Original Article

Korean J Health Promot 2023;23(3):130-138 e pISSN: 2234-2141 e elSSN: 2093-5676
http://dx.doi.org/10.15384/kjhp.2023.23.3.130
Of ©35 | Cl |:|=|_l|- S40} | I_lb oSt
H|9F 'rrc:>|0 =D 1=det0]| O|X|= gl
253, o8
JHEithetm AbElnsitel S 85 A st

Effects of Obesity Type on Diabetes and Hypertension in
Obese Korean Adults

Joo Hee Kim, Hyun Sook Oh

Department of Applied Statistics, School of Social Science, Gachon University, Seongnam, Korea

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.

Resullts: 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 [Cl], 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% Cl, 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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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."”
Nearly one-third of the world’s population is classified as
overweight or obese.” 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.””

Patel et al.” 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.”

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.” 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 BMIL. 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.” Since abdominal obesity is
highly correlated with visceral fat, WC has a greater impact
on metabolic diseases including diabetes and hypertension
than BML>'® Therefore, solely relying on BMI to assess
obesity may hinder future interventions aimed at obesity-re-
lated discases as well as obesity prevention and control.”

General obesity with BMI >30 kgim’ 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."” In
Korean adults, the prevalence of general (based on Korean
general obesity standard, BMI >25 kgim’) and abdominal
obesity was 35.7% and 23.8% in 2018, respectively, with in-
creasing trends for both from 2009 to 2018."”

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"”’ 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."” 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 BML

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."
Hypertension has the strongest association with general
obesity in women, while prediabetes has the strongest asso-
ciation with abdominal obesity in men."®

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 kgf,
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."”

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

' Smoking status was

2-3 times; 5: 4 or more times a week).
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 m’ (using chronic kidney disease

epidemiology collaboration formula).'”
3. Statistical analysis

This study integrated 5 years of KINHANES 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). 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

Table 1. Sample characteristics by obesity type

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

OB_WC OB_BMI OB_both
Characteristic r
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 7418 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 2,340 349 <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) 66 443 25 1.1 167 223 <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.
“P-values were obtained by chi-square test for categorical variables and analysis of variance for continuous variables, reflecting complex survey

data.



134 Korean J Health Promot Vol. 23, No. 3, 2023

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, hypercholesterolena,
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-
clated 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% ClI, 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

. Diabetes Hypertension
Characteristic
OR 95% CI P OR 95% CI P

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.
*P-values were obtained using a logistic regression model analysis reflecting complex survey data.
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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. *P-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 KINHANES (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)," 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,"” 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.” 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.””
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.”” In addition, metabolic syn-
drome of excess fat is more closely related to the location
of fat than body fat mass per se.”” It has been shown that
accumulation of fat in the gluteofemoral areas measured by
computed tomography may even be metabolically pro-
tective” and abdominal (central) obesity is more strongly
associated with diabetes or metabolic syndrome than general
obesity.”?"

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 likelthood 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.””*® 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.” So, the inter-
action between general obesity and central obesity affects
hypertension. Rhee et al.”” 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,™ 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.
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