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비만 유형이 당뇨병과 고혈압에 미치는 영향

김주희, 오현숙

가천대학교 사회과학대학 응용통계학과 

Effects of Obesity Type on Diabetes and Hypertension in 
Obese Korean Adults
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Background: Obesity is a major cause of diabetes and hypertension. Previous studies have analyzed the ef-
fects of obesity on diabetes and hypertension by comparing non-obese and obese groups. Here, we inves-
tigated the effects of obesity type through comparison between obesity types in obese adults. 
Methods: The sample comprised 8,914 adults, classified as obese according to body mass index criteria or 
waist circumference criteria, selected from the Korean National Health and Nutrition Examination Survey 
(2016-2020). Obesity was classified as abdominal obesity-only, general obesity-only, and abdominal and gen-
eral obesity. The effects of obesity type on diabetes and hypertension were analyzed using logistic regression 
model. 
Results: 12.78% of participants exhibited abdominal obesity-only, 22.35% had general obesity-only, and 64.78%
had both types. The proportion of patients aged ≥60 years was 57.52% in the abdominal obesity-only group, 
while 17.12% in the general obesity-only group. The general obesity-only group had a lower incidence of dia-
betes than the abdominal obesity-only group (odds ratio [OR], 0.60; 95% confidence interval [CI], 0.47-0.77), 
and the abdominal and general obesity group had a higher incidence of hypertension than the abdominal obe-
sity-only group (OR, 1.82; 95% CI, 1.54-2.15). 
Conclusions: Abdominal obesity has a stronger association with diabetes than general obesity, and the risk of 
hypertension is greatest when both obesity types coexist. Individuals with abdominal obesity-only are likely to 
be excluded from obesity management, especially when aged ≥60 years. The risk of hypertension is much 
greater when abdominal and general obesity coexist, emphasizing the need to use both body mass index and 
waist circumference to define obesity. 
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INTRODUCTION

The prevalence of obesity has increased substantially 
worldwide and is labeled as a global epidemic, moreover, 
the prevalence of obesity or severe obesity has increased 
globally during the coronavirus disease-19 pandemic.1,2) 
Nearly one-third of the world’s population is classified as 
overweight or obese.2) Diabetes and hypertension are repre-
sentative chronic diseases that are highly related to obesity, 
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have a significant negative impact on cardiovascular health 
and affect the occurrence of kidney disease and cancer.3,4) 

Patel et al.5) showed that body mass index (BMI) and 
waist circumference (WC) are both reasonable predictors of 
prevalent diabetes and hypertension which are major risk 
factors for kidney disease, stroke, cancer, and cardio vas-
cular disease (CVD), and that both obesity measures can 
identify those with increased cardiovascular risk. BMI is a 
measure of overall fat accumulation in the body (general 
obesity) and WC is a measure of fat accumulation in the ab-
domen (abdominal obesity). The most widely used defi-
nition of obesity is general obesity, which is based on the 
BMI, which is also used to evaluate nutritional status.6)

However, as BMI does not differentiate between fat mass 
and muscle mass, a high BMI does not necessarily indicate 
a large amount of fat mass, and a low BMI does not neces-
sarily indicate a low amount of fat mass.7) When muscle loss 
occurs due to aging or disease, BMI is likely to be low. In 
particular, Asians tend to have higher levels of visceral fat 
compared to other ethnicities, even at the same BMI. A sub-
stantial number of individuals with type 2 diabetes, partic-
ularly those of Asian or African descent, are not obese ac-
cording to the BMI criterion.8) Since abdominal obesity is 
highly correlated with visceral fat, WC has a greater impact 
on metabolic diseases including diabetes and hypertension 
than BMI.9,10) Therefore, solely relying on BMI to assess 
obesity may hinder future interventions aimed at obesity-re-
lated diseases as well as obesity prevention and control.2) 

General obesity with BMI ≥30 kg⁄m2 and abdominal obe-
sity accounted for approximately 35.48% and 53.13%, of 
cases of obesity, respectively, with an increasing trend in 
adults in the United States (US) from 2001 to 2018.11) In 
Korean adults, the prevalence of general (based on Korean 
general obesity standard, BMI ≥25 kg⁄m2) and abdominal 
obesity was 35.7% and 23.8% in 2018, respectively, with in-
creasing trends for both from 2009 to 2018.12) 

A number of studies have analyzed the effects of obese 
groups on diabetes and hypertension using either the general 
obesity measurement method or the central obesity meas-
urement method by comparing non-obese and obese groups. 
Recently, Yamada et al.13) showed that a higher BMI 
(compared to normal BMI) was an independent risk factor 
for diabetes, hypertension, and dyslipidemia in retrospective 
cohort study of 10,852 Japanese individuals aged 65 years, 
with the effects on diabetes and hypertension being larger 

than that on dyslipidemia. Ren et al.14) showed in a cross-
sectional study that compared with individuals with a nor-
mal BMI but no central obesity, central obesity was asso-
ciated with an increased risk of hypertension in Chinese 
adults with normal BMI.

