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Objectives: This study aimed to estimate the risk of disease- and death-causing obesity and to calculate direct and indirect costs using national health
insurance big data. Methods: We constructed cohort data for 10,091,251 participants who underwent a national health screening between 2003 and
2004. Cox’s proportional hazard models were adopted to analyze the relative risk (RR) of related diseases and causes of death, adjusted for age, smoking,
alcohol consumption, and exercise. Population attributable risk (PAR) of obesity was calculated considering prevalence of obesity and RR of incidence
and death of obesity related diseases. Socioeconomic costs were estimated including direct and indirect costs. Results: The risk of diabetes increased
with increasing body mass index (BMI). In severely obese males, the risk of diabetes was 4.83 times higher than in normal weight males. In severely
obese females, the risk of diabetes was 4.01 times higher than in normal weight females. In case of the socioeconomic cost of obesity, the direct and
indirect costs differed by sex: the direct cost of male and female obesity was 50.8% and 85.9% in 2015, respectively. Conclusions: This study identified
that obesity is not only a significant risk factor of diseases and death but also the cause of economic loss for the health insurance sector. Therefore, it is
considered that it is necessary to develop an intervention program to manage examinees who are determined to be obese.
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INTRODUCTION

risk factor in several health problems, including hypertension, hyperlipidemia, diabetes, cardiovascular disease, arthritis, and cancer [7-10]. One

Five percent of all mortalities worldwide have been attributed to obe-

meta-analysis of obesity [9] found that the risk of endometrial cancer

sity and overweight, indicating their global impact [1]. In most Organi-

was 1.5 times higher in overweight individuals (25≤ BMI, body mass in-

zation for Economic Cooperation and Development (OECD) nations,

dex< 30) and 3.2 times higher in obese individuals (BMI ≥30) compared

roughly half the population is overweight. Due to its role as the cause of

to individuals with normal weight. Furthermore, diabetes risk was 2.4

chronic disease, obesity has been receiving considerable attention in the

times higher in overweight males, 6.7 times higher in overweight females,

public health sector [2]. In most OECD member countries, 1-3% of total

3.9 times higher in obese males, and 12.4 times higher in obese females.

health expenditure is on obesity-related causes, with governments now
establishing comprehensive strategies to counter the disorder [2].
Lifestyle habits, such as smoking and alcohol consumption, have been
identified as major health risk factors, backed by numerous domestic and

Besides affecting human health, health risk factors also cause wideranging economic loss to the public. Accounting for direct (e.g., medical
costs) and indirect (e.g., premature death) costs, Jung and Ko [11] pegged
the economic loss due to obesity at US $ 1.8 billion in 2005.

international studies with objective data on these factors’ damage to health

Despite the implementation of health promotion programs, Korea has

and contribution to socioeconomic loss [3-6]. Obesity is considered a

been unable to significantly decrease obesity prevalence; hence, requir-
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ing more active intervention as a social issue. Therefore, this study esti-

with the same disease code were given more than 3 times, it is defined as

mates the scale of socioeconomic loss due to obesity in order to provide

outbreaks of the disease.

data to support future legislation and policy for reducing its prevalence.
We calculated the costs by sex, using the following process: first, the risks

Estimation of socioeconomic cost

of disease and death due to obesity were calculated using large-scale,

Types of cost

long-term cohort data constructed using health insurance big data. Sec-

In this study, socioeconomic cost was analyzed from a social perspec-

ond, in five alternating years, from 2005 to 2013, socioeconomic loss due

tive. In order to ascertain long-term trends in cost, we selected five alter-

to obesity was calculated after classification into direct costs (medical,

nating years between 2007 and 2015 for analysis. The types of cost in-

transport, and nursing costs) and indirect costs (cost due to premature

cluded in socioeconomic cost were categorized broadly into direct and

death and loss of productivity).

indirect costs. Direct costs included direct medical costs, that is, the fees
paid by patients for treatment while visiting medical institutions as inpa-

METHODS

tients or outpatients, or while using pharmacies. Direct non-medical
costs were additional fees, which included transport costs and caring

Calculation of risk and population attributable risk of disease

fees for inpatients. Indirect costs included future income loss from dis-

and death

ease-related premature death and productivity loss from the inability to

Among all examinees who had undergone general health screening

work due to hospital visits.

from 2003 to 2004, those who did not have weight or height measurements, duplicated examinees, and those with a history of obesity-related

