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Abstract

We estimated the medical costs of hyperlipidemia that could be avoided by decreasing the percentage of obese individuals in
Japan. Data from the National Health and Nutrition Survey were used to determine the percentage of individuals with
hyperlipidemia among those with a risk factor of BMI(kg/m2) equal to or greater than a certain level. Population attributable
fraction (PAF) was used for the estimation. Our study suggests that the different criteria for the risk factor of BMI are associated
with a marked difference in the percentage of hyperlipidemic individuals, and that the change in the BMI-based criteria for
obesity is associated with a substantial increase or decrease in avoidable medical costs of hyperlipidemia.

INTRODUCTION

Obesity is now identified as a global health problem in both
developed and developing countries 1,2,3,4,5,6,7,8 . Japan is not

an exception. Yoshiike et al. 9 investigated the change in the

proportion of obese individuals in Japanese adults from 1976
to 1995 and reported that the body mass index (BMI) in men
increased by 0.44 over a period of 10 years.

Obesity is clearly associated with a variety of health
problems, and the Examination Committee of Criteria for
Obesity Disease in Japan, the Japan Society for the Study of
Obesity, specifies lipid metabolism disorders and diabetes
mellitus as health problems caused by or related to obesity
requiring weight loss. It is also known that the incidence of
health problems increases as the degree of obesity increases.
Robert et al. 4 conducted the National Health and Nutrition

Examination Surveys (NHANES) I to III and showed that
increased BMI was associated with an increased incidence of
obesity-related disorders. The National Institutes of Health
also indicates that the incidence of low HDL cholesterolemia
and hypertension is markedly higher in individuals with a
BMI of 30 or more 10 .

Association of the degree of obesity and health problems has
direct implication for medical costs. Charles et al. 11

analyzed the relationship between the degree of obesity and
annual medical costs, number of inpatient days, number of
outpatient visits, and medication costs in members of a
health maintenance organization in the United States.

Compared with individuals with a BMI of 20 to 24.9, annual
medical costs were 25% greater in individuals with a BMI of
30 to 34.9 and 44% greater in those with a BMI of 35 or
more. Kim et al. 12 and David et al. 13 also reported that

medical costs increased in individuals with higher BMI in
the United States. Daniel et al. 14 found a positive correlation

between BMI and medical service use in Australia.
Kuriyama et al. 15 reported similar results in Japanese

individuals. Compared with individuals with a BMI of 21.0
to 22.9, total medical costs were 1.10 times greater in
overweight individuals with a BMI of 25 to 29.9 and 1.22
times greater in obese individuals with a BMI of 30 or more,
indicating increased total medical costs with increasing BMI.
However, their studies did not focus on obesity-related
disorders such as hyperlipidemia or estimate the impact of
obesity on total medical costs.

In Japan, only one anti-obesity drug is now covered by
national health insurance, and reimbursement is based on a
very strict criterion of BMI of 35 or more. However, analysis
of the relationship between BMI and medical costs of
obesity-related disorders is very important in the context of
multiple anti-obesity drugs under clinical development in
Japan, possibility of review of the criteria for health
insurance coverage of the anti-obesity drug, and an increase
in the number of obese individuals.

The present study focused on the medical costs of
hyperlipidemia, a common complication of obesity. Data
from the National Health and Nutrition Survey were used to
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determine the percentage of individuals with hyperlipidemia
among those with a risk factor of BMI equal to or greater
than a certain level. The objective of the study was to
estimate the medical costs of hyperlipidemia that could be
avoided by decreasing the percentage of obese individuals
and provide evidence useful in reviewing the criteria for
health insurance coverage in the future.

METHODS

The present study analyzed data from the National Health
and Nutrition Survey in 2001. Assessment of obesity was
based on BMI (kg/m 2 ), a standard measure used by the

World Health Organization (WHO) 1,16 and Japan Society for

the Study of Obesity.