Moreover, there are controversial results for the risk of 
obesity related diseases between general and abdominal 
obesity. It has been shown that abdominal obesity without 
general obesity is associated with an elevated risk of CVD 
while general obesity without abdominal obesity is not.15) 
Hypertension has the strongest association with general 
obesity in women, while prediabetes has the strongest asso-
ciation with abdominal obesity in men.16) 

In this study, obese adults with at least one of abdominal 
obesity or general obesity were classified into abdominal 
obesity-only group, general obesity-only group, and ab-
dominal and general obesity group, and the effect of obesity 
type on diabetes or hypertension was investigated more ef-
fectively by comparing these obesity types. By identifying 
the types of obesity that are particularly susceptible to type 
2 diabetes and hypertension, respectively, we hope that our 
findings will help inform effective obesity management. 

METHODS

1. Data collection and study subjects

The Korean National Health and Nutrition Examination 
Survey (KNHANES) is a nationwide population-based sur-
vey conducted to assess the health and nutritional status of 
the Korean population. This study used data from the 
2016-2020 KNHANES, which included 31,181 adults aged 
20 years or older. After excluding 9,777 participants with 
missing data on the variables of interest from the initial data 
set, a sample of individuals belonging to the obese group 
was generated from the remaining 21,404 data points. 

Obesity was defined as general obesity when BMI ≥25 kg⁄m2, 
and as abdominal obesity when WC was ≥90 cm in males 
and ≥85 in females. These thresholds were determined based 
on the obesity classification standards set by the Korean 
Society for the Study of Obesity taking into account the 
modified criteria for East and South Asians from the inter-
national thresholds defined by the World Health Organization.17) 

Therefore, after excluding 12,490 participants (58.35%) 
with normal BMI and WC standards, a final study sample 
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including 8,914 participants with general or abdominal obe-
sity were selected from the total of 21,404 subjects. 

The KNHANES consists of a health survey, health ex-
amination survey, and nutrition survey. This study used the 
health survey and health examination survey data, and ex-
cluded the nutrition survey. Data were collected through 
self-reports or face-to-face interviews, and most health ex-
aminations were conducted at mobile examination centers 
by trained specialists, including physicians. The survey used 
a complex stratified sampling design based on geographical 
area, sex, and age of the survey subjects, with corresponding 
weights assigned to the survey data. Additionally, when in-
tegrating the data for each of the 5 years from 2016 to 2020, 
a weight of 1/5 was assigned to each year. The KNHANES 
data are publicly available, and detailed explanations can be 
found on the KNHANES website (http://knhanes.cdc.go.kr).

2. Variables 

Obesity type, which was the main explanatory variable, 
was classified as abdominal obesity without general obesity 
that is abdominal obesity-only waist circumference (OB_WC), 
general obesity without abdominal obesity that is general 
obesity-only body mass index (OB_BMI), and abdominal 
and general obesity (OB_both).

Diabetes was defined as fasting blood glucose ≥126 
mg/dL, or taking antidiabetic medications, or as diagnosed 
by a doctor. Hypertension was defined as systolic blood 
pressure ≥140 mmHg, or diastolic blood pressure ≥90 mmHg, 
or taking antihypertensive medications, or as diagnosed by 
a doctor. 

Sociodemographic variables including sex, age, household 
income, education level, economic activity, and marital sta-
tus were controlled for. Age was categorized into 20-39 
years, 40-59 years, and 60 years or older, and household in-
come was evaluated as the average monthly income (unit: 
10,000 won). The level of education was divided into 1 
(elementary)-8 (graduate school), and economic activity was 
classified as 'yes' if they were engaged in vocational activ-
ities and 'no' if they were not. Marital status was classified 
into three levels according to marital status and whether 
they lived with their spouse (living with a spouse, including 
common-law marriage; not living with a spouse due to di-
vorce, bereavement, or separation; and never married). 

Health behavior variables including stress, smoking, and 

drinking were also controlled for. Stress was classified on 
a 4-point scale from almost no stress to very severe stress. 
The average frequency of drinking per week was calculated 
based on the participants’ responses (0: no drinking experi-
ence or more than 1 year; 0.25: less than once a month or 
equal to once a month; 0.75: 2-4 times a month; 2.5: 1 week 
2-3 times; 5: 4 or more times a week).18) Smoking status was 
classified as never (no smoking experience), former (past 
smoking), sometimes (occasional smoking), or daily (daily 
smoking).

Disease-related variables, including cancer (stomach can-
cer, liver cancer, colon cancer, breast cancer, cervical cancer, lung 
cancer, thyroid cancer, etc.), stroke, heart disease (myocardial 
infarction or angina), renal disease, hypercholesterolemia, 
and hypertriglyceridemia, were controlled for. Cancer, stroke, 
and heart disease were defined as having been diagnosed by 
a physician. Hypercholesterolemia was defined as total cho-
lesterol ≥240 mg/dL or taking cholesterol-lowering drugs, 
and hypertriglyceridemia was defined as triglyceride ≥200 
mg/dL. Renal disease was defined as being diagnosed by a 
doctor or positive proteinuria or estimated glomerular filtra-
tion rate <60 mL/min/1.73 m2 (using chronic kidney disease 
epidemiology collaboration formula).19)

3. Statistical analysis

This study integrated 5 years of KNHANES data using 
integrated weights. Descriptive statistics, chi-square tests, 
and analyses of variance of complex survey data were per-
formed as part of the primary analysis of the sample data. 
All analyses were performed using the statistical package R 
version 4.0.5 (R Foundation for Statistical Computing, 
Vienna, Austria) and reflected the complex sampling design 
of the data (stratified two-level cluster design). The effects 
of obesity type on diabetes and hypertension were analyzed 
using a logistic regression model of complex survey data 
that controlled sociodemographic, health behaviors, and dis-
ease-related covariates.