Calculations

diseases for the past 1 year as of the date of screening were excluded and

Direct medical costs were calculated by age, sex, and disease as the to-

the cohort data of 10,091,251 people followed up by the end of 2015 was

tal uncovered, self-funded costs. These were represented by the sum of

built up.

treatment fees in the inpatient (IP), outpatient (OP), and pharmacy (P)

After adjusting for age- and health-related behaviors (alcohol con-

sectors of health insurance and medicaid, multiplied by the proportion

sumption, smoking, or exercise), Cox’s proportional hazards model was

of uncovered, self-payment in each sector (α, β, γ). In addition, traffic

used to analyze the relative risk of related diseases and causes of death

costs were calculated by multiplying the number of days with an outpa-

according to level of obesity (normal weight, overweight, obese, and se-

tient visit (OV) by the average transport cost for one return journey (T)

verely obese). Information on the level of obesity was obtained from

with a companion, and caring fees were calculated by multiplying the

measured data acquired at the time of the national health screening. The

number of days as an inpatient (IV) by the average daily labor costs for

level of obesity was categorized according to BMI (body weight in kilo-

caring (C).

grams divided by the square of height in meters) into groups of normal
weight (18.5≤BMI< 23), overweight (23≤BMI< 25), obese (25≤BMI<30),
and severely obese (30 ≤ BMI) based on criteria of Korean Society for the
Study of Obesity.
In order to calculate population attributable risk (PAR) in this study,
we used original data from the Korea National Health and Nutrition
Examination Survey and disease incidence and death of obesity related
diseases from the health insurance big data for the period under study,
and analyzed the annual prevalence of obesity for males and females.
On the basis of the main diseases, in the case of hospitalization, where
hospitalization occurred more than once with the corresponding disease
code, and in the case of outpatient cases, where outpatient treatment
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i= 1, 2, …, n disease, j =1, 2 sex, k = 0, 1, …, n age, t =2006, 2007, …,
2015
=Population Attributable Risk(disease incidence) of obesity for
i disease, j sex, and k age
=Total medical expenses in inpatient sector of health insurance
and medical aid by i disease, j sex, and k age of t year
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=Annual average wage of time (k+n) of person who has i dis-

=Total medical expenses in outpatient sector of health insurance
and medical aid by i disease, j sex, and k age of t year
=Total medical expenses in pharmacy sector of health insurance
and medical aid by i disease, j sex, and k age of t year

ease, j sex, and k age of t year
ε =Nominal wage increasing rate
γ=Nominal interest rate

α =Proportion of co-payment for coverage exclusion of total medical
expenses in inpatient sector
β =Proportion of co-payment for coverage exclusion of total medical
expenses in outpatient sector
γ =Proportion of co-payment for coverage exclusion of total medical
expenses in pharmacy sector
=Number of hospitalized days by i disease, j sex, and k age of t
year
=Number of visit days by i disease, j sex, and k age of t year

Productivity loss (PL) from loss of work due to hospital visits was calculated as the product of sex- and age-specific average daily nominal
wage (DW) and employment (E) with sex-, age-, and disease-specific
number of days as an inpatient (IV) and one-third the number of days
visiting as an outpatient (OV). In order to adjust for the difference in PL
for inpatient and outpatient visits, the number of non-productive days
was calculated by adding the number of days as an inpatient to onethird of the number of days as an outpatient.

=Average transport cost per inpatient and outpatient visit of t year
= Caregiver utilization rate of t year
=Daily average caring fees of t year
i =1, 2, …, n disease, j =1, 2 sex, k = 0, 1, …, n age, t =2006, 2007, …,
Future income loss due to premature death (FIL) was calculated by
applying the human capital approach that is most commonly used in research on the socioeconomic cost of disease. FIL was calculated by multiplying the sex-, age-, and disease-specific number of deaths (D) by the
human loss per person, which, in turn, was calculated using the sex- and
age-specific survival (S), employment rate (E), average yearly nominal

2015
=Number of hospitalized days by i disease, j sex, and k age of t
year
=Number of visit days by i disease, j sex, and k age of t year
=Population Attributable Risk (disease incidence) of obesity
for i disease, j sex, and k age

wage (YW), the rate of increase in nominal wage (ε), and the nominal

=Employment rate of j sex and k age of t year

interest rate (r) for every year from the year after death up to the average

=Daily average wage of j sex and k age of t year

lifespan.

