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Abstract

Background. Chronic Kidney Disease (CKD) has been
shown to be a risk factor for mortality as well as for
morbidity such as cardiovascular disease (CVD) in the
general population. However, in the context of CVD
events, there is a difference in the incidence of cardiac
and stroke events between Western and Asian popula-
tions. Although a high prevalence of stroke is a
characteristic feature in Japanese populations, it is
unclear whether CKD constitutes a risk for stroke
events. _
Methods. To clarify this issue, we estimated creatinine
clearance and obtained dipstick tests from spot-urine
samples in 1977 subjects (mean 62.9-years-old, men/
women: 731/1246) from a general Japanese population.
First symptomatic stroke events and all-cause mortal-
ity were analysed according to stratification of kidney
function and by positive tests for macroalbuminuria
using a Cox proportional hazards regression model
adjusted for possible confounding factors.

Results. During the observation period (mean 7.76
years), we recorded 112 events of first symptomatic
stroke and 187 deaths (58 cases due to CVD). After
adjustment for all variables, we found that increases in
relative hazard (RH) for the first symptomatic stroke
events were associated with decreasing kidney function
(RH, 3.1; 95% CI, 1.24-7.84 in Ccr <40ml/min, 1.9;
95% CI, 1.06-3.75 in Ccr 40-70ml/min, ref in
Ccr > 70ml/min) and with the presence of macroalbu-
minuria (RH, 1.4; 95% CI, 0.80-2.41).

Conclusion. Decreased kidney function increased the
risk of first symptomatic stroke events in a general

Correspondence and offprint requests to: Dr M. Nakayama,
1-1 Seiryo machi Aoba-ku Sendai, 980-8574, Japan.
Email: mnakayama@mail.tains.tohoku.ac.jp

Japanese population. The high prevalence of stroke in
this population prompts the need for greater public
awareness about risks for CKD.

Keywords: chronic kidney disease; Japanese general
population; stroke

Introduction

Chronic Kidney Disease (CKD) [1] is an independent
risk factor for all-cause mortality including cardiovas-
cular disease (CVD) events among the general popula-
tion in Western countries [2-5]. Recent reports from
Japan have also confirmed CKD as a significant risk
for CVD events and all-cause mortality [6-8], suggest-
ing that CKD represents a major public health issue
that is independent of ethnicity.

However, in the context of CVD events, there is a
difference in the incidence of coronary heart disease
and stroke events between Western and Asian popula-
tions [9]. A high prevalence of stroke has remained a
major concern in Japan [10], where mortality resulting
from stroke is 3-fold higher than that in the United
States, while mortality from coronary heart disease is
one-third of that in the United States [11,12]. In the
atherosclerosis risk in a community (ARIC) study
conducted in the United States [5], cardiac diseases
represented a majority of CVD events, wherein 79.4%
of CVD events were due to coronary heart disease.
Thus, although the link between CKD and incidence of
stroke events in the Asian population s of crucial
interest, there is limited data in this area of research [6].

The present community-based longitudinal observa-
tional study aimed to explore this issue in the general
Japanese population. We ascertained a significant role

© The Author [2007]. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
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for kidney dysfunction in the development of first
symptomatic stroke events as well as in all-cause and
CVD-related mortality.

Subjects and methods

Design

The present report is based on a longitudinal observation of
subjects who had been participating in a blood -pressure (BP)
measurement project in Ohasama, Iwate Prefecture (Japan)
since 1987. Ohasama, a rural community, had a total popu-
lation of 7496 in 1992. The socio-economic and demographic
characteristics of this region and details of this project have
been previously described [13]. The study protocol was
approved by the Institutional Review Board of Tohoku
University School of Medicine and by the Department of
Health of the Ohasama Town Government.

Study population

In Japan, annual health check-ups are available for farmers,
the self-employed, pensioners and dependents aged >35
years. Among the residents of Ohasama, 3076 were eligible
for annual health check-ups in 1992. Of the 2192 residents
who participated in check-ups from 1992 to 1997, data on
serum creatinine levels, dipstick tests for spot-urine and
confounding factors were unavailable in 215 subjects.
The present study population thus comprised 1977 indivi-
duals, representing 64% of the total eligible population.

Follow-up and outcomes

Residence in Ohasama as of 31 December 2001 was
confirmed by residential registration cards. These cards are
both accurate and reliable because they are used for pensions
and social security benefits in Japan. Causes of death up to
31 December 2001 were investigated by referencing to the
national mortality registry, in which underlying causes of
death are classified by death certificates according to the
recommendations of the ‘International Classification of
Disease, 10th revision’ (ICD-10).

Incidences of stroke and transient ischaemic attack (TIA)
up to 31 December 2001 were investigated by reference to the
Stroke Registration System of Iwate Prefecture, the national
mortality registry, National Health Insurance receipts and
from interviews at the time of annual check-ups. Results were
then confirmed by checking medical records at Ohasama
Hospital, the only hospital in the community, where >90%
of patients undergo regular check-ups. Death certificates
were the sole source of information for only 2% of stroke
cases. Most cases were diagnosed by computed tomography
or magnetic resonance imaging of the brain. Diagnostic
criteria for stroke and stroke subtypes were based on the
Classification of Cerebrovascular Disease 11 by the National
Institute of Neurological Disorders and Stroke [14].

Primary outcomes were defined as the first symptomatic
event of stroke. We additionally analysed all cause mortality
and mortality from CVD defined as death from diseases of
the circulatory system (ICD-10:100- 199).

