triglyceride
concentration, serum high-density lipoprotein concentration, serum total cholesterol concentration, use of lipidlowering drugs, blood glucose concentration, treatment for diabetes, smoking, and alcohol consumption.
doi:10.1371/journal.pone.0156792.g003

insufficiency and cardiovascular diseases (CVD) [5, 7, 14–16]. Among them, renal function
categorized by CKD staging was conducted in recent studies to observe graded association
between reduced eGFR and risk of CVD [7, 16], and other researchers utilized stratification of
eGFR at interval of 10-ml/min/1.73 m2 instead of CKD staging [5]. Though the relationship
between presence of CKD and incidence of CVD in a Japanese cohort were clearly shown in a
previous report [9, 17], stratification by eGFR and by age of the cohort was not conducted.
Therefore, little evidence is available on which to base the risk assessment of CVD according to
eGFR level and different age category in the population with moderately decreased renal function in Japan. A CKD patient-based Gonryo cohort (N = 2,692) with stratification by CKD
stage that had short observation period (12 months) had 69 CVD events and 24 patients with
all-cause mortality [18]. It might not been examined in CVD mortality, as well as events, risk
by sex- and age-dependency [18].
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Table 2. Risks of all-cause mortality and cardiovascular disease (CVD) mortality among subjects in CKD G3 category relative to those with eGFR
50 ml/min/1.73m2.
Estimated glomerular ﬁltration rate (ml/min/1.73 m2)
45–49

30–44

n = 312

Men

n = 240
HR

95% CI

P

(0.94–1.28)

1.59

(1.36–1.85)

***

(0.95–1.29)

1.58

(1.35–1.85)

***

*

1.70

(1.34–2.17)

***

*

1.53

(1.20–1.96)

***

1.56

(1.27–1.90)

***

1.63

(1.33–2.00)

***

1.62

(1.21–2.17)

**

1.47

(1.09–1.98)

*

***

2.06

(1.31–3.24)

**

**

1.65

(1.04–2.62)

*

Adjustment

HR

95% CI

Age

1.10

Multivariable

1.10

Age

1.32

(1.05–1.66)

Multivariable

1.33

(1.06–1.67)

Age

1.01

(0.82–1.24)

Multivariable

1.02

(0.82–1.25)

Age-

1.37

(1.05–1.78)

Multivariable-

1.25

(0.96–1.63)

Age-

1.95

(1.32–2.88)

Multivariable-

1.82

(1.23–2.69)

P

All causes
All ages
40–69 y
70–80 y
CVD
All ages
40–69 y
70–80 y

*

Age-

1.12

(0.78–1.59)

1.42

(0.96–2.08)

Multivariable-

1.03

(0.72–1.48)

1.37

(0.93–2.02)

Adjustment

HR

95% CI

Age

1.38

(1.23–1.54)

Multivariable

1.31

(1.17–1.47)

Age

1.61

Multivariable
Age

n = 877

Women

n = 492
HR

95% CI

***

1.88

(1.66–2.12)

***

*

1.71

(1.51–1.93)

***

(1.37–1.90)

***

2.62

(2.14–3.20)

***

1.50

(1.27–1.78)

***

2.21

(1.81–2.71)

***

1.21

(1.04–1.41)

*

1.58

(1.36–1.84)

***

Multivariable

1.19

(1.02–1.38)

*

1.53

(1.31–1.79)

***

Age

1.51

(1.26–1.80)

***

1.94

(1.60–2.37)

***

Multivariable

1.38

(1.15–1.66)

***

1.70

(1.39–2.07)

***

Age

1.51

(1.11–2.06)

**

2.92

(2.07–4.11)

***

Multivariable

1.34

(0.98–1.82)

2.24

(1.58–3.17)

***

All causes
All ages
40–69
70–80 y
CVD
All ages
40–69 y
70–80 y

Age

1.50

(1.20–1.88)

***

1.69

(1.33–2.16)

***

Multivariable

1.43

(1.14–1.79)

**

1.57

(1.23–2.00)