RESULTS
Disease risk
A group of 36 obesity-related diseases were constructed by reviewing
previous studies. Of these, analysis of general health screening data from
i =1, 2, …, n disease, j =1, 2 sex, k = 0, 1, …, n age, t =2006, 2007, …,
2015
=Number of death by i disease, j sex, and k age of t year
=Population Attributable Risk(death) of obesity for i disease, j
sex, and k age
= Survival probability of time (k+n) of person who has i disease, j
sex, and k age of t year
=Employment rate of time (k+n) of person who has i disease, j
sex, and k age of t year

the national health insurance demonstrated that 29 diseases in male
subjects and 33 diseases in female subjects were associated with obesity.
Although there may be small differences in each disease group, the risk
of disease generally increased with increasing obesity, and was slightly
higher in female subjects than male subjects (Table 1).
In obese males, the highest relative risk was measured to be 2.52 times
the risk for normal weight males for diabetes, followed by hypertension,
metabolic disorders, congestive heart failure, ischemic heart disease, and
renal cancer. In severely obese males, the highest relative risk was mea-
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Table 1. Relative risk* on obesity-related diseases of obesity status by gender
Diseases
Esophageal cancer
Gastric adenocarcinoma
Colorectal cancer
Liver cancer
Gallbladder cancer
Pancreatic cancer
Skin cancer
Breast cancer
Uterine cervix cancer
Endometrial cancer
Ovarian cancer
Prostate cancer
Renal cell carcinoma
Ureteral cancer
Bladder cancer
Brain cancer
Thyroid cancer
Hodgkin lymphoma
Non-Hodgkin lymphomas
Multiple myeloma
Leukemia
Diabetes mellitus
Metabolic disorder
Cataract
Hypertension
Ischemic heart diseases
Pulmonary thromboembolism
Congestive heart failure
Cerebral hemorrhage
Ischemic stroke
Other cerebrovascular diseases
Asthma
Gallbladder disease
Arthrosis
Dorsopathy
Toxemia

Men

Women

Overweight

Obesity

Severe obesity

Overweight

Obesity

Severe obesity

1.14
1.04
1.16
1.21
1.40
1.17
1.26
1.20
1.20
1.64
1.45
1.20
1.47
1.36
1.21
1.30
1.04
1.30
1.24
1.18
1.14
1.06
-

1.04
1.21
1.10
1.28
1.15
1.14
1.21
1.64
1.20
1.24
1.48
1.47
1.20
1.37
1.12
2.52
1.73
1.28
1.99
1.66
1.33
1.67
1.25
1.51
1.43
1.03
1.34
1.26
1.08
-

1.10
1.36
1.64
1.28
1.19
1.99
1.70
2.46
4.83
2.03
1.29
2.95
1.99
1.78
3.07
1.75
1.74
1.67
1.52
1.41
1.04
-

1.17
1.09
1.18
1.12
1.22
1.12
1.26
1.08
1.13
1.24
1.41
1.25
1.25
1.27
1.30
1.87
1.48
1.26
1.48
1.42
1.17
1.31
1.13
1.30
1.26
1.18
1.19
1.32
1.16
1.55

1.16
1.25
1.19
1.34
1.29
1.34
1.20
1.23
1.44
1.22
1.74
1.27
1.39
1.33
1.28
1.23
1.29
2.64
1.76
1.40
1.96
1.70
1.72
1.79
1.25
1.51
1.45
1.35
1.38
1.63
1.28
2.33

1.14
1.16
1.23
1.60
1.45
1.28
2.49
1.79
1.18
1.35
4.01
1.93
1.37
2.69
2.03
2.85
2.76
1.41
1.69
1.54
1.49
1.50
1.85
1.26
3.43

*All of relative risk was statically significant (p <0.05).

sured to be 4.83 times the risk for normal weight males for diabetes, fol-

males for diabetes, followed in order by toxemia, hypertension, conges-

lowed by congestive heart failure, hypertension, Hodgkin’s lymphoma,

tive heart failure, metabolic disorders, renal cancer, pulmonary embo-

metabolic disorders, ischemic heart disease, and renal cancer. In over-

lism, ischemic heart disease, arthropathy, and ischemic stroke.