1911
Data collection

Serum creatinine was measured using the Jaffe assay. Kidney
function was estimated by calculated creatinine clearance
(Ccr) using the Cockcroft—Gault equation [15]. Diagnoses
were made using a dipstick test for spot-urine
(Urohemabonbix 5GO08C; Bayer Medical, Japan). Positive
macroalbuminuria was considered present for a dipstick
result of + or more, corresponding to a urinary protein level
>30mg/dl [16]. BP was measured twice by nurses or
technicians at local medical centres using an automatic
USM-700F sphygmomanometer (UEDA Electronic Works,
Tokyo, Japan) based on the Korotkoff sound technique
(microphone method) [17] with subjects in a seated position
after resting for >2 min. Casual BP was defined as the mean
of two readings. Information on smoking status, use of
antihypertensive medications at baseline, as well as history of
CVD, diabetes mellitus or hypercholesterolaemia were
obtained from interviews, from the results of blood
examinations at the time of annual health check-ups, and
from medical records at Ohasama Hospital. History of CVD
was defined as disease of the circulatory system (ICD-10:100
to 199), stroke and TIA. Subjects receiving administration
of lipid-lowering drugs or displaying serum cholesterol
levels >5.68 mmol/l (220mg/dl) were considered to have
hypercholesterolaemia. Subjects with fasting glucose levels
>77mmol/l (126 mg/dl) or non-fasting glucose levels
>11.11mmol/l (200mg/dl), or who used insulin or oral
anti-hyperglycaemic drugs were defined as having diabetes
mellitus. Body mass index (BMI) was calculated as weight
(kg) divided by helght squared (m?).

Data analysis

Associations between baseline kidney function, as defined by
estimated Ccr, macroalbuminuria and incidence of primary
outcomes, were examined using the Cox proportional
hazards regression model, adjusted for age, gender, systolic
BP, BMI and smoking status, for the use of antihypertensive
medications- at baseline and for history of CVD, diabetes
mellitus or hypercholesterolaemia. Participants who died
from other causes or who were lost to follow-up were
designated as censored. The dependent variable in these
analyses was the number of days from the date of
observation to the date of death, stroke or TIA, or censoring,
respectively.

The estimated relative hazard (RH) and 95% confidence
interval (95% CI) of variables were derived from the
coefficient and standard error as determined by the Cox
proportional hazards model. Data are shown as means+SD.
Values of P <0.05 were accepted as indicative of statistical
significance. All statistical analyses were conducted using
SAS version 9.1 software (SAS Institute, Cary, NC, USA).

Results

The mean age of the 1977 subjects was 62.9 & 9.6 years,
and the ratio of men to women was 37:63. There were
154 subjects (7.8%) who presented a positive test
for urinary protein. Mean systolic/diastolic BP
was 130/73mmHg. Of all the subjects, 15.6% were
classified as current or ex-smokers and 22.5% were
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treated with antihypertensive medication, while 5.1, 8.8
and 37.7% subjects were classified as having a history
of heart disease, diabetes mellitus or hyperlipidaemia,
respectively. Mean BMI was 23.4kg/m’. A history of
stroke was present in 83 subjects, indicating that 1914
subjects had never experienced a stroke.

The observational period averaged 7.8 2.0 years.
A total of 37 subjects (2%) moved away and were lost
to follow-up. One hundred seventeen subjects devel-
oped first symptomatic strokes among 1914 cases
who had never previously experienced a stroke. Of
these, there was cerebral infarction in 78 cases, cerebral
bleeding in 21 cases, subarachnoid haemorrhage in
eight cases, TIA in four cases and other causes in one
case. Of 187 deaths, 69 were due to neoplasma, 58 were
due to CVD including stroke in 26 cases, 18 were due
to respiratory disease and 42 were due to other causes
(Table 1).

After the preliminary analysis, patients were strati-
fied into three groups according to estimated Cecr
levels: <40ml/min, 40-70ml/min and >70ml/min.
This classification was arbitrary but yielded the most
powerful statistical difference with Cox analysis for
all-cause mortality in terms of the magnitude of log
likelihood ratio {18]. Basic characteristics of the
respective groups are shown in Tables 1-3.

RH(s) for first symptomatic stroke events among
subjects with negative stroke history, all-cause of
mortality and CVD-related mortality adjusted for
confounding factors were determined and compared
with the reference group having Ccr > 70 ml/min
(Figure 1).

RH for first symptomatic stroke event was 1.9
(95% CI:1.06-3.75) for Ccr 40-70ml/min and 3.1
(95% Cl1:1.24-7.84) for Ccr <40 ml/min. RH for all-
cause mortality was 2.3 (95% CI:1.29-4.23), for Cer
40-70 ml/min and 5.3 (95% CI: 2.46-11.59) for Cer
<40ml/min. RH for CVD-related mortality was 1.6
(95% CI: 0.554.50), for Ccr 40-70 ml/min and 2.7
(95% CI: 0.67-10.63) for Ccr <40 ml/min.

Outcomes were also stratified by the presence or
absence of macroalbuminuria after adjustment for
the same factors employed in the analysis of kidney
function. The RH for macroalbuminuria (as compared
with negative) was 2.1 (95%Cl:1.44-3.13) for all-cause
mortality, was 2.8 (95% CI1:1.49-5.21) for CVD-related

Table 1. Outcomes

M. Nakayama et al.

mortality and was 1.4 (95% CI:0.80-2.41) for first
symptomatic stroke (Figure 2).