RESULTS

1. Sample characteristics

The proportions of obesity types were 12.87% for 
OB_WC, 22.35% for OB_BMI, and 64.78% for OB_both 
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Table 1. Sample characteristics by obesity type

Characteristic
OB_WC OB_BMI OB_both

Pa

Unwtd Wtd  Unwtd Wtd  Unwtd Wtd

N (total=8,914) 1,331 12.87 1,789 22.35 5,794 64.78 　
Sex (female) 760 51.8 831 39.48 2,825 40.59 <0.001

Age, y <0.001

20-40 93 9.20 525 37.68 1,229 28.79

40-60 326 33.28 803 45.20 2,069 40.93

≥60 912 57.52 461 17.12 2,496 30.28 　
Marital status <0.001

Living with a spouse 980 74.18 1,258 66.4 4,094 69.25

Not living with a spouse 302 20.31 186 7.82 955 12.29

Never married 49 5.51 345 2.58 745 18.47

Education (1-8) 4.62 (1.65) 4.90 (1.66) 5.55 (1.49) 5.78 (1.38) 5.10 (1.62) 5.42 (1.55) <0.001

Occupation (yes) 687 46.52 587 30.54 2,340 34.9 <0.001

Household income 348.44 (315.01) 380.81 (311.16) 456.85 (307.27) 478.44 (302.55) 408.83 (320.57) 445.63 (321.74) <0.001

Smoking 0.023

Never 781 55.2 1,009 52.13 3,197 50.67

Former 365 27.51 457 26.34 1,507 26.92

Sometimes 23 1.83 57 3.86 150 3.19

Every day 162 15.45 266 17.66 940 19.22 　
Drinking frequency (0-5)  0.92 (1.45) 1.01 (1.49) 1.01 (1.35) 1.06 (1.34) 0.96 (1.37) 1.04 (1.39) 0.212

Stress (1-4) 2.03 (0.73) 2.06 (0.70) 2.15 (0.70) 2.17 (0.71) 2.16 (0.78) 2.21 (0.78) <0.001

Cancer (yes) 103 6.8 63 2.88 327 4.67 <0.001

Stroke (yes) 66 4.43 25 1.1 167 2.23 <0.001

Heart disease (yes) 79 5.13 45 2.02 240 2.94 <0.001

Renal disease (yes) 282 19.66 273 15.15 1,303 22.16 <0.001

Hypercholesterolemia (yes) 506 35.39 432 21.67 1,970 31.01 <0.001

Hypertriglyceridemia (yes) 241 19.11 336 20.79 1,354 25.63 <0.001

Diabetes (yes) 310 20.78 170 7.74 1,214 18.39 <0.001

Hypertension (yes) 665 45.21 586 27.72 2,980 46.31 <0.001

Values are presented as frequency or mean (standard deviation) for unwtd and as % or mean (standard deviation) for wtd.
Abbreviations: OB_BMI, obesity-only body mass index; OB_WC, obesity-only waist circumference; Unwtd, unweighted; Wtd, weighted.
aP-values were obtained by chi-square test for categorical variables and analysis of variance for continuous variables, reflecting complex survey 
data. 

(Table 1). The proportion of women was 51.80% in the 
OB_WC group, 39.48% in the OB_BMI group, and 40.59% 
in the OB_both. In the OB_WC group, 9.20% of the pa-
tients were 20-39 years old, 33.28% were 40-59 years old, 
and 57.52% were 60 years or older. In the OB_BMI group, 
37.68% were 20-39 years old, 45.20% were 40-59 years old, 
and 17.12% were 60 years or older. In the OB_both group, 
28.79% were aged 20-39 years, 40.93% were aged 40-59 
years, and 30.28% were aged 60 years or older. 

In the OB_WC group, 74.18% lived with their spouse, 
20.31% did not live with their spouse, and 5.51% had never 
been married. In the OB_BMI group, 66.40% lived with 

their spouse, 7.82% did not live with their spouse, and 
2.58% had never been married. In the OB_both group, 
69.25% lived with their spouse, 12.29% did not live with 
their spouse, and 18.47% had never been married. The aver-
age education was 4.90 (standard deviation [SD], 1.66) in the 
OB_WC group, 5.78 (SD, 1.38) in the OB_BMI group, and 
5.42 (SD, 1.55) in the OB_both group. Five points indicated 
high school education level, and six points indicated 
2-year/3-year university education level. Economic activity 
was 46.52% for the OB_WC group, 30.54% for the 
OB_BMI group, and 34.90% for the OB_both group. 
Household income was 380.81 (SD, 311.16) for the OB_WC 
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group, 478.44 (SD, 302.55) for the OB_BMI group, and 
445.63 (SD, 321.74) for the OB_both group. 