weight females, the highest relative risk was measured to be 1.87 times

Similarly, in severely obese females, the highest relative risk was mea-

the risk for normal weight females for diabetes, followed by toxemia,

sured to be 4.01 times the risk for normal weight females for diabetes,

metabolic disorders, hypertension, ischemic heart disease, renal cancer,

followed by toxemia, pulmonary embolism, congestive heart failure, hy-

arthropathy, and congestive heart failure. In obese females, the highest

pertension, endometrial cancer, ischemic heart disease, metabolic disor-

relative risk was measured to be 2.64 times the risk for normal weight fe-

ders, arthropathy, renal cancer, ischemic stroke, gallbladder cancer, and
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Table 2. Relative risk* on obesity-related deaths of obesity status by gender
Diseases
Colorectal cancer
Liver cancer
Gallbladder cancer
Pancreatic cancer
Skin cancer
Breast cancer
Uterine cervical cancer
Endometrial cancer
Ovarian cancer
Prostate cancer
Renal cancer
Ureteral cancer
Bladder cancer
Brain cancer
Thyroid cancer
Hodgkin lymphomas
Non-Hodgkin lymphomas
Multiple myeloma
Leukemia
Diabetes
Metabolic disorder
Hypertension
Ischemic heart diseases
Pulmonary thromboembolism
Cerebral hemorrhage
Ischemic stroke
Other cerebrovascular diseases
Gallbladder disease
Arthrosis
Dorsopathy

Men

Women

Overweight

Obesity

Severe obesity

Overweight

Obesity

Severe obesity

1.10
1.16
1.09
1.15
1.29
1.43
1.27
1.14
1.16
1.20
1.09
1.13
-

1.23
1.08
1.19
1.16
1.24
1.50
1.18
1.32
1.10
1.24
1.20
5.41
1.52
1.38
1.15
1.39
-

1.31
1.61
2.27
1.34
4.14
1.71
2.10
3.16
2.24
1.36
1.89
27.08
1.82
1.62
2.36
1.89
1.86
1.19
2.24

1.15
1.12
1.37
1.15
1.21
1.25
1.40
1.84
1.16
1.28
1.27
1.34
1.21
1.14
-

1.17
1.27
1.55
1.32
1.96
1.42
1.49
1.24
1.52
1.84
1.29
2.10
1.20
1.35
1.35
1.19
1.80
1.11
1.36
1.44
1.28
1.18
1.49
2.43
-

1.32
1.75
1.71
1.44
3.14
2.26
1.64
2.56
1.36
1.98
2.01
1.69
2.79
1.73
1.48
1.57
2.73
1.72
1.81
2.75
1.28
1.64
1.28
2.25
2.61
2.26

*All of relative risk was statically significant (p <0.05).

other cerebrovascular diseases (Table 2).

tate cancer, and colorectal cancer. For severely obese males, the highest
relative risk of death was 27.08 times the risk for normal weight males for

Risk of death

metabolic disorders, followed by skin cancer, thyroid cancer, pulmonary

Of the 36 disease groups that were analyzed for disease risk, the risk

embolism, gallbladder cancer, non-Hodgkin’s lymphoma, dorsopathy,

of death due to obesity was analyzed in 30 diseases, excluding the six

and renal cancer. For overweight females, the highest relative risk of

diseases with no cases of death. Unlike disease risk, there were sex differ-

death was 1.84 times the risk for normal weight females for thyroid can-

ences in diseases with a high risk of death. In overweight males, the

cer, followed by renal cancer, gallbladder cancer, diabetes, multiple my-

highest relative risk of death was 1.43 times the risk for normal weight

eloma, leukemia. For obese females, the highest relative risk of death was

males for thyroid cancer, followed by renal cancer, multiple myeloma,

2.43 times the risk for normal weight females for arthropathy, followed

and ischemic heart disease. For obese males, the highest relative risk of

by thyroid cancer, Hodgkin’s lymphoma, skin cancer, ureteral cancer,

death was 5.41 times the risk for normal weight males for metabolic dis-

diabetes, gallbladder cancer, renal cancer. Finally, for severely obese fe-

orders, followed by hypertension, renal cancer, other cerebrovascular

males, the highest relative risk of death was 3.14 times the risk for nor-

disease, ischemic heart disease, thyroid cancer, multiple myeloma, pros-

mal weight females for skin cancer, followed by thyroid cancer, pulmo-
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Table 3. Estimation of socioeconomic costs by gender
2007
Men
Direct medical costs
Direct non-medical costs
Transportation
Caring
Subtotal of direct costs
Premature death
Productivity loss
Subtotal of indirect costs
Total
Women
Direct medical costs
Direct non-medical costs
Transportation
Caring
Subtotal of direct costs
Premature death
Productivity loss
Subtotal of indirect costs
Total
All
Direct medical costs
Direct non-medical costs
Transportation
Caring
Subtotal of direct costs
Premature death
Productivity loss
Subtotal of indirect costs
Total