***

*, P < 0.05
**, P < 0.01
***, P < 0.001
CI, conﬁdence interval
HR, hazard ratio.
doi:10.1371/journal.pone.0156792.t002

As shown in the profile of our current study population (Table 1), the association of eGFR
level with age was undoubted. Although age is a risk factor for decreased eGFR [4, 19, 20],
other aging-related factors, including increased blood pressure and increased proportion of
anti-hypertensive drug use, strongly confounded each other. Therefore, we performed ageadjusted risk analyses, which revealed that, in the context of impaired renal function, people
with lower eGFR are at greater risk of CVD, consistent with our previous findings [9].
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Furthermore, we separately analyzed subjects aged 40–69 years (namely, non-elderly) and 70–
80 years (elderly) to propose appropriate age categorizations for managing the risk of CVD
comorbid with CKD, as promoted in the JSN guidelines [8].
Prognosis after CVD events is related to GFR, with a significant rise in mortality when
eGFR falls below 45 ml/min/1.73 m2 [15, 16, 21]. As shown through global research efforts, for
a person with an albumin to creatinine ratio of <10 mg/g, the odds ratio for CVD is 1.5 when
the eGFR is 45–59 ml/min/1.73m2 and 2.2 when the eGFR 30–44 ml/min/1.73 m2, compared
with the reference at eGFR 90–104 ml/min/1.73 m2 [22]. Therefore, CKD staging by using the
G3a and G3b substages would be useful for managing populations at high risk of CVD, because
the CKD risks of G3a patients are incomparable with that of G3b. However, it also could lead
to disregard the risk of CVD in CKD G3a and we had little information about the risk of CVD
mortality in Japanese patients with CKD G3a. Based on the stratification of eGFR at interval of
10-ml/min/1.73 m2 instead of CKD staging [5], we found the considerable risk of CVD in nonelderly men with an eGFR of 45–49 ml/min/1.73 m2 (i.e. CKD G3a) in this research (Table 2).
Mostly, proportionate increases in mortality with decreasing eGFR in a Japanese CKD population were shown (Figs 2 and 3). The CVD risk in elderly men did not show an eGFR-dependent increment in CKD G3–G5 as clearly, probably because the small size (less than a hundred
in each category) and the number of CVD death in this population hampered the analysis.
Overall, our results from the CVD risk analyses may support the JSN statement advocating
both age- and eGFR-dependent management of nephrologist referral of patients with moderately decreased renal function (CKD G3).
In showing a relationship between CVD mortality and CKD, a particular strength of our study
is its use of a large cohort from the general population with long-term follow-up; in comparison,
the Hisayama Study involved 2634 community members with 12 years of follow-up [17], and The
Framingham Heart Study included 6233 adult participants with 15 years of follow-up [14].
Our study had several limitations. First, eGFR was determined on the basis of the serum creatinine measured by using Jaffe’s reaction, which is less accurate as a measure of renal function
than are actual GFR measurements by using inulin or 125I-iothalamate. In the MDRD study
cohort of patients with GFR G3a–G4 (GFR 15–59 ml/min/1.73 m2), the cystatin C level was
strongly associated with both all-cause and CVD mortality, particularly in elderly participants
[23]. However, applying cystatin C testing to a general population is not feasible. Second, our
current risk analyses adjusted for proteinuria as determined by a semi-quantitative dipstick
method. Measurement of albuminuria is preferable in assessing the risk of CVD, given that
dipstick quantification of proteinuria is relatively insensitive for detecting low levels of urinary
protein [24, 25]. Third, some of the information (including use of drugs, diabetic treatment
and smoking and alcohol consumption) was obtained via self-reported questionnaire. Forth,
detailed information is lack in classes of using drug including anti-hypertensive drugs that may
contribute to hemodynamic effects on the glomerulus and to inhibit the incidence of CVD.
In conclusion, here we demonstrated proportionate increases in mortality with decreasing
eGFR in a Japanese CKD population. Specifically, we revealed both age- and eGFR-dependent
changes in the risk of all-cause mortality and CVD mortality. Like patients in the CKD G3b
subgroup, non-elderly men with an eGFR of 45–49 ml/min/1.73 m2 (i.e. CKD G3a) are at considerable risk of CVD mortality.