When the analyses for macroalbuminuria or Ccr
were adjusted beforehand by Ccr or macroalbumi-
nuria, respectively, in addition to adjustment for basal
confounding factors, nearly the same results were
found.

Table 2. Subject characteristics (1)

Cer (mi/min) <40 40-70 70<

n 176 " 1246 555

Age (years old) 756+7.2 64.54+7.2 553+£9.0
Gender (male%) 347 35 422

Height (cm) 146.4+8.6 151.1£7.7 157.0+8.1
Weight (kg) 444473 524+175 623+8.7
BMI 20.7+2.7 23.0+3.0 25.3+3.1
SBP (mmHg) 133.0+£19.6 130.5+17.5 130.3£135.5
DBP (mmHg) 71.6+11.4 72.6+11.2 743+10.4
Creatinine (mgj/dl) 1.1+0.3 0.9+0.1 0.8+0.1
TC (ml/dl) 187.0+34.3 196.9 +34.2 196.9 +33.6
FBS (mg/d}) 89.0+ 14.1 101.3+18.2 110.3+£37.3
BS (mg/dl) 131.0+£67.3 118.0+31.9 117.4+42.7
(Mean £ SD).

SBP/DBP, systolic and diastolic blood pressure; TC, total colesterol;
FBS/BS, fasting and non-fasting blood glucose.

Table 3. Subject characteristics (2)

Ccr (ml/min) <40 40-70 . 70<
n 176 1246 555
Current or ex-smokers (%) 12.5 15.7 16.2
Antihypertensive medications (%) 31.8 24.2 15.7
History of cardiovascular disease (%) 10.8 5.2 29

Presence of hyperlipidemia (%) 21.0 28.9 29.7
Presence of diabetes mellitus (%) 21.6 17.6 19.8
Positive for macroalbumiuria (%) 30.1 1.7 54

Cardiovascular disease, defined as the circulatory systems

(ICD-10:100-199) and stroke. Presence of hyperlipidemia, defined
as subjects on lipid-lowering drugs or with serum choklesterol levels
of >5.68 mmol/l (220 mg/dl). Presence of diabetes mellitus, defined
as subjects on medical treatment such as insulin or antihyperglycemic
drugs or subjects with a fasting glucose level of 77 mmol/1 (126 mg/dl)
or non-fasting glucose level of 11.11 mmol/l (200 mg/dl). Positive for
proteinuria, defined as positive of dip-stick test for spot-urine.

CCr (ml/min) <40 40-70 70- Total P-value
n 176 1246 555
All causes of death 58 (100%) 114 (100%) 15 (100%) 187 (100%)
Cardiovascular 18 (31.0%) 32 (28.1%) 4 (26.7%) 54 (28.9%)
Non-cardiovascular 40 (69.0%) 82 (71.9%) 11 (73.3%) 133 (71.1%) NS
First symptomatic stroke event 20 (100%) 77 (100%) 15 (100%) 112 (100%)
Cerebral bleeding 4 (20.0%) 12 (15.6%) 5 (33.3%) 21 (18.8%)
Cerebral infarction 15 (75.0%) 54 (70.1%) 10 (66.7%) 79 (70.5%)
Others 1 (5.0%) 11 (14.3%) 0 (0.0%) 12 (10.7%) NS

(Chi-square analysis).
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Fig. 1. Association of kidney function with the all-cause mortality, cardiovascular mortality and the first symptomatic stroke event.
Relative hazard (RH) and 95% confidence intervals (CI) were adjusted for age, gender, systolic BP, BMI, smoking status, the use of
antihypertensive medication, history of CVD, hypercholesterolaemia and diabetes for the three outcomes. Numbers inside the bars indicate

95% CI. The lowest group was treated as the reference category.
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Fig. 2. Associations between macroalbuminuria and all-cause mortality, cardiovascular mortality and the first symptomatic stroke events.
Relative hazard (RH) and 95% confidence intervals (CI) were adjusted for age, gender, systolic BP, BMI, smoking status, the use of
antihypertensive medication, history of CVD, hypercholesterolaemia and diabetes for the three outcomes.

Analysis based on the combination of both Cecr and
macroalbuminuria, adjusted for the primary confound-
ing factors, demonstrated that combination of these
two factors further increased the risks (Figure 3A—C).

Discussion

The present Ohasama study was based on longitu-
dinal observations on a general population in a rural

Japanese community. This survey was unique in
that diagnosis of stroke was confirmed at the
Ohasama Hospital, which is the only hospital in the
community, and where >90% of residents undergo
regular check-ups. Furthermore, 98% of the diag-
noses for all stroke events were made during radi-
ological examinations, and only 2% of cases diagnosed
by death certificates. Therefore, most of the stroke
events in this community were very accurately
identified.
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Fig. 3. Relative hazard (RH) all-cause mortality, cardiovascular
mortality and the first symptomatic stroke event, according to
kidney function and macroalbuminuria. RH and 95% confidence
intervals (CI) were adjusted for presence of macroalbuminuria, age,
gender, systolic BP, BMI, smoking status, the use of antihypertensive
medication, history of CVD, hypercholesterolacmia and diabetes for
the three outcomes. '

During the mean follow-up period of 7.76 years,
a total 112 events of first symptomatic stroke and
187 deaths (31% due to CVD) were recorded. These
data revealed that decreased kidney function and
the presence of macroalbuminuria were independent
risk factors for all-cause and CVD-related mortality,
confirming a previous large-scale report from Japan

[6,7]. Thus, the cohort of the present study may well .

represent the general Japanese population. In the

M. Nakayama et al.

analysis of first symptomatic stroke events, decreasing
kidney function was associated with increasing RH
(RH, 3.1 in Ccr <40 ml/min, 1.9 in Ccr 40-70 ml/min),
and the presence of macroalbuminuria tended to
increase RH, but this did not reach statistical
significance (RH, 1.4).