2009

2011

2013

2015

Costs

%

Costs

%

Costs

%

Costs

%

Costs

%

972,323,073

33.6

1,309,208,093

39.1

1,519,498,680

42.4

1,773,186,803

42.2

2,210,133,446

45.3

47,531,458
1.6
84,279,863
2.9
1,104,136,395 38.1
1,250,374,277 43.2
540,152,529 18.7
1,790,526,805 61.9
2,894,663,201 100.0

58,006,273
1.7
105,022,949
3.1
1,472,237,315 44.0
1,216,413,964 36.3
660,737,532 19.7
1,877,151,497 56.0
3,349,388,812 100.0

53,348,678
1.5
108,534,891
3.0
1,681,382,249 46.9
1,164,066,655 32.5
737,252,651 20.6
1,901,319,306 53.1
3,582,701,555 100.0

82,060,755
2.0
144,157,161
3.4
1,999,404,719 47.6
1,317,444,851 31.4
881,481,809 21.0
2,198,926,660 52.4
4,198,331,378 100.0

99,914,849
2.0
170,672,026
3.5
2,480,720,321 50.8
1,412,466,451 28.9
988,797,310 20.3
2,401,263,761 49.2
4,881,984,082 100.0

1,681,444,854

2,033,715,969

2,424,614,831

2,765,992,006

3,171,094,875

69.7

72.5

74.3

73.1

74.3

90,940,368
3.8
149,410,558
6.2
1,921,795,780 79.7
236,666,253
9.8
253,666,253 10.5
489,755,233 20.3
2,411,551,013 100.0

103,183,555
3.7
183,660,295
6.5
2,320,559,818 82.7
217,714,811
7.8
268,283,069
9.6
485,997,880 17.3
2,806,557,698 100.0

102,237,913
3.1
205,043,414
6.3
2,731,896,158 83.7
214,100,441
6.6
317,432,499
9.7
531,532,940 16.3
3,263,429,098 100.0

155,086,098
4.1
273,928,408
7.2
3,195,006,513 84.4
224,624,863
5.9
366,438,189
9.7
591,063,052 15.6
3,786,069,564 100.0

180,515,677
4.2
315,757,060
7.4
3,667,367,612 85.9
224,659,657
5.3
376,565,014
8.8
601,224,670 14.1
4,268,592,283 100.0

2,653,769,928

3,342,924,062

3,944,113,510

4,539,178,809

5,381,228,321

50.0

138,471,826
2.6
233,690,421
4.4
3,025,932,175 57.0
1,486,463,257 28.0
793,818,782 15.0
2,280,282,039 43.0
5,306,214,214 100.0

54.3

161,189,828
2.6
288,683,244
4.7
3,792,797,134 61.6
1,434,128,776 23.3
929,020,601 15.1
2,363,149,377 38.4
6,155,946,510 100.0

57.6

155,586,591
2.3
313,578,305
4.6
4,413,278,407 64.5
1,378,167,096 20.1
1,054,685,150 15.4
2,432,852,246 35.5
6,846,130,653 100.0

56.9

237,146,853
3.0
418,085,569
5.2
5,194,411,231 65.1
1,542,069,713 19.3
1,247,919,998 15.6
2,789,989,711 34.9
7,984,400,943 100.0

58.8

280,430,526
3.1
486,429,086
5.3
6,148,087,933 67.2
1,637,126,108 17.9
1,365,362,324 14.9
3,002,488,432 32.8
9,150,576,365 100.0

Unit: 1,000 won.

nary embolism, diabetes, arthrosis, dorsopathy, endometrial cancer, and

(32.8%). Specifically, direct medical costs were ₩ 5.381 trillion (58.8%),

breast cancer (Table 3).

productivity loss due to use of medical services was ₩ 1.365 trillion
(14.9%), future income loss due to premature death was ₩ 1.637 trillion

Socioeconomic cost by gender
The socioeconomic cost of obesity in 2015 was ₩ 9.150 trillion (where

(17.9%), caring fees were ₩ 486 billion (5.3%), and transport costs were
₩ 280 billion (3.1%).