Current smoking rates in the OB_WC group (17.28%) 
were lower than those in the OB_BMI (21.52%) and 
OB_both (22.41%) groups. There was no significant differ-
ence in the frequency of drinking among the different obe-
sity types, which was approximately 1 week. The degree of 
perceived stress was 2.06 (SD, 0.70), 2.17 (SD, 0.71), and 
2.21 (SD, 0.78) in the OB_WC, OB_BMI, and OB_both 
groups, respectively. 

The incidences of cancer, stroke, and heart disease were 
6.80%, 4.43%, and 5.13%, respectively, in the OB_WC 
group; 2.88%, 1.10%, and 2.02%, respectively, in the OB_BMI 
group; and 4.67%, 2.23%, and 2.94%, respectively, in the 
OB_both group. The rates of renal disease, hypercholesterolemia, 
and hypertriglyceridemia were 19.66%, 35.39%, and 19.11% 
in the OB_WC group; 15.15%, 21.67%, and 20.79% in the 
OB_BMI group; and 22.16%, 31.01%, and 25.63% in the 
OB_both groups, respectively. 

The prevalence of diabetes was 20.78% in the OB_WC, 
7.74% in the OB_BMI, and 18.39% in the OB_both group, 
while that of hypertension was 45.21% in the OB_WC, 
27.72% in the OB_BMI, and 46.31% in the OB_both 
group. 

2. Logistic regression analysis for diabetes and 
hypertension

The incidence of diabetes and hypertension was higher in 
women (diabetes: odds ratio [OR], 0.64; 95% confidence in-
terval [CI], 0.52-0.81; hypertension: OR, 0.59; 95% CI, 
0.50-0.70) and among older individuals (diabetes: OR, 2.53; 
95% CI, 1.85-3.46 for 40-59 years old; OR, 2.97; 95% CI, 
2.14-4.13 for ≥60 years old; hypertension: OR, 2.53; 95% 
CI, 2.07-3.09 for 40-59 years old; OR, 5.82; 95% CI, 
4.64-7.30 for ≥60 years old). Further, the higher the level of 
education, the lower the incidence of diabetes (OR, 0.88; 
95% CI, 0.84-0.93) and hypertension (OR, 0.87; 95% CI, 
0.83-0.91). Household income, stress, and smoking status 
were not significantly associated with diabetes or hypertension. 

Individuals who were single had a lower incidence of dia-
betes (OR, 0.68; 95% CI, 0.49-0.94) compared to married 
people who lived with their spouse. Meanwhile, married 
people who did not live with their spouse had a higher in-
cidence of diabetes and hypertension compared to those 

who lived with their spouse (diabetes: OR, 1.29; 95% CI, 
1.08-1.54; hypertension: OR, 1.40; 95% CI, 1.19-1.64). The 
incidence of diabetes (OR, 1.24; 95% CI, 1.05-1.46) was 
higher among individuals with an occupational activity, and 
there was no significant association between occupational 
status and hypertension. Drinking frequency was not sig-
nificantly associated with diabetes, but higher drinking fre-
quency increased the incidence of hypertension (OR, 1.16; 
95% CI, 1.10-1.22).

Among disease factors, cancer was significantly associated 
with diabetes at significance level 0.1 (OR, 1.28; 95% CI, 
0.96-1.72; P-value=0.091), but was not significantly asso-
ciated with hypertension. Stroke (diabetes: OR, 2.06; 95% 
CI, 1.42-3.00; hypertension: OR, 2.46; 95% CI, 1.65-3.67), 
renal disease (diabetes: OR, 2.09; 95% CI, 1.79-2.43; hyper-
tension: OR, 1.48; 95% CI, 1.29-1.70) and hypercholesterolemia 
(diabetes: OR, 1.68; 95% CI, 1.46-1.93; hypertension: OR, 
2.04; 95% CI, 1.80-2.31) were all positively associated with 
diabetes and hypertension. Heart disease had a significant 
association at significant level 0.1 with diabetes (OR, 1.31; 
95% CI, 0.96-1.79; P-value=0.094) and hypertension (OR, 
1.59; 95% CI, 1.12-2.26). Hypertriglyceridemia had no sig-
nificant association with hypertension, but a positive associ-
ation with diabetes (OR, 1.37; 95% CI, 1.17-1.61). Regarding 
obesity type, which is a major factor of interest, the OB_BMI 
group had a lower incidence of diabetes compared to the 
OB_WC group (OR, 0.60; 95% CI, 0.47-0.77). Meanwhile, 
the OB_both group had a higher incidence of diabetes than 
the OB_WC group, but the difference was not statistically 
significant (OR, 1.14; 95% CI, 0.95-1.37). Regarding the oc-
currence of hypertension, there was no significant difference 
between the OB_WC and OB_BMI groups (OR, 1.03; 95% 
CI, 0.85-1.26), but the OB_both group had a higher in-
cidence of hypertension compared to the OB_WC group 
(OR, 1.82; 95% CI, 1.54- 2.15). The results are summarized 
in Table 2.