Decreased kidney function is, at least in part, related
to traditional risk factors for CVD, such as age, history
of CVD, smoking, atherosclerosis, diabetes and
hypertension. It is known that hypertension plays a
crucial role in the development of stroke events [19].
Even after adjustment for these factors, our study
still revealed decreased kidney function as a significant
risk factor for first symptomatic stroke events. Since
cerebral infarction remained a leading disorder among
stroke events in the subjects, these data indicate that
decreased kidney function may constitute a risk for
ischaemic stroke events. Interestingly, similar findings
were reported in the UK [20], wherein high normal
serum creatinine levels were a risk factor for stroke
events among the general population. Furthermore,
a recent study reported that mild degrees of renal
dysfunction are associated with increased risk of
incidental ischaemic stroke or TIA among patients
with CVD [21]. Taken together, these findings indicate
that a common pathological factor may be involved in
the development of stroke and cardiac events in the

ccourse of CKD, and we speculate that non-classical

risk factors may be involved in these mechanisms.
These issues will require further clarification.

In this survey, the dipstick test was employed to test
for the presence of macroalbuminuria, and proteinuria
greater than+ was defined as positive, which corre-
sponds to a urinary protein level >30mg/dl [16]. The
significant links between macroalbuminuria and mor-
tality in our subjects support findings from previous
studies examining the effect of macroalbuminuria [22].
However, we unexpectedly found that macroalbumin-
uria was not a significant risk factor. for first
symptomatic stroke events in the current study.
Interestingly, a recent report from Japan [6] revealed
that macroalbuminuria was not a significant risk factor
for death due to stroke, although it was a significant
risk factor for all-cause and CVD mortality. We
speculate that patients with macroalbuminuria are
also likely to have systemic vasculopathy, and there-
fore the death events due to all-causes may be more
apparent than those caused by first symptomatic
stroke events. The potential importance of macroalbu-
minuria for stroke events warrants further study.

For the method of estimating kidney function, we
could not employ the recently recommended IDMS-
derived new MDRD formula to predict estimated
GFR in the present study [23]. Instead, we used the
Cockcroft—Gault equation even though it is not the
best method. This was done because serum creatinines
were measured by Jaffe assay, and the available racial
coefficient in calculating the MDRD equation for the
Japanese population is lacking. Thus, further studies to
examine exact risk estimation based on the CKD
staging are still needed.
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In conclusion, decreased kidney function increased
the risk for first symptomatic stroke events in a general
Japanese population. The high prevalence of stroke in
this population prompts the need for greater public
awareness about risks for CKD.
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CLINICAL INVESTIGATIONS

Effect of Combined Cardiovascular Risk Factors on
Individual and Population Medical Expenditures

—— A 10-Year Cohort Study of National Health
Insurance in a Japanese Population —

Tomonori Okamura, MD; Koshi Nakamura, MD; Hideyuki Kanda, MD*;
Takehito Hayakawa, PhD**; Atsushi Hozawa, MD; Yoshitaka Murakami, PhD;
Takashi Kadowaki, MD; Yoshikuni Kita, PhD; Akira Okayama, MDf;
Hirotsugu Ueshima, MD for the Health Promotion Research Committee
of the Shiga National Health Insurance Organizations’t

Background Although obesity is required for some criteria defining metabolic syndrome, clustering of other
risk factors also indicates an increased risk of cardiovascular disease. Whether the relationship between cardio-
vascular risk factor clustering and medical expenditures differs with body mass index (BMI) requires investiga-
tion, especially in a population with a low prevalence of obesity such as that in Japan.

Methods and Results A 10-year cohort study of 4,478 Japanese National Health Insurance beneficiaries aged
40-69 years in a community between 1990 and 2001 was carried out in the present study. The clustering of car-
diovascular risk factors showed a positive and graded relationship to personal medical expenditures in partici-
pants who are overweight (BMI 225.0) and normal weight (BMI <25.0). The individual medical expenditures
per month were 1.7-fold higher for participants with 2 or 3 risk factors and overweight than for those without
these factors (26,782 vs 15,377 Japanese yen). Differences in the geometric means were similarly significant
after adjustment for other confounding factors. However, the excess medical expenditures by risk clustering of
normal weight categories within the total medical expenditures were higher than those of overweight categories

Circ J 2007; 71: 807-813

because more participants were of normal weight.
Conclusions
expenditures in a Japanese population.

