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Chronic Kidney Disease Increases Cardiovascular 
Mortality in 80-Year-Old Subjects in Japan
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Yutaka TAKATA1), Shuji AWANO3), Kazuo SONOKI1), Akihiro YOSHIDA3), 

Tadamichi TAKEHARA3), and Mitsuo IIDA2)

Chronic kidney disease (CKD) is one of the greatest risk factors for cardiovascular disease (CVD). The con-

tribution of CKD to CVD mortality is not well understood in very elderly patients. Our study examined

whether CKD might be a risk factor for total and CVD mortality in very elderly Japanese individuals. A total

of 621 participants were enrolled, all of whom were 80 years old. The subjects were divided on the basis of

the presence (CKD(+) group, n=280) or absence (CKD(–) group, n=341) of CKD. CKD was defined by as an

estimated glomerular filtration rate (eGFR) below 60 mL/min/1.73 m2. The eGFR of the CKD(+) and CKD(–)

groups was 49.7±8.5 and 70.9±9.5 mL/min/1.73 m2, respectively. During the 4-year study period, 87 individ-

uals died, and 25 of those deaths were due to CVD. A Cox multivariate regression analysis revealed no asso-

ciation between total mortality and CKD (relative risk [RR] 1.17, confidence interval [CI] 0.75–1.82, p=0.50).

However, the CVD mortality was significantly increased in the CKD(+) group (RR 4.60, CI 1.69–12.52,

p=0.003). CKD significantly increased the CVD mortality in subjects who were not taking antihypertensive

medication (RR 5.15, CI 1.04–25.50, p=0.04). Our results suggest that CKD increases the risk of CVD mor-

tality in very elderly individuals. It is not only important to prevent progression toward CKD in patients who

do not suffer from CKD, but also critical to manage the risk factors for CVD in patients with CKD, despite

their advanced age. (Hypertens Res 2008; 31: 2053–2058)
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Introduction

The National Kidney Foundation Task Force on Cardiovascu-
lar Disease in Chronic Renal Disease has reported that not
only end-stage renal disease (ESRD) but also mild to moder-
ate decreased renal function are risk factors for cardiovascular
diseases (CVD). The organization also recommended that
care should be taken to prevent patients with chronic kidney
disease (CKD) from developing CVD (1). As the glomerular
filtration ratio (GFR), a representative marker of renal func-
tion, gradually decreases with age at a rate of about −1.0 mL/

min/1.73 m2/year (2), the prevalence of CKD is naturally sub-
stantially higher in elderly individuals. Furthermore, ethnicity
affects the GFR, and the prevalence of CKD varies across dif-
ferent populations. The risk of CKD and CVD mortality
should ideally be evaluated in different countries and for dif-
ferent age groups (3). Recently, a Modification of Diet in
Renal Disease (MDRD) equation for the estimated GFR
(eGFR) that includes a Japanese correction coefficient was
reported from data contributed by over 500,000 individuals in
the general Japanese population (4). Japan is rapidly becom-
ing an aged society, and the very elderly (those aged 80 years
or over) now represent about 3.4% of the population (5); how-
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ever, little is known about the significance of CKD among
Japan’s older individuals. The 8020 Data Bank Survey, a
unique cross-sectional survey conducted in Japan, was origi-
nally designed to explore the relationship between the sys-
temic and dental health conditions of very elderly subjects.
Our study analyzed the data from this survey to clarify the
contribution of CKD to total or cardiovascular mortality in
very elderly individuals within the general Japanese popu-
lation.