Diabetes and hypertension had the highest correlation 
with age; therefore, the incidence of diabetes and hyper-
tension was investigated according to age. Results showed 
that the OB_BMI group had the lowest incidence of dia-
betes over all age groups, while the OB_both group had the 
highest incidence of hypertension over all age groups 
(Figure 1).
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Table 2. Adjusted odds ratios with confidence intervals 

　Characteristic
Diabetes Hypertension

OR 95% CI Pa OR 95% CI Pa

Sex (female) 0.64 0.52-0.81 <0.001 0.59 0.50-0.70 <0.001

Age, y  

40-60 2.53 1.85-3.46 <0.001 2.53 2.07-3.09 <0.001

≥60 2.97 2.14-4.13 <0.001 5.82 4.64-7.30 <0.001

Household income 1.00 1.00-1.00 0.071 1.00 1.00-1.00 0.022

OB_BMI 0.60 0.47-0.77 <0.001 1.03 0.85-1.26 0.737

OB_both 1.14 0.95-1.37 0.148 1.82 1.54-2.15 <0.001

Marital status (not living with spouse) 1.29 1.08-1.54 0.005 1.40 1.19-1.64 <0.001

Marital status (never married) 0.68 0.49-0.94 0.021 1.06 0.85-1.33 0.581

Education 0.88 0.84-0.93 <0.001 0.87 0.83-0.91 <0.001

Occupation (yes) 1.24 1.05-1.46 0.012 0.90 0.80-1.02 0.098

Stress 1.02 0.92-1.12 0.741 1.01 0.93-1.09 0.833

Drinking frequency 0.96 0.91-1.00 0.090 1.16 1.10-1.22 <0.001

Smoking (former) 1.00 0.81-1.23 0.976 0.96 0.82-1.14 0.672

Smoking (sometimes) 0.59 0.36-0.95 0.031 0.85 0.60-1.20 0.352

Smoking (everyday) 1.15 0.89-1.48 0.281 0.82 0.67-1.10 0.048

Cancer (yes) 1.28 0.96-1.72 0.091 0.96 0.73-1.27 0.795

Stroke (yes) 2.06 1.42-3.00 <0.001 2.46 1.65-3.67 <0.001

Heart disease (yes) 1.31 0.96-1.79 0.094 1.59 1.12-2.26 0.010

Renal disease (yes) 2.09 1.79-2.43 <0.001 1.48 1.29-1.70 <0.001

Diabetes (yes) 　 1.75 1.50-2.04 <0.001

Hypertension (yes) 1.80 1.54-2.09 <0.001 　　
Hypercholesterolemia (yes) 1.68 1.46-1.93 <0.001 2.04 1.80-2.31 <0.001

Hypertriglyceridemia (yes) 1.37 1.17-1.61 <0.001 0.98 0.85-1.12 0.727

Abbreviations: CI, confidence interval; OB_BMI, obesity-only body mass index; OR, odds ratio.
aP-values were obtained using a logistic regression model analysis reflecting complex survey data.

Figure 1. Types of obesity and rates of diabetes and hypertension by age group. OB_WC, obesity-only waist circumference; OB_BMI, 
obesity-only body mass index. aP-values were obtained by chi-square tests of complex survey data.
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DISCUSSION

This study analyzed the effects of obesity type on dia-
betes and hypertension in adults aged ≥20 years who were 
classified as obese according to BMI (general obesity cri-
teria) or WC (abdominal obesity criteria) using data from 
the KNHANES (2016-2020). Obesity type was classified as 
abdominal obesity but not general obesity (abdominal obe-
sity-only), general obesity but not abdominal obesity 
(general obesity-only), or both abdominal and general obe-
sity (abdominal and general obesity). 

Among the individuals classified as obese, the proportions 
of abdominal obesity-only, general obesity-only, and ab-
dominal and general obesity were 12.87%, 22.35%, and 
64.78%; respectively. These figures indicate that 77.65% of 
obese people have abdominal obesity and 87.13% have gen-
eral obesity. Thus, the prevalence of general obesity rate is 
higher than that of abdominal obesity, but the difference is 
small. This trend is consistent with the Obesity Fact Sheet 
in Korea (2020),12) which reported increasing rates of general 
and abdominal obesity since 2009, with a gradual narrowing 
of the gap between the two. Considering that the abdominal 
obesity rate in US adults is higher than that of general obe-
sity,11) it is expected that the rate of increase in abdominal 
obesity will also accelerate in Korea.