Cardiovascular risk factor clustering and being overweight can be a useful predictor of medical
{Circ J 2007; 71: 807-813)

Key Words: Medical expenditures; Metabolic components; Overweight; Risk factors

cardiovascular risk factors that are difficult to
control, but which are widespread in many devel-
oped countries! These factors are often clustered?-6¢ which
has resulted in a high incidence of cardiovascular disease
accounted for by metabolic syndrome, recognized as vis-
ceral fat accumulation?7 The individual components of
metabolic syndrome impose a major economic burden on
the health-care system$-12 However, few studies have
examined the combined effects of multiple cardiovascular
risk factors on medical expenditures!3.14
Furthermore, the National Cholesterol Education Program
considers each risk factor to have a similar effect on athero-
sclerosis!® On the contrary, the International Diabetes
Federation defines waist circumference as a requirement

H ypertension, dyslipidemia, diabetes and obesity are
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for a diagnosis of metabolic syndrome!¢ However, other
studies have shown that high-risk individuals with meta-
bolic risk factors often go undetected if obesity is a required
criterion!”1® Thus, whether the relationship between car-
diovascular risk factor clustering and medical expenditures
differs with body mass index (BMI) should be determined,
especially in a population with a low prevalence of obesity
such as the Japanese.

The present study examines the influence of cardiovas-
cular risk factor clustering on medical expenditures in indi-
viduals who are overweight and of normal weight defined
by BMI. Our a priori hypothesis is that clustering of cardio-
vascular risk factors has a positive, graded association with
medical expenditures. Furthermore, we investigated whether
overweight participants with risk factor clustering actually
have high medical expenditures and if so, the proportion of
the excess medical expenditures in the total medical expen-
ditures consumed by these participants.

Methods

Medical Expenditures in Japan

Medical expenditures in Japan are based on a public
medical insurance institution!920 that comprises 2 systems.
Everyone living in Japan is required to enrol in either of the
2 insurance systems, and this is called ‘health-insurance for
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all’. One is for employees and their dependants and the
other is for self-employed individuals, such as farmers and
fishermen, retirees and their dependants. The 2 systems
respectively cover 65.3% and 34.7% of the overall popula-
tion. All prices are strictly controlled by a fee schedule that
is set by the National Government, and calculated on the
basis of ‘fee-for-service’. The fee schedule is constant,
regardless of insurance system. Furthermore, the same fee
schedule applies to all clinics and hospitals that are
approved to provide medical services under the public
medical insurance system.

Study Population

Our study cohort comprised 4,535 Japanese beneficiaries
of the National Health Insurance (NHI). Details of the
cohort study have been reported elsewhere?-21.22 Briefly,
the 40—-69-year-old participants lived in 7 rural towns and a
village in Shiga Prefecture, West Japan, and had undergone
a baseline survey between 1989 and 1991. In 1990, the
study area had 82,155 residents, including 31,564 individu-
als aged 40-69 years, of whom 11,900 were NHI benefici-
aries. Therefore, the participants in the present study repre-
sented approximately 38% of all NHI beneficiaries in this
age group within this community. Monthly NHI claim files
for over 10 years within the Shiga NHI Organizations were
linked with the baseline survey data. Deleting the names
of the participants from the linked data protected their
privacy. We excluded 57 participants as a result of infor-
mation missing from the baseline survey. Accordingly,
4,478 participants (1,921 men and 2,557 women) were
included in the analysis. The Institutional Review Board of
Shiga University of Medical Science for ethical issues
approved the present study (No.16-15).

Baseline Survey and Follow-up

The baseline survey was performed by standardized
methods in accordance with the Manual for Health Check-
ups under the Medical Service Law for the Aged, issued by
the Japan Public Health Association in 198723 Public health
nurses measured blood pressure with a standard mercury
sphygmomanometer in individuals who had rested for at
least 5min. Hypertension was defined as systolic blood
pressure 2140 mmHg, diastolic blood pressure 290 mmHg
or taking anti-hypertensive medication. Diabetes was
defined as a history of diabetes or glucosuria detected by a
spot urine test with a dipstick containing a color pad.
Serum high-density lipoprotein (HDL)-cholestero!l and tri-
glycerides as a marker of dyslipidemia were not measured
at the baseline examination. Accordingly, dyslipidemia
was defined as hypercholesterolemia with a total cholester-
ol level 25.69 mmol/L (220 mg/dl).

All participants were classified into the following cate-
gories on the basis of clustering of cardiovascular risk
factors (hypertension, diabetes and hypercholesterolemia):
none, 1, and 2-3. Because visceral fat accumulation was
not measured at the baseline survey and the prevalence of
obesity (BMI >30kg/m?) was very low (1.3%), we used a
BMI of 25kg/m? or greater as an indicator of being over-
weight in the present study?* Smoking and alcohol con-
sumption habits were determined from interviews adminis-
tered by the public health nurses.

Information on medical expenditures for each participant
was obtained from the monthly NHI claim files, starting
from April in the year following their initial health check-
up until March 2001. Medical expenditures are expressed
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in Japanese yen and US dollars (ie, 100 Japanese yen=
$US 0.848, at the exchange rates published on November
7th, 2006). Data regarding medical expenditures for each
individual differed depending on the period of subscription
to the NHI. The medical expenditures for each participant
were therefore divided by the period of subscription, and
are expressed as expenditures per month of follow-up. If a
beneficiary withdrew from the NHI or died, follow-up was
stopped at that point. Follow-up was restarted for beneficia-
ries who withdrew and then re-enrolled in the NHL

Data Analysis

We evaluated medical expenditures per person per
month in each of 3 categories according to the number of
cardiovascular risk factors. Because the distribution of real
medical expenditures was positively skewed, the data were
logarithmically transformed to normalize the distribution