BMI, a typical measure of obesity, is calculated as weight in
kilograms divided by height in meters squared. For analysis
of medical costs of hyperlipidemia associated with obesity,
samples were identified for which data on height and body
weight required for calculation of BMI and triglycerides
were available. Pregnant or nursing women were excluded
from the analysis because their condition had some effects
on BMI. The diagnostic criteria for hyperlipidemia
established by the Japan Atherosclerosis Society are total
cholesterol levels of at least 220 mg/dl, LDL cholesterol
levels of at least 140 mg/dl, or triglyceride levels of at least
150 mg/dl. According to this diagnostic criteria for
hyperlipidemia, individuals with triglyceride levels of 150
mg/dl or more were considered hyperlipidemic and those
with triglyceride levels less than 150 mg/dl were considered
non-hyperlipidemic.

To estimate the proportion of medical costs for individuals
with the risk factor of BMI equal to or greater than a certain
level, population attributable fraction (PAF) was used
according to previous studies 17,18,19,20,21,22,23 . PAF is

calculated by the following formula:

PAF = Pρ (RR – 1) ÷ [1 + {Pρ (RR – 1)}]

Pρ  represents the proportion of individuals with a given risk

factor and indicates the proportion of overweight and obese
individuals in the present study. RR indicates a relative risk
of disease associated with overweight or obesity. Thus, RR
is defined as the rate of disease among individuals with a
given risk factor divided by the rate of disease among those
without.

Medical costs that could be avoided by eliminating the risk
factor of BMI equal to or greater than a certain level may be

estimated by multiplying the total medical costs by PAF. In
the present study, a total of six levels of BMI ranging from
25 to 30 in one-step increments were examined as a potential
risk factor. The medical costs of hyperlipidemia that could
be avoided by eliminating the risk factor were calculated
from PAF and data on inpatient and outpatient medical costs
of hyperlipidemia in 2001. The inpatient and outpatient
medical costs of hyperlipidemia were calculated by
subtracting medical costs of diabetes mellitus from medical
costs of endocrine, nutrition, and metabolic disease in fiscal
2001, which were obtained from the fiscal 2003 database of
statistical survey on national medical expenditures stored in
the Ministry of Health, Labour and Welfare Statistical
Database System.

Analysis was performed on total population (15 years of age
or older), middle age group (45 to 64 years), and older age
group (65 years or older), which were in accordance with the
age groups used in the survey on national medical
expenditures.

RESULTS

Table 1 shows descriptive statistics for samples used for the
analysis of medical costs of hyperlipidemia by age group.
The mean BMI was about 23 in all age groups. However, the
maximum BMI was very high with 37.64, 37.02, and 45.96
in the middle age group, the older age group, and the total
population, respectively. The mean triglyceride level was as
high as 145.65 in the middle age group.

Figure 1

Table 1: Descriptive statistics

Table 2 shows the number and percentage of individuals
with or without risk factors of BMI above certain levels
among the samples used for the analysis of medical costs of
hyperlipidemia. It also shows the number and percentage of
hyperlipidemic and non-hyperlipidemic individuals.
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Figure 2

Table 2: The number and percentage of individuals with or
without risk factors

According to the classification of obesity developed by the
Japan Society for the Study of Obesity, obesity is defined as
a BMI of 25 or more. According to the definition, the
percentage of individuals with the risk factor of BMI of 25
or more was 30.9% in the middle age group, 28.6% in the
older age group, and 27.1% in the total population. The
percentage of hyperlipidemic individuals with a triglyceride
level of 150 mg/dl or more and the BMI risk factor was
16.2% in the middle age group, 12.3% in the older age
group, and 13.0% in the total population.

According to the classification of obesity established by
WHO, obesity is defined as a BMI of 30 or more 1,16 .

According to the classification, the percentage of individuals
with the risk factor of BMI of 30 or more was 4.0% in the
middle age group, 3.7% in the older age group, and 3.8% in
the total population. Hyperlipidemic individuals with the
risk factor accounted for 2.3% of the middle age group,
1.7% of the older age group, and 2.1% of the total
population.

Table 3 shows the medical costs of hyperlipidemia that
could be avoided by eliminating the risk factor of BMI equal
to or greater than a certain level. Analysis of medical costs
of hyperlipidemia showed that the costs for individuals with
the risk factor of BMI of 25 or more accounted for 21.89%
of overall costs in the middle age group and amounted to
40.694 billion yen, including inpatient and outpatient
medical costs. The analysis also showed that the costs
accounted for 13.09% of overall costs in the older age group
and amounted to 31.265 billion yen, including inpatient and
outpatient medical costs. The corresponding figures were
21.97% and 121.696 billion yen in the total population.