According to the China Health and Nutrition Surveys 
conducted in 2009, it has been reported that abdominal obe-
sity is more prevalent among females than males, and the 
prevalence of abdominal obesity in both sexes peaked in the 
middle and older age groups.20) In this study, we observed 
a higher number of women and individuals aged 60 years 
or older with abdominal obesity-only. Conversely, there 
were more men and individuals under 60 years of age with 
either general obesity-only or both abdominal and general 
obesity. This suggests that as individuals age, the likelihood 
of developing abdominal obesity increases, even in those 
with a normal weight. From the adjusted ORs with sig-
nificance tests, we found that the general obesity-only group 
had a lower incidence of diabetes than the abdominal obe-
sity-only group (OR, 0.60; 95% CI, 0.47-0.77), and there 
was no significant difference between the abdominal and 
general obesity group and abdominal obesity-only group. So 
individuals with general obesity-only had a 0.60 times lower 
risk of developing diabetes than those with abdominal obe-
sity-only, that is, individuals with abdominal obesity-only 

had a 1.67 times higher risk of developing diabetes com-
pared to those with general obesity-only.

Obesity is a major risk factor for the development of dia-
betes, adipose tissue releases increased amounts of non-es-
terified fatty acids, glycerol, hormones, pro-inflammatory 
cytokines and other factors that are involved in the develop-
ment of insulin resistance. When insulin resistance is accom-
panied by dysfunction of pancreatic islet beta-cells that se-
crete insulin, failure to control blood glucose levels occurs.21) 
Metabolic syndrome which is known to be a primary pre-
dictor for type 2 diabetes is highly associated with a pro-in-
flammatory state, which results from abnormal changes in 
the normal balance of adipokines and these abnormalities 
are more likely to occur in obese people, particularly in 
those with abdominal obesity.22) In addition, metabolic syn-
drome of excess fat is more closely related to the location 
of fat than body fat mass per se.23) It has been shown that 
accumulation of fat in the gluteofemoral areas measured by 
computed tomography may even be metabolically pro-
tective24) and abdominal (central) obesity is more strongly 
associated with diabetes or metabolic syndrome than general 
obesity.25,26) 

Therefore, targeting the reduction of abdominal obesity 
would be more effective in preventing and treating diabetes, 
as well as in developing therapeutic interventions. This is es-
pecially true for those over the age of 60, as they have a 
higher likelihood of experiencing abdominal obesity, even if 
they have a normal weight, compared to those under 60. 

For hypertension, the abdominal and general obesity 
group had a higher incidence of hypertension than the ab-
dominal obesity-only group (OR, 1.82; 95% CI, 1.54-2.15), 
and there was no significant difference between the general 
obesity-only and abdominal obesity-only groups. That is, 
individuals with both abdominal and general obesity were 
found to have a 1.82 times higher incidence rate than those 
with either abdominal or general obesity alone. A number 
of studies have suggested that BMI and WC predict car-
diovascular risk factors, including hypertension, equally 
well and suggest that WC is interchangeable with BMI as 
a risk predictor.5,27,28) However, our findings suggest that 
the occurrence of hypertension is more evident in patients 
with both abdominal and general obesity. 

Obesity raises blood pressure by increasing renal tubular 
sodium reabsorption, impairing pressure natriuresis, and 
causing volume expansion via activation of the sympathetic 
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nervous system and renin-angiotensin-aldosterone system 
and by physical compression of the kidneys, especially 
when there is increased visceral adiposity.3) So, the inter-
action between general obesity and central obesity affects 
hypertension. Rhee et al.29) showed that the risk of develop-
ing hypertension increased significantly as WC increased in 
general obese individuals (BMI ≥25), but not in non-obese 
individuals (BMI <25). Therefore, models evaluating the risk 
of hypertension must include both BMI and WC,30) and in-
dividuals with both abdominal and general obesity have a 
high risk of hypertension, regardless of age.

Regarding significant covariates other than obesity type, 
the incidence of diabetes and hypertension increased with 
age, with a higher incidence observed among men compared 
to females. Notably, the incidence of hypertension was 5.82 
times higher among those aged 60 years or older compared 
to those aged 20-39, indicating a significantly higher risk of 
developing hypertension among older obese individuals 
compared to their younger counterparts. 

Moreover, across all age groups, the difference in diabetes 
occurrence by obesity type was evident in younger age 
groups, but in the group over 60 years of age, which ac-
counted for more than half of the abdominal obesity-only 
group, the difference between the abdominal obesity-only 
group and the abdominal and general obesity groups 
decreased. That is, the effect of obesity type on the in-
cidence of diabetes differed by age group. However, the in-
cidence of hypertension was highest in subjects with both 
abdominal and general obesity in all age groups and was 
similar between the abdominal obesity-only and general 
obesity-only groups (Figure 1). Therefore, although age was 
the most influential factor for hypertension in obese in-
dividuals, the association between hypertension and obesity 
type was generally less sensitive to age.

This study has several limitations. Firstly, due to the 
cross-sectional design, it was not possible to fully establish 
direct causal effects of obesity type on type 2 diabetes and 
hypertension. Future research could benefit from utilizing 
cohort studies or employing propensity score analyses to 
draw causal inferences. In addition, it is reasonable to con-
sider the influence of eating habits or lifestyle (exercise, 
sleep, etc.) on chronic diseases, such as diabetes or hyper-
tension; however, this study did not consider these factors. 
Thus, it will be necessary to expand and consider various 
covariates in future studies. 