₩ is the Korean won), which represents around 2 times increase com-

With regard to increase in obesity-related costs caring fees increased

pared to ₩ 5.306 trillion in 2007. By sex, the cost of male obesity in 2015

by 2.08 times—the largest increase—followed by direct medical costs by

was ₩ 4.881 trillion (53.4%) and the cost of female obesity was ₩ 4.268

2.03 times, transport costs by 2.03 times, and future income loss due to

trillion (46.6%). As per annual trends, the cost for males in 2015 (₩ 4.881

premature death by 1.72 times the cost in 2015, comparing to 2007.

trillion) increased 1.7 times compared to ₩ 2.894 trillion in 2007. For
females, the cost in 2015 (4.268 trillion KRW) increased by 1.8 times
compared to ₩ 2.411 trillion in 2007. By cost type, in 2015, direct costs
were ₩ 6.148 trillion (67.2%) and indirect costs were ₩ 3.002 trillion
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obesity to the public, and identified differences in the cost between

clude direct medical costs, which are treatment fees paid while using in-

males and females.

patient and outpatient services at a medical institution, or while using

In previous studies on the association between colorectal cancer and
obesity, obesity reportedly showed a significant association with the risk
of developing and dying from colorectal cancer, with an increased risk
for males [7,12-14].
A meta-analysis by Guh et al. [9] showed that the risk of colorectal
cancer was 1.5 times higher in overweight males and females combined,

pharmacies. Direct non-medical costs are additional expenses incurred
when using medical institutions for treatment, such as nursing fees.
Indirect costs include future income loss due to disease-related premature death, productivity loss due to loss of work when visiting medical institutions for treatment, and, in the case of subjects who drink, reduced productivity at work due to excessive alcohol consumption.

2 times higher in obese males, and 1.7 times higher in obese females. In

On analyzing direct costs—including medical costs, transport costs,

a study by Moghaddam et al. [12], the risk of colorectal cancer in indi-

and nursing fees—and indirect costs—including the cost of premature

viduals with a BMI of 30 or higher was 1.2 times higher compared to in-

death and productivity—Jung and Ko [11] found that the cost of obesity

dividuals with a BMI of less than 25, and by sex, the risk was 1.4 times

was ₩ 2.555 trillion in 2005. This figure is lower than the total cost for

higher in males and 1.1 times higher in females. Dai et al. [13] reported

2013 in our study, which was ₩ 3.431 trillion, because, unlike Jung and

that the risk of colorectal cancer in individuals with a BMI of at least 25

Ko [11], we included pharmacy treatment fees from health insurance

was 1.4 times higher for males and 1.1 times higher for females com-

data, treatment fees paid by motor insurance, and loss of assets and ad-

pared to individuals with a BMI of 18.5-24.9.

ministrative costs due to health risk factors. In addition, this likely re-

Jee et al. [14] analyzed obesity and the risk of cancer in a 14-year prospective cohort study in 1,213,829 Korean subjects aged 30-95 years who

flects differences in the population attributable risk applied when estimating cost and the range of health risk factor-related diseases.

had undergone a health screening in 1992-1995. When they analyzed age-

In previous domestic studies, the socioeconomic cost of obesity has

adjusted odds ratios, the risk of colorectal cancer in obese (BMI ≥30)

been estimated at ₩ 1.8715 trillion in 2003 [15] and ₩ 2.555 trillion in

males was 1.4 times higher compared to individuals with a BMI of 23-

2005 [11], but this differs slightly from the estimate of ₩ 3.431 trillion

24.9, but there was no difference for females. Meanwhile, the risk of rec-

for 2005 in our study. Notably, these previous studies used BMI ≥ 25 as

tal cancer was 1.2 times higher in obese males and 1.1 times higher in

the criterion for obesity, while our study used a criterion of BMI ≥ 23 to

obese females.

include overweight, and this can be assumed to be the reason for the

The diseases that showed a high risk in both males and females were,

higher cost estimate.

in order, diabetes, congestive heart failure, and hypertension. In a study

A Swiss report published in 2009 [16] estimated the socioeconomic

by Guh et al. [9], the risk of congestive heart failure was lower than in the

cost of obesity in Switzerland for 2006, defining obesity as BMI ≥ 25.

present study, and this risk was higher in males than females. The au-

Direct costs included medication, nutritional consultation, and surgical

thors reported that the risk of diabetes was 3.9 times higher in males

treatment for obesity, while indirect costs included comorbidities. The

with a BMI of 30 or more, but was 12.4 times higher in females. These

cost of obesity in Switzerland was reported to be CHF 3.9 billion (where

results are similar to our study for males, but differ for females. Several

CHF is the Swiss franc; Confoederation Helvetica) (67.0%) in direct

meta-analyses on cancer risks have confirmed that BMI correlates with

costs, and CHF 1.9 billion (33.0%) in indirect costs. Thus, direct costs

an increased risk of colorectal cancer, colon cancer, rectal cancer, breast

were approximately 2 times higher than indirect costs.