Methods

Study Population

This study is part of a community-based cross-sectional sur-
vey of the 8020 Data Bank Survey, which was conducted in
Japan. The 8020 Data Bank Survey was designed to collect
baseline data on the systemic and dental health conditions of
80-year-old subjects and to promote the idea that everyone
should still have at least 20 original teeth by the age of 80. All
participants were born in 1917 and thus were 80 years old in
1997 when the initial screening was conducted. The data were
gathered from nine districts (Buzen City, Munakata City,
Yukuhashi City, the Tobata Ward of Kitakyushu City, Kanda
Town, Katsuyama Town, Toyotsu Town, Tsuiki Town and
Shinyoshitomi Village) in Fukuoka Prefecture, Japan. Across
these nine districts, the study identified 1,244 people who
were born in 1917. Of these, 697 individuals participated, and
621 completed the physical and blood examinations and were
enrolled in the subsequent study. For each individual who
died during this observation period, we recorded the date and
cause of death using the resident registration cards and offi-
cial death certificates. The cause of death was classified

according to the 10th version of the International Classifica-
tion of Disease (ICD-10), and there was no loss to follow-up
during the 4 years. All participants were ambulatory in their
daily life. This study was approved by the Human Ethics
Committee of Kyushu Dental College. The details of the
study protocol were explained to the subjects, and informed
consent was obtained prior to participation.

Data Collection

The examination included completion of a medical question-
naire, which contained questions regarding smoking history
and alcohol consumption. The activities of daily living (ADL)
status designations were determined by public health nurses
who classified the subjects into six groups. Individuals in
ADL-1 (n=529) were mostly independent in everyday life;
they left home on their own and used public transportation or
their own vehicles to travel wherever they wished. Those in
ADL-2 (n=67) were also nearly independent in everyday life,
but although they left home on their own, they tended to
remain within their local neighborhood. Those in ADL-3
(n=18) were almost independent within their homes; they did
not stay in bed during the day, but needed assistance to leave
home. Those in ADL-4 (n=4) were slightly less independent
within their homes; these subjects sometimes stayed in bed
during the day, left home infrequently, and required assis-
tance when they did go out. Those in ADL-5 (n=2) needed
some assistance indoors, and although they could walk on
their own, they normally stayed in bed during the day. Those
in ADL-6 (n=1) spent the entire day in bed and needed assis-
tance to eat, change clothes, and use the toilet. This classifica-
tion was based on the ADL standards provided by the
Ministry of Health and Welfare of Japan in 1991. In subse-

Table 1. Baseline Characteristics of the Subjects with or without CKD

CKD(−) CKD(+) p value

n 341 280
Sex (male/female) 170/171 80/200 **
BMI (kg/m2) 22.3±3.1 23.2±3.5 **
Systolic BP (mmHg) 150.2±22.5 150.8±24.2
Diastolic BP (mmHg) 79.0±12.2 78.8±12.5
Heart rate (bpm) 69.3±12.2 71.1±11.3 *
Total protein (g/dL) 7.3±0.5 7.4±0.5 *
Total cholesterol (mg/dL) 203.4±37.1 208.5±37.2
Creatinine (mg/dL) 0.86±0.14 1.15±0.54 **
eGFR (mL/min/1.73 m2) 70.9±9.5 49.7±8.5 **
Dependent ADL (%) 4.0 5.1
Smoking (%) 14.3 11.5
Treatment of hypertension (%) 29.1 44.0 **
History of cardiovascular diseases (%) 21.1 23.9
Diabetes mellitus (%) 9.1 12.8

CKD, chronic kidney disease; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration ratio; ADL, activities of
daily living. *p<0.05, **p<0.01.
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quent analyses, we regarded those subjects in ADL-1 and
ADL-2 as independent and the others as dependent, consis-
tent with the ADL standards. All subjects except those who
lived in two cities (Buzen City and Yukuhashi City; 182 sub-
jects) were asked about any medications they were taking.
Subjects were considered to have a history of CVD if, during
the interview, they reported suffering from cerebrovascular
diseases, ischemic heart diseases and arrhythmia. Treatment
with antihypertensive medication was assessed on the basis of
interview data and by recording the subject’s medications list.
Diabetes mellitus was recorded if patients claimed to have
diabetes, if they presented a prescription for antidiabetic
drugs, or if they showed a blood glucose measurement of
more than 200 mg/dL. Total protein, total cholesterol, and
creatinine concentrations were measured. Estimated GFR
was calculated using the simplified prediction derived from
the MDRD study modified for Japanese individuals (4):

eGFR = 0.881 × 186 × 80 −0.203 × (serum creatinine) −1.154

× (0.742 if female). 