In conclusion, abdominal obesity plays a more substantial 
role in the development of diabetes compared to general 
obesity, while the risk of hypertension is greatest when both 
abdominal and general obesity coexist. Notably, more than 
half of individuals with only abdominal obesity are aged 60 
years or older, and they may be classified as having a nor-
mal weight according to BMI standards. Consequently, 
these individuals may be excluded from obesity manage-
ment, underscoring the need to monitor and address their 
diabetes risk. The risk of hypertension is much greater when 
both abdominal and general obesity are present than when 
only one is present; therefore, both BMI and WC should 
be used as obesity measures.

요 약

연구배경: 비만은 당뇨병과 고혈압의 주요 원인이다. 대부

분의 이전 연구들에서는 체질량지수 또는 허리둘레 측정치

를 기준으로, 정상그룹과 비만그룹을 비교하여 비만이 당뇨

병과 고혈압에 미치는 영향을 분석하였다. 본 연구에서는 

비만 성인을 대상으로, 비만 유형 간 비교를 통하여, 당뇨병

과 고혈압 각각에 대한 비만 유형의 영향을 분석하였다.
방법: 국민건강영양조사(2016-2020) 자료로부터 체질량지

수 기준 또는 허리둘레 기준에 따라 비만으로 분류된 20세 

이상의 성인 8,914명을 대상으로 하였다. 비만 유형은 체질

량지수 기준과 허리둘레 기준에 의한 비만 분류에 따라 3개
의 유형(복부비만 단독군, 일반비만 단독군, 복부와 일반비

만군)으로 분류하였고, 다중 로지스틱 회귀모델을 사용하여 

분석하였다.
결과: 연구 대상자 중, 복부비만 단독군은 12.78%, 일반비

만 단독군은 22.35%였다. 60세 이상의 비율은 복부비만 단

독군에서는 57.52%, 일반비만군에서는 17.12%, 복부와 일

반비만군에서는 30.28%였다. 복부비만 단독군과 비교하였

을 때, 일반비만 단독군의 당뇨병 발생률은 유의하게 낮았

고(odds ratio [OR], 0.60; 95% confidence interval [CI], 
0.47-0.77), 복부와 일반비만군과는 유의한 차이가 없었다. 
또한 복부비만 단독군과 비교하였을 때, 복부와 일반비만군

의 고혈압 발생률은 유의하게 높았고(OR, 1.82; CI, 1.54-2.15), 
일반비만 단독군과는 유의한 차이가 나지 않았다.

결론: 복부비만은 일반비만보다 당뇨병과의 연관성이 더 

강하며, 두 가지 비만 유형이 공존할 때 고혈압의 위험이 가

장 높았다. 복부비만 단독군은 체질량지수 기준으로 정상 

체중에 해당되기 때문에 비만 관리에서 제외될 가능성이 높

으며, 특히 복부비만 단독군의 절반 이상을 차지하는 60세 

이상인 경우 그렇다. 또한 고혈압의 위험은 복부비만과 일
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반비만이 공존할 때 훨씬 더 크므로 비만을 정의할 때, 체질

량지수와 허리둘레를 모두 사용해야 할 필요성이 강조된다.

중심 단어: 복부비만, 일반비만, 당뇨병, 고혈압

ORCID

Joo Hee Kim https://orcid.org/0009-0009-0783-8758
Hyun Sook Oh https://orcid.org/0000-0002-5582-5320
 

REFERENCES

  1. Lee MN, Choi YS, Kim SD. The leading factors of obesity and 
severe obesity in Korean adults during the COVID-19 
pandemic. Int J Environ Res Public Health 2022;19(19):12214. 

  2. Chooi YC, Ding C, Magkos F. The epidemiology of obesity. 
Metabolism 2019;92:6-10. 

  3. Hall ME, do Carmo JM, da Silva AA, Juncos LA, Wang Z, Hall 
JE. Obesity, hypertension, and chronic kidney disease. Int J 
Nephrol Renovasc Dis 2014;7:75-88.

  4. Petrie JR, Guzik TJ, Touyz RM. Diabetes, hypertension, and 
cardiovascular disease: clinical insights and vascular mechanisms. 
Can J Cardiol 2018;34(5):575-84. 

  5. Patel SA, Ali MK, Alam D, Yan LL, Levitt NS, Bernabe-Ortiz 
A, et al. Obesity and its relation with diabetes and hypertension: 
a cross-sectional study across 4 geographical regions. Glob 
Heart 2016;11(1):71-9.e4.

  6. Bailey KV, Ferro-Luzzi A. Use of body mass index of adults in 
assessing individual and community nutritional status. Bull 
World Health Organ 1995;73(5):673-80. 

  7. Nuttall FQ. Body mass index: obesity, BMI, and health: a crit-
ical review. Nutr Today 2015;50(3):117-28. 

  8. Gujral UP, Weber MB, Staimez LR, Narayan KMV. Diabetes 
among non-overweight individuals: an emerging public health 
challenge. Curr Diab Rep 2018;18(8):60. 

  9. Zoccali C, Torino C, Tripepi G, Mallamaci F. Assessment of 
obesity in chronic kidney disease: what is the best measure? 
Curr Opin Nephrol Hypertens 2012;21(6):641-6. 