Supporting Information
S1 Table. Comparison of background characteristics between the cohort and excluded subjects.
(DOC)

PLOS ONE | DOI:10.1371/journal.pone.0156792 June 6, 2016

9 / 11

CVD Death among CKD G3a in a Japanese Cohort

Acknowledgments
Sources of funding: This work was supported by Grants-in-Aid from the Ministry of Health,
Labor, and Welfare, Health and Labor Sciences Research Grants, Japan (Research on Health
Services: H17-Kenkou-007; Comprehensive Research on Cardiovascular and Life-Style Related
Diseases: H18-Junkankitou[Seishuu]-Ippan-012; Comprehensive Research on Cardiovascular
and Life-Style Related Diseases: H20-Junkankitou[Seishuu]-Ippan-013; Intractable Diseases
Conquest Research: H21-Nanchi-Ippan-059; Comprehensive Research on Cardiovascular and
Life-Style Related Diseases: H23-Junkankitou[Seishuu]-Ippan-005; and Comprehensive
Research on Cardiovascular and Life-Style Related Diseases: H26-Junkankitou [Seisaku]Ippan-001). This study was also part of Research on Advanced Chronic Kidney Disease
(REACH-J), a Practical Research Project for Renal Diseases, from the Japan Agency for Medical Research and Development (AMED).

Author Contributions
Conceived and designed the experiments: KN KY. Performed the experiments: KN TS. Analyzed the data: KN TS. Contributed reagents/materials/analysis tools: TS FI HW HO. Wrote
the paper: KN KY.

References
1.

Imai E, Horio M, Watanabe T, Iseki K, Yamagata K, Hara S, et al. Prevalence of chronic kidney disease
in the Japanese general population. Clin Exp Nephrol. 2009; 13:621–30. doi: 10.1007/s10157-0090199-x PMID: 19513802

2.

James MT, Hemmelgarn BR, Tonelli M. Early recognition and prevention of chronic kidney disease.
Lancet. 2010; 375:1296–309. doi: 10.1016/S0140-6736(09)62004-3 PMID: 20382326

3.

Chapter 14. Timing for referral of CKD patients to nephrologists. Clin Exp Nephrol. 13:222–3.

4.

Imai E, Horio M, Yamagata K, Iseki K, Hara S, Ura N, et al. Slower decline of glomerular filtration rate in
the Japanese general population: a longitudinal 10-year follow-up study. Hypertens Res. 2008;
31:433–41. doi: 10.1291/hypres.31.433 PMID: 18497462

5.

O'Hare AM, Bertenthal D, Covinsky KE, Landefeld CS, Sen S, Mehta K, et al. Mortality risk stratification
in chronic kidney disease: one size for all ages? J Am Soc Nephrol. 2006; 17:846–53. PMID: 16452492

6.

Kasiske BL, Wheeler DC. KDIGO Clinical Practice Guideline for the Evaluation and Management of
Chronic Kidney Disease Foreword. Kidney Int Suppl. 2013; 3:1–150.

7.

Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the risks of death,
cardiovascular events, and hospitalization. N Eng J Med. 2004; 351:1296–305.

8.

http://www.jsn.or.jp/guideline/pdf/CKDguide2012.pdf. (In Japanese)

9.

Irie F, Iso H, Sairenchi T, Fukasawa N, Yamagishi K, Ikehara S, et al. The relationships of proteinuria,
serum creatinine, glomerular filtration rate with cardiovascular disease mortality in Japanese general
population. Kidney Int. 2006; 69:1264–71. PMID: 16501489

10.

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate method to estimate glomerular filtration rate from serum creatinine: a new prediction equation. Modification of Diet in Renal
Disease Study Group. Ann Intern Med. 1999; 130:461–70. PMID: 10075613

11.

Imai E, Horio M, Nitta K, Yamagata K, Iseki K, Hara S, et al. Estimation of glomerular filtration rate by
the MDRD study equation modified for Japanese patients with chronic kidney disease. Clin Exp
Nephrol. 2007; 11:41–50. PMID: 17384997

12.