GFR <60 mL/min/1.73 m2 was defined as CKD according to
the Clinical Practice Guidebook for Diagnosis and Treatment
of Chronic Kidney Disease from the Japanese Society of
Nephrology. Subjects’ height and weight were measured, and
their body mass index (BMI) was calculated. BMI was
defined as weight (in kg) divided by the square of the height
(in m2). The subjects were kept in a sitting position for at least
10 min in a quiet room, and their sitting blood pressure (BP)
was subsequently measured via an oscillometric method
using an automatic device (BP-103; Nippon Colin, Komaki,
Japan). The BP measurements were performed once on each
subject in all districts.

Data Analysis

All data are expressed as means±SD. Analyses were con-
ducted using SSPE for Windows, version 15.0J (SPSS, Inc.,
Chicago, USA). One-way ANOVA or χ 2 tests were used
where appropriate to compare groups. The parameters that
were used in the other Cox proportional hazards are listed
under the tables. The fully adjusted Cox proportional hazards
regression model (model 1) was adjusted for gender (male/
female), BMI, heart rate, systolic BP, smoking habits (current
smoker/noncurrent smoker), ADL (independent/dependent),
total protein, diabetes mellitus, and history of CVD. We used
model 1 to assess the relative risks in the context of subgroup
analysis. p values <0.05 were considered statistically signifi-
cant.

Results

Table 1 shows the baseline characteristics of each group with
or without CKD. The CKD(+) group had more females than
the CKD(−) group, and the BMI, heart rate, and total protein
in the CKD(+) group were significantly higher than in the
CKD(−) group. During the 4-year follow-up period, 87 indi-
viduals (46 males and 41 females) died. Of these deaths, 25
were due to CVD (6 heart failure, 5 myocardial infarctions, 4
strokes, 4 aortic aneurysms, 3 ischemic heart diseases, 1 sick
sinus syndrome, 1 hypertensive heart disease, and 1 cardiac
rapture; 7 males and 18 females), 24 were due to cancer, 16
were due to pneumonia, 7 were due to chronic obstructive
lung diseases, 5 were due to accidents such as fire, falling,
traffic accidents or suicides, 4 were due to gastric bleeding or
hepatic failure, and 3 were due to renal failure. The causes of

Table 2. Hazard Ratio for Total and Cardiovascular Mortality According to the Presence and Absence of CKD

CKD(+) vs. CKD(−)

HR 95% CI p value

All-cause mortality
Unadjusted 1.12 0.74–1.71 0.59
Gender, adjusted 1.28 0.84–1.98 0.26
BMI, adjusted 1.21 0.80–1.85 0.36
Gender and BMI, adjusted 1.37 0.89–2.11 0.15
Gender, BMI, smoking habit, ADL, DM, Hx of CVD adjusted 1.16 0.75–1.80 0.52
Fully adjusted 1.17 0.75–1.82 0.50

Cardiovascular mortality
Unadjusted 4.57 1.70–12.22 0.001
Gender, adjusted 4.63 1.70–12.60 0.003
BMI, adjusted 4.93 1.83–13.23 0.002
Gender and BMI, adjusted 4.97 1.83–13.51 0.002
Gender, BMI, smoking habit, ADL, DM, Hx of CVD adjusted 4.49 1.65–12.22 0.003
Fully adjusted 4.60 1.69–12.52 0.003

HR, hazard ratio; CI, confidence interval; DM, diabetes mellitus; Hx, histories; CVD, cardiovascular diseases; other abbreviations are
indicated in Table 1. Gender, BMI, smoking habit, ADL, DM, Hx of CVD, heart rate, systolic blood pressure, total protein are adjusted
in the fully adjusted Cox hazard regression analysis.
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death for the other subjects (n=3) were unknown. Based on
the Cox regression analysis results, the total mortality did not
differ between groups (Table 2). In contrast, the relative risk
for cardiovascular mortality in the CKD(+) group was signif-
icantly higher than that in the CKD(−) group. This signifi-
cance was not affected by the various adjustments of the Cox
hazard regression analysis. Table 3 shows the relative risk for
cardiovascular mortality in the different subgroups calculated
from the Cox multivariate-adjusted hazard regression analy-
ses. The CKD status was a significant risk factor for cardio-
vascular death in women but not in men. Although the status
of antihypertensive treatment was examined in a limited num-
ber of subjects (n=439), CKD increased cardiovascular mor-
tality in those subjects who were not taking antihypertensive
medication. In contrast, the presence or absence of a previous
history of CVD or of high systolic BP (over 140 mmHg) did
not affect the risk of CKD or its effects on cardiovascular
mortality.