“and the results are expressed as geometric means. For par-

ticipants with expenditures of 0 yen per month, logarithmic
transformations were achieved by replacing 0 yen with 1
yen. Fifteen participants had total medical expenditures of
0 yen and 16 had outpatient medical expenditures of O yen.
To compare total and outpatient medical expenditures per
person in each category we performed an analysis of covari- -
ance after adjusting for age, sex, BMI, smoking (non-
smoker or current smoker) and alcohol consumption (none,
occasional or daily consumption) with the Bonferroni cor-
rection for multiple post-hoc comparisons. A similar analy-
sis was also performed after stratifying by BMI at 25kg/m?.
The significance of multiplicative interaction between risk
factor clustering and being overweight for medical expen-
ditures was examined by cross-product terms in the model.
Because 2,604 participants had inpatient medical expendi-
tures of O yen, logarithmic transformations were not per-
formed, and we applied the Kruskal —Wallis test to compare
inpatient medical expenditures among the 3 categories.

Furthermore, we compared the medical expenditures per
person between overweight and normal weight participants
with individual cardiovascular risk factors.

Finally, we calculated excess medical expenditures at-
tributable to the number of metabolic risk factors. The
excess medical expenditures were estimated as follows: Y,
[(the arithmetic mean of total medical expenditures in each
of the 5 groups except for normal weight and no risk factor
group, ie, (1) normal weight with 1 risk factor, (2) normal
weight with 2 or 3 risk factors, (3) overweight alone, (4)
overweight with 1 other risk factor, and (5) overweight
with 2 or 3 other risk factors—the arithmetic mean of total
medical expenditures in normal weight and no risk factor
group) X (the number of individuals in each of the 5 cate-
gories.)]. We also examined the ratio of excess medical
expenditure to the entire total medical expenditures of the
population.

The statistical package SPSS 14.0J for Windows per-
formed these analyses. All probability values were 2-tailed
and the significance level was established at p<0.05.

Results

The prevalence of being overweight was 21.0% (men,
18.1%; women, 23.3%) of the entire study population.
Table | summarizes the baseline risk characteristics of the
4,478 participants grouped according to risk factor cluster-
ing. Among them, 12.9% (men, 10.7%; women, 14.5%)
had 2 or 3 risk factors, and 39.5% (men, 40.8%; women,

Circulation Journal Vol.71, June 2007
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Table 1 Baseline Risk Characteristics in 1989-1991 of 4,478 National Health Insurance Beneficiaries in Shiga, Japan,

Grouped by Sex and Risk Status
. . Risk status category
Risk characteristics p value
None 1 risk factor 2 or 3 risk factors
Men
No. of participants (%) 931(48.5) 782 (40.7) 208(10.8)
Age (years)* 52.4%8.3 55.248.0 55.6£8.0 <0.01
Body mass index (kg/m?)* 22.112.5 22.9+2.7 24.0+2.9 <0.0!1
Smoking habitt
Current smoker (%) 61.0 58.7 59.1 0.61
Drinking habit
Non-drinker (%) 213 194 22.1
. Occasional drinker (%) 224 19.3 240 0.18
Daily drinker (%) 56.3 61.3 53.8
Hypertension (%) 0.0 67.4 94.7 <0.0!1
Hypercholesterolemia (%) 0.0 23.0 76.9 <0.01
Diabetes (%) 0.0 9.6 35.1 <0.01
Women
No. of participants (%) 1,204 (46.1) 984 (38.5) 369(14.4)
Age (years)* 52.048.1 56.0£7.5 58.216.5 <0.01
Body mass index (kg/m?)* 22.3%2.7 23.4%3.1 24.4+2.9 <0.0!
Smoking habitt
Current smoker (%) 3.6 33 2.7 0.71
Drinking habit!
Non-drinker (%) 79.9 79.6 80.8
Occasional drinker (%) 16.5 16.2 154 0.92
Daily drinker (%) 3.6 4.3 38
Hypertension (%) 0.0 54.2 97.6 <0.01
Hypercholesterolemia (%) 0.0 43.6 93.8 <0.01
Diabetes (%) 0.0 2.2 12.5 <0.01

*One way analysis of variance.
Chi-square test.
Values located after the mark, *, indicate standard deviation.

Table 2 Medical Expenditures (Total, Qutpatient and Inpatient) per Person Grouped by Number of Cardiovascular
Risk Factors, After 10-Year Follow-up From 1990 to 2001, in National Health Insurance in Shiga, Japan

Medical costs per person per month

Risk status No. of Total : Outpatient : Inpatient

category participants Arithmetic Adj uste4 Arithmetic Adj ustet_i Arithmetic
geometric geometric
nmean mean mean
mean mean

None 2,135 16,400 yen 7,361 yen 8,545 yen 5,420 yen - 7,872 yen
(139 dollars) (62 dollars) (72 dollars) (46 dollars) (67 dollars)
1 risk factor 1,766 23,002 yen 9,382 yent 12,470 yen 7,034 yen' 10,538 yen
(195 dollars) (80 dollars) (106 dollars) (60 dollars) (89 dollars)
2 or 3 risk factors 577 25,090 yen 10,562 yent 15,494 yen 7,929 yent 9,597 yen
(213 dollars) (90 dollars) (131 dollars) (67 dollars) (81 dollars)

p<0.01* p<0.01* p<0.01%

100 Japanese yen=0.848 US dollars, at the foreign exchange rate on November 7th, 2006.
*Analysis of covariance adjusted for age, sex, body mass index, smoking habit and drinking habit.
tSignificance, vs none, for multiple post-hoc comparisons with Bonferroni correction, p<0.05.