1999 World Health Organization-International Society of Hypertension Guidelines for the Management
of Hypertension. Guidelines Subcommittee. J hypertens. 1999; 17:151–83. PMID: 10067786

13.

Chan MR, Dall AT, Fletcher KE, Lu N, Trivedi H. Outcomes in patients with chronic kidney disease
referred late to nephrologists: a meta-analysis. Am J Med. 2007; 120:1063–70. PMID: 18060927

14.

Culleton BF, Larson MG, Wilson PW, Evans JC, Parfrey PS, Levy D. Cardiovascular disease and mortality in a community-based cohort with mild renal insufficiency. Kidney Int. 1999; 56:2214–9. PMID:
10594797

PLOS ONE | DOI:10.1371/journal.pone.0156792 June 6, 2016

10 / 11

CVD Death among CKD G3a in a Japanese Cohort

15.

Shlipak MG, Heidenreich PA, Noguchi H, Chertow GM, Browner WS, McClellan MB. Association of
renal insufficiency with treatment and outcomes after myocardial infarction in elderly patients. Ann
Intern Med. 2002; 137:555–62. PMID: 12353942

16.

Anavekar NS, McMurray JJ, Velazquez EJ, Solomon SD, Kober L, Rouleau JL, et al. Relation between
renal dysfunction and cardiovascular outcomes after myocardial infarction. N Eng J Med. 2004;
351:1285–95.

17.

Ninomiya T, Kiyohara Y, Kubo M, Tanizaki Y, Doi Y, Okubo K, et al. Chronic kidney disease and cardiovascular disease in a general Japanese population: the Hisayama Study. Kidney Int. 2005; 68:228–36.
PMID: 15954912

18.

Nakayama M, Sato T, Sato H, Yamaguchi Y, Obara K, Kurihara I, et al. Different clinical outcomes for
cardiovascular events and mortality in chronic kidney disease according to underlying renal disease:
the Gonryo study. Clin Exp Nephrol. 2010; 14:333–9. doi: 10.1007/s10157-010-0295-y PMID:
20556461

19.

Eriksen BO, Ingebretsen OC. The progression of chronic kidney disease: a 10-year population-based
study of the effects of gender and age. Kidney Int. 2006; 69:375–82. PMID: 16408129

20.

Lindeman RD, Tobin J, Shock NW. Longitudinal studies on the rate of decline in renal function with
age. J Am Geriatr Soc. 1985; 33:278–85. PMID: 3989190

21.

Wright RS, Reeder GS, Herzog CA, Albright RC, Williams BA, Dvorak DL, et al. Acute myocardial
infarction and renal dysfunction: a high-risk combination. Ann Intern Med. 2002; 137:563–70. PMID:
12353943

22.

Levey AS, de Jong PE, Coresh J, El Nahas M, Astor BC, Matsushita K, et al. The definition, classification, and prognosis of chronic kidney disease: a KDIGO Controversies Conference report. Kidney Int.
2011; 80(1):17–28. doi: 10.1038/ki.2010.483 PMID: 21150873

23.

Menon V, Shlipak MG, Wang X, Coresh J, Greene T, Stevens L, et al. Cystatin C as a risk factor for outcomes in chronic kidney disease. Ann Intern Med. 2007; 147:19–27. PMID: 17606957

24.

Chronic Kidney Disease Prognosis C, Matsushita K, van der Velde M, Astor BC, Woodward M, Levey
AS, et al. Association of estimated glomerular filtration rate and albuminuria with all-cause and cardiovascular mortality in general population cohorts: a collaborative meta-analysis. Lancet. 2010;
375:2073–81. doi: 10.1016/S0140-6736(10)60674-5 PMID: 20483451

25.

Nagai K, Yamagata K. Quantitative evaluation of proteinuria for health checkups is more efficient than
the dipstick method. Clin Exp Nephrol. 2015; 19(1):152–3. doi: 10.1007/s10157-014-1034-6 PMID:
25248505

PLOS ONE | DOI:10.1371/journal.pone.0156792 June 6, 2016

11 / 11