Discussion

Our study demonstrated that CKD in 80-year-old subjects
was associated with cardiovascular mortality during a 4-year
observation period in a general Japanese population, whereas
total mortality was not affected by CKD status.

Cardiovascular morbidity and mortality was increased in
subjects with CKD in a general Japanese population (6, 7). In
these studies, the subjects with CKD were about 15–20 years
older than subjects without CKD. Age is not taken into
account in the definition of CKD, and the increasing rate of
prevalence of CKD is not linear with aging (4). Furthermore,

in the Japanese, the cardiovascular mortality rate at 80 years
of age is about 3 times that of individuals aged 70 (4). In our
study, because all subjects were 80 years old and we did not
need to correct for patient age, it was clear that the cardiovas-
cular mortality of the subjects with CKD remained signifi-
cantly higher than that of the subjects without CKD at the age
of 80 years.

Although we did not identify an association between CKD
and total mortality in our study, several previous studies
reported that not only death from cardiovascular causes, but
also deaths as a result of total and non-cardiovascular causes
was increased in subjects with CKD (8–11). We are not able
to incontrovertibly explain this discrepancy, but there are sev-
eral possible explanations. First, the observation period in our
study might have been too short or the number of subjects too
small to detect such differences. Second, the difference in eth-
nicity may have affected the results. Iseki suggested that
Japan has a higher prevalence of CKD than any other coun-
tries on the basis of a comparison between several commu-
nity-based screening programs (3). Stroke is a more common
cause of CVD in Japan than coronary heart disease which is
contrary to observations in Western countries. The contribu-
tion of CKD to total mortality might also be different in
Japan.

In our study, CKD was more frequently identified in
women than in men, and cardiovascular mortality was
increased in women but not in men. Epidemiological studies
in Japan, such as the Hisayama study (6) or the NIPPON
DATA 90 (7), have also shown that CKD was more often
found in women than in men. The Hisayama study showed
that CKD was an independent risk factor for coronary artery
disease in men and for ischemic stroke in women. In addition,
CKD increased the net occurrence of all cardiovascular dis-
eases (including ischemic stroke and coronary artery disease)
only in women (6). We did not record data on cardiovascular
events, but several previous studies have demonstrated that
higher cardiovascular mortality was observed in women after
they first exhibited cardiovascular events (12–14). Chen et al.
reported that only women with CKD are at significantly
greater risk of coronary artery disease (15). They also demon-
strated that mild CKD (45.0 < eGFR < 59.9) was a significant
risk factor for mortality in women but not in men. The patho-
physiological reason for this gender difference was not clear,
and further studies are needed to clarify these differences in
detail.

We defined CKD as a GFR <60 mL/min/1.73 m2, which is
consistent with the Clinical Practice Guidebook for the Diag-
nosis and Treatment of Chronic Kidney Disease from the Jap-
anese Society of Nephrology of 1st edition. We also
examined the hazard ratio of the GFR as a continuous vari-
able using Cox multivariate-adjusted regression analyses and
found a significant inverse association between GFR and car-
diovascular mortality. The prevalence of CKD in our study
was about 45%, which is almost comparable to that of a pre-
vious study reported by Imai et al. (4). Because over

Table 3. Hazard Ratio for Cardiovascular Mortality
According to the Presence and Absence of CKD by Different
Subgroups

CKD(+) vs. CKD(−)

HR 95% CI p value

Gender
Male (n=250) 2.65 0.53–13.23 0.24
Female (n=371) 7.18 1.62–31.80 0.009

CVD
Present (n=139) 9.79 1.07–89.69 0.04
Absent (n=482) 3.78 1.21–11.87 0.02

Antihypertensive medication
Present (n=156) 1.62 0.28–9.47 0.59
Absent (n=283) 5.15 1.04–25.50 0.04

Systolic BP
≥140 (n=414) 4.32 1.33–14.06 0.02
<140 (n=207) 9.07 1.01–81.30 0.05

Abbreviations are indicated in Table 1 or 2. Gender, BMI, smok-
ing habit, ADL, DM, Hx of CVD, heart rate, systolic blood pres-
sure, total protein are adjusted in this Cox hazard regression
analysis.



