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Abstract

Objective. The joint impact of obesity, hypertension, and hyperglycemia upon medical costs is not well known. Our objective was to evaluate
the joint impact of these cardiovascular risk factors upon medical costs in the rural Japanese population.

Methods. The data were derived from a 6-year prospective observation of National Health Insurance beneficiaries in rural Japan. Data on
blood chemistry tests, blood pressure, weight, and height were obtained from an annual health check-up provided by the local municipalities in
1995. We prospectively collected data on medical costs over a 6-year period for 12,340 subjects (5306 men and 7034 women) without prior

histories of cardiovascular disease or cancer.

Results. Mean medical costs for individuals being overweight/obese, hypertensive, and hyperglycemic were 91.0% higher than those for
individuals without any of these three cardiovascular risk factors. In this cohort, 17.2% of total medical costs were attributable to these three risk

factors.

Conclusion. Overweight/obesity, hypertension, and hyperglycemia could have a large impact on health care resources in rural Japan.

© 2006 Elsevier Inc. All rights reserved.

Keywords: Hypertension; Obesity; Hyperglycemia; Health care costs

Introduction

Medical costs are increasing much faster than Gross
Domestic Product in most industrialized countries (Organisation
for Economic Co-operation and Development, 2005), and this
imbalance is now becoming a serious threat to the sustainability
of national health insurance systems. Reducing the need and
demand for medical services through health promotion and
disease prevention is expected to stabilize medical costs and
alleviate this imbalance (Fries et al., 1993). Several studies have
estimated the economic impact of modifiable cardiovascular risk
factors including hypertension, hyperglycemia, dyslipidemia, or
obesity. Most of them were focused on the economic impact of a
single risk factor (Nakamura et al., 2005; Brown et al., 1999;
Nichols and Brown, 2005; Chenoweth, 2004; Selby et al., 1997;
Thompson and Wolf, 2001; Quesenberry et al., 1998; Raebel et
al., 2004; Kuriyama et al., 2002) or were based on hypothetical,

* Cormresponding author. Fax: +81 22 717 8125.
E-mail address: ohmori-k@umin.ac.jp (K. Ohmori-Matsuda).

0091-7435/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.ypmed.2006.11.020

cross-sectional, or retrospective study designs (Ray et al., 2000;
Oliva et al., 2004; Hodgson and Cohen, 1999; Hogan et al,,
2003). These cardiovascular risk factors often occurred together
in the same individual (Ford et al., 2002; Greenland et al., 2003;
Haffner and Taegtmeyer, 2003), and their combination syner-
gistically increased the risk of morbidity and mortality (Stamler
et al., 1993, 1999; Wilson et al., 1998; Greenland et al., 2003),
consequently raising medical costs. However, the joint impact of
these cardiovascular risk factors upon medical costs is still
unclear.

A few previous cohort studies have tried to estimate the
relationship between medical costs and combination of
cardiovascular risk factors (Daviglus et al.,, 1998; Goetzel et
al., 1998; Anderson et al., 2000; Jee et al., 2001; Lynch et al,,
2005). Most of them were limited to working individuals, who
were healthy enough to work at entry into the cohort and would
later drop out when they ceased to work because of age or
illness. Therefore, these studies would have underestimated the
impact of cardiovascular risks upon medical costs. To fully
examine the impact of cardiovascular risk factors upon medical
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costs, it is necessary to follow-up a large-scale population-based
cohort that retains all individuals, regardless of age or health
status.

Our objective was to evaluate the joint impact of cardio-
vascular risk factors upon medical costs in the rural Japanese
population. The present data were derived from a 6-year follow-
up observation of National Health Insurance (NHI) benefici-
aries in rural Japan, known as the Ohsaki NHI Cohort Study
(Tsuji et al., 1998, 2003; Izumi et al., 2001; Kuriyama et al.,
2004; Anzai et al., 2005).

Methods

Study setting and design

The setting and design of the Ohsaki NHI Cohort Study have already been
reported in detail (Tsuji et al., 1998). In brief, this prospective cohort study
started in 1994, when we delivered a self-administered questionnaire on various
health-related lifestyles to all NHI beneficiaries aged 40-79 years living in the
catchments area of Ohsaki Public Health Center, Miyagi Prefecture, Japan. NHI
in Japan is used by farmers, the self-employed, pensioners, and their dependents.
Ohsaki Public Health Center, a local government agency, provides preventive
health services for the residents of 14 municipalities. The questionnaires were
delivered to and collected from the subjects’ residences by public health officials
in each municipality. This procedure yielded a high response rate of 94.6%
(N=52,029). We excluded 774 subjects because they had withdrawn from the
NHI before January 1, 1995, when we started the prospective collection of NHI
claim files. Thus, 51,255 subjects formed the study cohort. This study was
approved by the Ethics Committee of the Tohoku University Graduate School of
Medicine. We considered the return of self-administered questionnaires signed
by the subjects to imply their consent to participate in the study.