10. Ross R, Neeland IJ, Yamashita S, Shai I, Seidell J, Magni P, et al. 
Waist circumference as a vital sign in clinical practice: a con-
sensus statement from the IAS and ICCR working group on 
visceral obesity. Nat Rev Endocrinol 2020;16(3):177-89. 

11. Sun JY, Huang WJ, Hua Y, Qu Q, Cheng C, Liu HL, et al. 
Trends in general and abdominal obesity in US adults: evidence 
from the National Health and Nutrition Examination Survey 
(2001-2018). Front Public Health 2022;10:925293.

12. Nam GE, Kim YH, Han K, Jung JH, Rhee EJ, Lee SS, et al. 
Obesity fact sheet in Korea, 2019: prevalence of obesity and ab-
dominal obesity from 2009 to 2018 and social factors. J Obes 
Metab Syndr 2020;29(2):124-32.

13. Yamada T, Kimura-Koyanagi M, Sakaguchi K, Ogawa W, 
Tamori Y. Obesity and risk for its comorbidities diabetes, hy-
pertension, and dyslipidemia in Japanese individuals aged 65 
years. Sci Rep 2023;13(1):2346. 

14. Ren H, Guo Y, Wang D, Kang X, Yuan G. Association of nor-

mal-weight central obesity with hypertension: a cross-sectional 
study from the China health and nutrition survey. BMC 
Cardiovasc Disord 2023;23(1):120.

15. Choi D, Choi S, Son JS, Oh SW, Park SM. Impact of discrep-
ancies in general and abdominal obesity on major adverse car-
diac events. J Am Heart Assoc 2019;8(18):e013471.

16. Sangrós FJ, Torrecilla J, Giráldez-García C, Carrillo L, Mancera 
J, Mur T, et al. Association of general and abdominal obesity 
with hypertension, dyslipidemia and prediabetes in the PREDAPS 
study. Rev Esp Cardiol (Engl Ed) 2018;71(3):170-7.

17. WHO Expert Consultation. Appropriate body-mass index for 
Asian populations and its implications for policy and inter-
vention strategies. Lancet 2004;363(9403):157-63.

18. Oh HS. Important significant factors of health-related quality 
of life (EQ-5D) by age group in Korea based on KNHANES 
(2014). JKDISS 2017;28(3):573-84.

19. Levey AS, Stevens LA. Estimating GFR using the CKD 
Epidemiology Collaboration (CKD-EPI) creatinine equation: 
more accurate GFR estimates, lower CKD prevalence estimates, 
and better risk predictions. Am J Kidney Dis 2010;55(4):622-7. 

20. Hu L, Huang X, You C, Li J, Hong K, Li P, et al. Prevalence of 
overweight, obesity, abdominal obesity and obesity-related risk 
factors in southern China. PLoS One 2017;12(9):e0183934. 

21. Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obe-
sity to insulin resistance and type 2 diabetes. Nature 2006;444
(7121):840-6.

22. Ritchie SA, Connell JM. The link between abdominal obesity, 
metabolic syndrome and cardiovascular disease. Nutr Metab 
Cardiovasc Dis 2007;17(4):319-26.

23. Westphal SA. Obesity, abdominal obesity, and insulin resistance. 
Clin Cornerstone 2008;9(1):23-9.

24. Pouliot MC, Després JP, Nadeau A, Moorjani S, Prud'Homme 
D, Lupien PJ, et al. Visceral obesity in men. Associations with 
glucose tolerance, plasma insulin, and lipoprotein levels. Diabetes 
1992;41(7):826-34.  

25. Lee JJ, Beretvas SN, Freeland-Graves JH. Abdominal adiposity 
distribution in diabetic/prediabetic and nondiabetic populations: 
a meta-analysis. J Obes 2014;2014:697264. 

26. Phillips LK, Prins JB. The link between abdominal obesity and 
the metabolic syndrome. Curr Sci 2008;10(2):156-64.

27. Bosy-Westphal A, Geisler C, Onur S, Korth O, Selberg O, 
Schrezenmeir J, et al. Value of body fat mass vs anthropometric 
obesity indices in the assessment of metabolic risk factors. Int J 
Obes (Lond) 2006;30(3):475-83. 

28. Dalton M, Cameron AJ, Zimmet PZ, Shaw JE, Jolley D, 
Dunstan DW, et al. Waist circumference, waist-hip ratio and 
body mass index and their correlation with cardiovascular 
disease risk factors in Australian adults. J Intern Med 2003;254(6):
555-63.

29. Rhee EJ, Cho JH, Kwon H, Park SE, Jung JH, Han KD, et al. 
Association between abdominal obesity and increased risk for 
the development of hypertension regardless of physical activity: 
a nationwide population-based study. J Clin Hypertens (Greenwich) 
2018;20(10):1417-26. 

30. Ostchega Y, Hughes JP, Terry A, Fakhouri TH, Miller I. 
Abdominal obesity, body mass index, and hypertension in 
US adults: NHANES 2007-2010. Am J Hypertens 2012;25(12):
1271-8.