Kagiyama et al: CKD Increases Cardiovascular Death Rates in 80 Year Olds 2057

7,130,000 people are over 80 years old in Japan, our estimate
is that at least 3,200,000 subjects suffer from CKD (5).
Because the rate of developing ESRD for patients with CKD
and without proteinuria in Japan is less than 5/1,000 persons
every 7 years (16), the management of CKD in individuals
over 80 should be primarily directed at preventing CVD
events. Clinical trials are seldom conducted on therapies to
prevent CVD in CKD patients. The Heart Outcomes and Pre-
vention Evaluation (HOPE) study demonstrated that patients
with mild renal insufficiency have a higher incidence of car-
diovascular events and death and that angiotensin-converting
enzyme inhibitor effectively decreases the incidence of these
events (17). We demonstrated that CKD increased cardiovas-
cular death in subjects who were not taking antihypertensive
medication but not in subjects who were on an antihyperten-
sive medication regimen. The systolic BP of patients taking
antihypertensive medication was significantly higher than
that of patients not taking such drugs (148±24 mmHg vs.
155±22 mmHg, p<0.01). Those patients taking antihyper-
tensive medication regularly attended a clinic or hospital and
may therefore have received more consistent health evalua-
tions. A previous study demonstrated that multidisciplinary
care for patients with CKD resulted in reduced mortality (18).
We did not precisely analyze what types of drugs the subjects
were taking, but antihypertensive medication itself may
decrease the incidence of cardiovascular death in scenarios
other than antihypertensive effects. In larger clinical trials,
researchers have suggested that antihypertensive drugs such
as an angiotensin-converting enzyme inhibitor or an angio-
tensin type 1 receptor blocker may prevent progression of
CKD and/or decrease cardiovascular mortality in addition to
eliciting BP reduction (17, 19, 20). Concomitantly, our results
indicated that preventive medications for CVD should be pre-
scribed for patients with CKD.

The limitations of our study are as follows: first, the study
cohort was not large. Second, we did not measure hemoglobin
concentration and urinary protein excretion. Anemia is a
common symptom in patients with heart failure and increases
the morbidity of patients hospitalized with heart failure, as
well as their mortality rates (21). CKD induces anemia
because of a deficiency in erythropoietin, even if the GFR is
between 30 and 59 mL/min/1.73 m2 (22). There is still contro-
versy over whether CKD and anemia are independent or
dependent risk factors for CVD. The Atherosclerosis Risk in
Communities study showed an interaction between anemia
and CKD (23), but in the Second National Health and Nutri-
tion Examination Survey Mortality Study anemia was not an
independent risk factor for coronary heart disease mortality
after adjustment for various other risk factors (24). Pro-
teinuria and decreased GFR have been reported as independ-
ent risk factors for cardiovascular mortality (25). Adjustment
for proteinuria might significantly increase the relative risk of
CKD for cardiovascular death, but the effect might not be that
marked, because proteinuria has been reported to affect only
about 5% of the general population in Japan (16).

Recently, the Hypertension in the Very Elderly Trial
(HYVET) demonstrated that antihypertensive medication can
greatly decrease cardiovascular events and deaths in patients
over 80 years of age (26). Large clinical trials must be con-
ducted to identify the effects of antihypertensive medication
on the prevention of CVD in elderly subjects with CKD. We
note that cardiovascular events, even if not fatal, can signifi-
cantly worsen ADL. Accordingly, we must provide preven-
tive medical care to decrease cardiovascular morbidity in the
elderly.
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