Exposure data

Data on cardiovascular risk factors were obtained from an annual health
check-up conducted by physicians and provided by the local municipalities in
1995. This annual health check-up is provided free, or at low charge, to all
people aged 40 years and over in Japan. The examinations include an interview,
measurement of weight, height and blood pressure (BP), physical examination,
and blood chemistry tests for serum total cholesterol, serum high-density
lipoprotein (HDL), plasma glucose, and other parameters, without instructions
to fast beforehand.

In this study, we defined hypertension as either a seif-report of taking
antihypertensive medication or systolic BP > 140 mm Hg or diastolic BP =90
mm Hg (Chobanian et al., 2003), and dyslipidemia as either a self-report of
taking lipid-lowering medication or a serum total cholesterol level =220 mg/dI
or serum HDL level <40 mg/dl (Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults, 2001). Hyperglycemia was
defined as either a self-reported history of diabetes or a plasma glucose level
> 150 mg/d! (Schauffler et al., 1993). Body Mass Index (BMI) was calculated as
the weight (kg)/height (m)2. We defined overweight/obesity as a BMI =25
(World Health Organization, 2000).

Follow-up

Among the participants of the Ohsaki NHI Cohort Study, 17,065 (33.3%)
received the annual health check-up between June and November in 1995, and
gave their consent for us to analyze their results for this study. We prospectively
collected NHI claims files from the local NHI Association for all individuals in
the cohort for the period from January 1, 1996, to the date of withdrawal from
the NHI because of death or emigration, or until December 31, 2001. When a
beneficiary withdraws from the NHI, the date and reason are entered in the NHI
withdrawal files. Both NHI claims and withdrawal files were linked to our
baseline survey data and annual health check-up data files, using each
beneficiary’s identification number as the key code.

Out of 17,065 examines, we excluded 439 because they had withdrawn from
the NHI before January 1, 1996. We also excluded 1522 subjects who reported
having had cancer, stroke, or myocardial infarction and 2764 subjects who had
missing data for BP, body measurements, and blood tests. Consequently, 12,340
subjects (5306 men and 7034 women) were included in this analysis.

Assessment of medical costs

NHI covers almost all medical care, including diagnostic tests, medication,
and surgery. When medical providers treat a patient, they receive co-payment
from the patient and then file a claim to the local NHI Association for
reimbursement. Payment to medical providers is made on a fee-for-service basis,
where the price of each service is determined by a uniform national fee schedule.
The local NHI Association has provided us with subjects’ NHI claim files every
month.

Monthly medical costs for each subject were calculated by dividing the total
medical costs throughout the observation period by the number of months
observed. We used monthly values rather than cumulative values to avoid
underestimating medical costs for subjects who died or emigrated during the
follow-up (Kuriyama et al., 2004; Anzai et al., 2005).

Statistical analysis

Like previous studies (Daviglus et al., 1998; Kuriyama et al., 2004; Anzai et
al., 2005), we chose an ordinary least-squares model based on non-log-
transformed data in a general linear model because the results in the original
dollar units are more easily interpretable and because total medical costs for
groups can be estimated from adjusted mean-per-individual costs.

We estimated the relative contribution of each of four cardiovascular risk
factors (hypertension, dyslipidemia, hyperglycemia, and overweight/obesity) to
medical costs. We estimated medical costs within three categories-inpatient,
outpatient, and total cost-for subjects with and without these index risk factors
using analysis of covariance (ANCOVA) adjusted by age at the baseline
(continuous variable), sex, smoking (current smoker, past smoker, or never
smoker), alcohol drinking (current drinker, past drinker, or never drinker), and
comorbidity of the other three cardiovascular risk factors.

To assess the joint impact of cardiovascular risk factors upon medical costs,
we classified the subjects into categories according to the combination of risk
factors that were significantly associated with medical costs, and calculated the
adjusted mean monthly medical costs of each category by ANCOVA.

We estimated the proportion of risk-attributable medical costs (RAC%)
related to the cardiovascular risk factors. First, we calculated the adjusted excess
costs per individual for each risk category by subtracting the mean medical costs
among those without any of overweight/obesity, hypertension, and hypergly-
cemia from the mean medical costs for each risk category. Second, to estimate
risk-attributable medical costs for each risk category, the adjusted excess costs
per individual for each risk category were multiplied by the person-months for
each risk category observed. Risk-attributable medical costs were divided by
total medical costs for the entire cohort. The results provided the estimates of
RAC%.

All analyses were conducted with SAS software version 9.1 (SAS Institute
Inc., 2004). We estimated the P-value using the F-value of the general linear
model and estimated the 95% confidence interval (Cl) from the least squares
standard error. For multiple comparisons, we used the Tukey test. All of the
statistical tests reported here were two-sided, and differences at P <0.05 were
accepted as statistically significant. In this paper, monetary values are converted
to U.S. dollars ($) using an exchange rate of $1.00=115 Japanese yen.

Results

Among 51,255 participants in the Ohsaki NHI Cohort Study,
24.1% (N=12,340) were available for the present study. They
were more likely to be female, current nonsmoker, normoten-
sive, and normoglycemic as compared with non-participants
(N=38,915) (Table 1).