cancer, uterine cancer, cervical cancer, ovarian cancer, pancreatic cancer,

When Pitayatienanan et al. (2014) estimated the socioeconomic cost

liver cancer, gallbladder cancer, renal cancer, bladder cancer, lung cancer,

of obesity in Thailand, they calculated direct costs using only treatment

esophageal cancer, gastric cancer, skin cancer, and multiple myeloma.

fees, and indirect costs using productivity loss and cost of premature

The present study also showed similar results. No cancers showed any

death. Treatment fees for direct costs included inpatient treatment fees

clear difference in risk between males and females.

and outpatient treatment fees, and, indirect costs included productivity

The items included in this study’s estimation of cost were broadly cat-

loss due to premature death and productivity loss from loss of work due

egorized into direct costs, indirect costs, and other costs. Direct costs in-

to hospital visits. The socioeconomic cost of obesity in Thailand in 2009
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was ฿ 12.1 billion (where ฿ is the Thai baht). The cost of premature

mortality risk and obesity rate. In the case of obesity rate, there were dif-

Thailand [6].

women. On the other hand, in the case of disease outbreaks and mortal-

death was the highest, at ฿ 5.9 billion (48.3%), followed by treatment fees

ferences between genders according to age groups, but there was no sig-

at ฿ 5.6 billion (46.0%), and productivity loss at ฿ 700 million (5.7%) in

nificant difference due to the offset effect when divided into men and

In 2008, the socioeconomic cost of obesity in Germany was found to

ity risks, due to the limitation of population size, it was difficult to ana-

be € 16.8 billion. Of the € 9.9 billion in 2002, direct costs were € 4.9 bil-

lyze by age group, so it was analyzed by gender only. As a result, the rela-

lion (49.2%) and indirect costs were € 5 billion (51.5%). In 2008,direct

tionship between disease and cause of death and obesity was higher in

costs were € 8.6 billion (50.8%) and indirect costs were € 8.2 billion

women than in men. Therefore, the gender differences in obesity costs

(48.5%), making direct costs relatively higher. Over time, the direct costs

in this study are believed to be due to differences in disease incidence

have become marginally higher than the indirect costs; however, there is

and mortality risk.

no considerable difference.

This study is strengthened by the fact that we constructed and ana-

Our study showed a cost share of 67.2% for direct costs and 32.8% for

lyzed a cohort by linking national health screening data with health in-

indirect costs in 2015, compared to 57.0% for direct costs and 43.0% for

surance. Nevertheless, there are still several limitations in the study data

indirect costs in 2007. Hence, in eight years, direct costs have increased

and methods of analysis.

considerably relative to indirect costs. Furthermore, we examined the

First, there are additional costs that could be incurred by health risk

difference between direct and indirect costs by sex. In 2015, the socio-

factors, such as the cost of purchasing health foods and medical devices;

economic cost of male obesity was 50.8% for direct costs and 49.2% for

assisting devices for prevention, treatment, and management of disease;

indirect costs; for female obesity, it was 85.9% for direct costs and 14.1%

the time cost of using medical institutions and pharmacies; and the cost

for indirect costs. Thus, the proportion of direct costs was almost twice

of reduced quality of life for the patient and their family. However, be-

as high for females compared to males, and the proportion of indirect

cause it was difficult to acquire the basic data needed to calculate these

costs was more than twice as high for males compared to females. With

costs objectively, they were excluded from the scope of the study in order

employment rates, the rate of participation in economic activity over the

to ensure validity. This limitation may result in a marginal underestima-

last 10 years was reported to be 74% for males and 50% for females [18].

tion of the total cost.

This is thought to have had a major impact on the sex differences in indirect costs, which include loss of productivity.

Second, when using health insurance data for medical, transport, and
nursing fees and other productivity loss from use of medical services,

In the study of Jeong et al. [18], the socio-economic cost of obesity was

data is extracted and classified according to the main complaint record-

found to be higher for men than women for both direct and indirect

ed on the health insurance claims data. Thus, it is possible that accom-

costs when BMI 23 was set as the basis for obesity. The combined socio-

panying diseases, other than the main complaint, could have affected

economic cost of the total obesity was higher in men than in women in

the results.