Figure 3

Table 3: The medical costs of hyperlipidemia that could be
avoided by eliminating the risk factor

Analysis of the medical costs of hyperlipidemia showed that
the costs for individuals with the risk factor of BMI of 30 or
more accounted for 2.62% of overall costs in the middle age
group and amounted to 4.878 billion yen, including inpatient
and outpatient medical costs. The analysis also showed that
the costs accounted for 1.69% of overall costs in the older
age group and amounted to 4.042 billion yen, including
inpatient and outpatient medical costs. The corresponding
figures were 3.14% and 17.408 billion yen in the total
population.

DISCUSSION

First, the criteria for obesity should be reviewed. The WHO
defines obesity as a BMI of 30 or more 1 , although the

validity remains controversial 16 . For Japanese individuals,

the Japan Society for the Study of Obesity has established
the criteria for obesity as a BMI of 25 or more. However,
individuals with a BMI of 25 or more do not always require
weight loss from a medical point of view. Thus, obesity
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disease is defined as a medical condition that is “actually or
potentially accompanied by health problems caused by or
related to obesity and thus medically requires weight loss.”
With consideration of the criteria established by WHO and
Japan Society for the Study of Obesity, the present study
performed analysis based on risk factors of BMI levels of 25
to 30.

In the analysis of hyperlipidemia, individuals are
hyperlipidemic when they had triglyceride levels of 150
mg/dl or more, which was one of the diagnostic criteria for
hyperlipidemia established by the Japan Atherosclerosis
Society. It should be noted, however, that the analytical
results in the present study were underestimated because the
Japan Atherosclerosis Society defines hyperlipidemia as an
increase in one or more of the components of total
cholesterol, LDL cholesterol, and triglycerides.

As Table 2 shows the percentage of individuals with risk
factors, hyperlipidemic individuals with a BMI of 25 or
more accounted for 13.0% of the total population (15 years
or older), and those with a BMI of 30 or more accounted for
2.1%, indicating an at least six-fold difference. Analyses of
the middle age group (45 to 64 years) and the older age
group (65 years or older) revealed an about seven-fold
difference. These findings suggest that different criteria for
the risk factor of BMI are associated with a marked
difference in the percentage of hyperlipidemic individuals.

Some previous studies 11,12,13,14,15,24,25,26,27,28 of obesity-related

medical costs in countries other than Japan reported that
obesity was responsible for 0.8% to 6.2% of the total
medical costs in Europe and the United States. For Japanese
individuals, Kuriyama et al. 15 analyzed medical costs

attributable to overweight (BMI of 25 or more) or obesity
and reported that the costs represented 3.2% of the total.
However, their study analyzed the impact of obesity on total
medical costs and did not focus on the medical costs of
obesity-related disorders. As shown in Table 3, our study
provided the percentage of medical costs of hyperlipidemia
for individuals with a BMI equal to or greater than a certain
level in the total costs of hyperlipidemia and also presented
inpatient and outpatient medical costs.

On the basis of the criteria established by the Japan Society
for the Study of Obesity, the medical costs of hyperlipidemia
associated with the risk factor of BMI of 25 or more
accounted for about one-fifth of the total medical costs of
hyperlipidemia, with 21.97% in the total population and
21.89% in the middle age group. In light of the percentage of

medical costs of hyperlipidemia in the total medical costs
and the current criteria for obesity (BMI of 25 or more),
management of obesity is essential for reducing medical
costs. The relatively lower percentage of 13.09% in the older
age group compared with other age groups may be explained
by the relatively lower percentage of obese individuals in the
older age group compared with other age groups.

The criteria for obesity established by WHO, European and
American countries, shows that the percentage of medical
costs of hyperlipidemia associated with the risk factor of
BMI of 30 or more in the total costs of hyperlipidemia was
3.14% in the total population, 2.62% in the middle age
group, and as low as 1.69% in the older age group. These
figures were substantially different from those calculated
based on the current criteria for obesity of BMI of 25 or
more as described above. In other words, these results imply
that change in the BMI-based criteria for obesity is
associated with a substantial increase or decrease in
avoidable medical costs of hyperlipidemia. Thus, the criteria
for health insurance coverage for treatment of obesity should
be carefully determined with consideration of health
insurance finances.
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