*Kruskal Wallis test.

38.6%) had 1 risk factor. In both groups with 1 or more risk
factors, the prevalence of hypertension was highest fol-
lowed by hypercholesterolemia. Smoking and alcohol con-
sumption did not significantly differ between the 3 groups
in both men and women. The mean BMI values were
higher in participants with more risk factors.

Total person-years were 40,815 and the mean follow-up
was 9.0 years. Sex-specific analyses of the medical expen-
ditures among the 3 categories showed similar results for
men and women. Therefore, we reported our findings for
men and women combined. Table2 shows that during fol-
low-up, the total medical expenditures per person per
month with 23 risk factors (25,090 yen or $US 213) and
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with 1 risk factor (23,002 yen or $US 195) were higher
than those in the group with no risk factors (16,400 yen or
$US 139). The geometric means of total medical expendi-
tures after adjusting for other confounding factors showed
significant differences in personal medical expenditures
between the 3 categories.

Table3 shows the medical expenditures per person in
normal weight and overweight groups stratified by a BMI
of 25.0kg/m?2. The total medical expenditures were highest
in overweight individuals with 2-3 risk factors (26,782 yen
or $US 227). On the contrary, the total medical expendi-
tures were lowest in the normal weight group with no risk
factors (15,377 yen or $US 130). The relationship between
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Table 3 Total Medical Expenditures per Person Grouped by Number of Cardiovascular Risk Factors, Stratified by Having
Overweight (BMI 225.0) or Not After 10-Year Follow-up From 1990 to 2001, in National Health Insurance in Shiga, Japan

Total medical costs per person per month

Risk status category No. of participants

Arithmetic mean Adjusted geometric mean
None
BMI<25.0 1,849 15,377 yen 6,985 yen
(130 dollars) (59 dollars)
BMI225.0 286 23,011 yen 9,168 yent
(195 dollars) (78 dollars)
1 risk factor
BMI<25.0 1,336 24,245 yen 9,091 yent
(206 dollars) (77 dollars)
BMI225.0 430 19,143 yen 10,703 yen?
(162 dollars) (91 dollars)
2 or 3 risk factors
BMI1<25.0 351 24,002 yen 10,263 yent
(203 dollars) (90 dollars)
BMI>25.0 226 26,782 yen 12,048 yent
(227 dollars) (102 dollars)
p<0.01*

100 Japanese yen=0.848 US dollars, at the foreign exchange rate on November 7th, 2006.
*Analysis of covariance adjusted for age, sex, smoking habit and drinking habit.
1Significance, vs none without overweight, for multiple post-hoc comparisons with Bonferroni correction, p<0.05.

BMI, body mass index.

Table 4 Total Medical Expenditures per Person Grouped by Type of Cardiovascular Risk Factors, Stratified by Having
Overweight (BMI >25.0) or Not After 10-Year Follow-up From 1990 to 2001, in National Health Insurance in Shiga, Japan

Total medical costs per person per month

Risk status category No. of participants

Adjusted geometric mean

Adjusted geometric mean

(Model 1)* (Model 2)**
Hypertension
BMI<25.0 1,098 9,045 yen 11,407 yen
(77 dollars) (97 dollars)
BMI>25.0 519 11,026 yent 12,991 yen
(94 dollars) (110 dollars)
Hypercholesterolemia
BMI<25.0 803 9,252 yen 9,210 yen
(78 dollars) (78 dollars)
BMI>25.0 312 10,420 yent 10,551 yen
(88 dollars) (89 dollars)
Diabetes
BMI<25.0 153 15,308 yen 15,139 yen
(130 dollars) (128 dollars)
BMI225.0 63 18,974 yen 19,497 yen
(161 dollars) (165 dollars)

100 Japanese yen=0.848 US dollars, at the foreign exchange rate on November 7th, 2006.

*Model 1, analysis of covariance adjusted for age, sex, smoking habit and drinking habit.

**Model 2, analysis of covariance adjusted for age, sex, smoking habit, drinking habit and other risk factors except for categorized
risk factor; for example, in hypertension, hypercholesterolemia and diabetes were adjusted.

1Significance, between normal weight and overweight, p<0.05.
Abbreviation see in Table 3.

the number of risk factors and adjusted geometric means of
medical expenditures in both the normal weight and over-
weight groups was positively graded. The increase in the
rate of medical expenditures according to the number of
risk factors was not parallel; however, the interaction term
between the number of cardiovascular risk factors and
overweight criteria did not reach statistical significance
(p=0.351). Individual medical expenditures per month
were higher in overweight individuals, than in the normal
weight group when the number of other cardiovascular risk
factors was consistent.

Table4 shows the medical expenditures between over-
weight and normal weight participants with hypertension,
hypercholesterolemia and diabetes. The medical expendi-
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tures per person in all 3 groups were higher in the over-
weight group than in the normal weight group. The differ-
ence in medical expenditures between overweight and
normal weight were largest in diabetics.