the overall BMI. As a result of this study, the direct cost of obesity was

Third, productivity loss due to use of medical services was calculated

higher in women in 2015, as 2.48 trillion won for men and 3.66 trillion

as the loss of wages due to disease-related absence from work. Therefore,

won for women and the indirect cost was higher in men as 601.2 billion

this study included any reduction or loss of income due to the patient

won for women and 2.42 trillion won for men. At the total cost, men

visiting a medical institution—as an inpatient or outpatient—for treat-

were 4.88 trillion won, more than women of 4.26 trillion won. This re-

ment of a disease resulting from health risk factors. However, depending

sult is consistent with that of Jeong’s previous study. In other words, it

on the severity of the disease, there could be cases of individuals taking

can be predicted that men spend more costs than women on production

sick leave to rest at home, but there are no data that allow this population

loss and income loss costs, which is related to the higher participation of

to be classified. Therefore, the loss of productivity for this population

men in the current social productivity.

was not included in our study, thus underestimating this loss due to

For another reason, PAR, one of the basic indicators in estimating the
socio-economic cost of obesity, is determined by disease outbreak or
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medical use.
Fourth, this study failed to estimate the various cost items that caused

Journal of
Health Informatics
and Statistics

Obesity-related Socioeconomic Costs

obesity by including only the cost that can be estimated quantitatively

index and cancer mortality in the Asia-Pacific Cohort Studies Collab-

through consideration of the methodology of the previous study.

oration: pooled analyses of 424519 participants. Lancet Oncol 2010;

In this study, we confirmed that obesity causes significant economic

11(8):741-752. DOI: 10.1016/S1470-2045(10)70141-8

loss not only for the health insurance sector, but also for the entire soci-

8. Zhou BF. Effect of body mass index on all-cause mortality and incidence

ety. Hence, it is important to determine the extent of change in health

of cardiovascular diseases--report for meta-analysis of prospective stud-

risk factors for individuals using health screening data, which can show

ies open optimal cut-off points of body mass index in Chinese adults.

the health behaviors of insurance subscribers. Furthermore, we must re-

Biomed Environ Sci 2002;15(3):245-252.

view plans to improve focused follow-up management.
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국문초록
비만관련 사회경제적 비용의 성별 차이
김수정1 ∙ 조경원2 ∙ 오창석3 ∙ 이선미4
동서대학교 보건의료계열 보건행정학과 교수, 2고신대학교 의료경영학과 교수, 3영산대학교 의료경영학과 교수, 4국민건강보험공단 건강보험연구원 연구위원

1

목적: 국민건강보험 빅데이터를 사용하여 비만의 질병발생 및 사망 위험을 평가하고, 비만의 사회경제적 비용을 산출하는 것을 목적으
로 하였다.

방법: 2003-2004년에 일반건강검진을 받은 모든 수검자 중 체중 또는 키 측정값이 없는 사람, 중복수검자, 그리고 수검일 기준 과거 1년
간 비만관련 질병 과거력이 있는 자를 제외하였고, 10,091,251명을 2015년 연도말까지 추적관찰한 코호트자료를 구축하였다. 이 코호트
에 건강보험 자격자료, 건강검진자료, 의료이용자료, 통계청 사망원인자료를 연계하여 분석하였다. 연령과 건강 행태를 보정한 후 성별과
비만 정도에 따라 질병발생 및 사망에 대한 상대위험도를 산출하였다. 인구기여위험도는 국민건강영양조사 원시자료의 비만율과 건강
검진 코호트 분석을 통한 질병 발생 및 사망위험도를 이용하여 산출하였다. 비만의 사회경제적인 비용은 의료비, 간병비, 교통비를 포함
하는 직접비와 조기사망에 따른 미래소득 손실액, 의료이용에 따른 생산성 손실액을 포함하는 간접비로 분류하여 산출하였다.

결과: 남성과 여성 모두 체질량지수가 증가함에 따라 당뇨병의 위험이 증가했다. 고도비만 남성의 당뇨병 위험은 정상 체중 남성의 4.83
배 높았다. 비만 여성의 당뇨병 위험은 정상 체중 여성보다 4.01배 높았다. 비만의 사회 경제적 비용의 경우, 2015년의 남성과 여성의 비만
관련 직접비는 각각 50.8%와 85.9%로 직접비와 간접비에 성별 차이가 있었다.

결론: 비만은 질병발생과 사망의 중대한 위험 요인일 뿐 아니라 건강보험에서 경제적 손실 원인이기도 하다. 따라서, 향후 비만으로 판
정된 수검자를 관리하기 위한 중재프로그램을 개발하는 것이 필요할 것으로 사료된다.

주제어: 비만, 성, 사회경제적 비용, 질병, 사망
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