The calculated excess medical expenditures attributable
to normal weight individuals with 1 risk factor, those who
were of normal weight with 2-3 risk factors, only over-
weight, overweight with 1 other risk factor and overweight
with 2-3 other risk factors were 11,847,648 yen, 3,027,375
yen, 2,183,324 yen, 1,619,380 yen and 2,577,530 yen, re-
spectively. Fig 1 shows the share of each excessive medical
cost of the total medical expenditures of the entire popula-
tion. The excess medical expenditures of the 2 normal
weight categories combined (16.5%) were higher than
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Figl.
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Normal weight with 1 )

other risk factor (13.1%)
Normal weight

Normal weight with 2 or (165%)

3 other risk factors (3.4%) J

Overweight alone (2.4%)

Overweight
(7.1%)

Overweight with 1 other
risk factor (1.8%)

Overweight with 2 or 3
other risk factors (2.9%)

Entire total medical expenditures for the study
popalation (100%) = 90,113,463 yen (764,162 US Dollars)

Ratio (%) of excess medical expenditures related to number of cardiovascular risk factors stratified by body mass

index (25kg/m2) in whole population after 10-year follow-up, from 1990 to 2001, in National Health Insurance in Shiga,
Japan (men and women combined). White area represents predicted medical expenditures if all participants were of nor-

mal weight without risk factors.

those of 3 overweight categories combined (7.1%).

Discussion

We performed a follow-up study of a Japanese commu-
nity between 1990 and 2001 and found a positive graded
relationship between clustering of cardiovascular risk
factors and personal medical expenditures irrespective of
being overweight. The mean personal medical cost was
higher in overweight, than in normal weight individuals
when the number of other risk factors was consistent. Fur-
thermore, the total medical expenditures were the highest
in overweight individuals with 2-3 risk factors. Neverthe-
less, the excess medical expenditures in these participants
in entire population were only a few percent and the excess
expenditures observed in normal weight categories were
rather higher than those in overweight categories.

Findings from the Framingham study have already
shown that the risk of atherosclerotic disease increases with
combinations of risk factors, such as hypertension, glucose
intolerance and hypercholesterolemia?s Japanese epidemio-
logical studies have also found similar results in communi-
tyé and occupational?6 settings. However, few studies to
our knowledge have investigated the association between
cardiovascular risk clustering or metabolic syndrome and
medical expenditures!3.14 Most other studies have focused
on the effect of hypertension combined with diabetes on
medical economics?2:27.28

The continuous increase in medical expenditures is an
important concern in most developed countries?® Further-
more, the effect of cardiovascular diseases on medical
economics is a major concemn. For example, the medical
expenditures for cardiovascular disease including hyper-
tension was 20.4% of the total national medical expendi-
tures in the Japanese population aged 45-69 years, which
was larger than any other disease groups during 200130 The
effective way to control medical expenditures incurred by
cardiovascular diseases is to detect those at high risk and
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provide intensive health and lifestyle guidance or opportu-
nities for early clinical visits for primary care. The present
findings showed that overweight people with cardiovascular
risk clustering should be detected as priority targets for a
high-risk strategy3! and that overweight people with car-
diovascular risk factors such as hypertension, hypercholes-
terolemia and diabetes can also be potential targets for
high-risk strategies that could significantly affect individual
medical expenditures. If an individual has accumulated
visceral fat or impaired glucose tolerance, which is now
classified as a metabolic syndrome, then their medical ex-
penditures should be reduced by implementing appropriate
dietary measures and by increasing physical activity.

By contrast, irrespective of high individual medical ex-
penditures, the proportion of excess medical expenditures
in the normal weight categories with 1 or more other risk
factors was higher than those of all overweight categories
combined. The low proportion of excess medical expen-
ditures incurred by overweight individuals is a result of
relatively small number of overweight participants identi-
fied in the present study. The 1989 to 1991 baseline survey
defined only 21% of participants as being overweight
(25kg/m? or more). Accordingly, from the viewpoint of an
entire population and a population strategy3! regardless of
being overweight, the presence of other cardiovascular risk
factors such as hypertension, diabetes and hypercholester-
olemia significantly effects medical expenditures. Normal
weight people with other risk factors, especially in non-

" Western populations with a low prevalence of obesity,
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should be carefully considered.

The present study has several limitations. First, the
public medical insurance system in Japan differs from that
in other countries. Therefore, absolute values of medical
expenditures for the participants in the present study might
not be directly relevant to other populations. Second, we
clustered risk factors from a single measurement at the
baseline survey, which generated a regression dilution bias.
Third, we did not have values for fasting blood glucose,
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triglycerides or HDL-cholesterol, which are important
components of metabolic syndrome!5 We used BMI as an
indicator of being overweight. One report indicates that
waist circumference predicts visceral fat accumulation
(which plays a major role on atherosclerosis) better than
BMI3? Accordingly, we might have underestimated or
misclassified obesity or being overweight by the BMI
method. Finally, details of medical diagnoses, medical
treatment status (eg, prescriptions), clinical condition and
cause of mortality were not available. Thus, further studies
are required to clarify the effects of these variables.

In conclusion, cardiovascular risk clustering and being
overweight can be a useful predictor of medical expendi-
tures. On the contrary, the sum of excess medical expendi-
tures because of risk factor clustering in normal weight
individuals is larger than that in overweight individuals be-
cause of the relatively small ratio of overweight individuals
in Japan. However, the obesity epidemic is not restricted to
Western countries. Furthermore, mean BMI is rapidly in-
creasing in Asian countries such as Japan. Accordingly,
being overweight might increase population medical expen-
ditures in the future.
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