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Abstract: Combined effects of metabolic abnormalities, including metabolic syndrome and obesity,
should be identified to screen postmenopausal women at risk of developing cardiovascular dis-
eases. The purpose of this study was to identify the combined effects of metabolic abnormalities
and obesity on cardiovascular diseases among postmenopausal Korean women (aged 40–83 years).
Data of 5959 postmenopausal women from the Korean National Health and Nutrition Examination
Survey (2015–2018) were secondarily analyzed. Using complex simple analysis procedures, logis-
tic regression analysis was performed to identify the combined effect of metabolic abnormalities
and obesity on cardiovascular diseases among postmenopausal Korean women. In combination,
metabolic syndrome (more than three metabolic abnormalities) and obesity (overweight [≥23 kg/m2

and <25 kg/m2 in body mass index] and obese [>25 kg/m2 in body mass index]) increased the
likelihood of developing cardiovascular diseases but combining more than one metabolic abnor-
mality and obesity did not. Combining metabolic syndrome and non-obesity (underweight and
normal weight) increased the likelihood of the prevalence of cardiovascular diseases but combining
more than one metabolic abnormality and non-obesity did not. Increased cardiovascular diseases
in postmenopausal women may be more commonly associated with metabolic syndrome having
multiple metabolic abnormalities, but not obesity. Thus, instead of simple weight control, early
management of metabolic syndrome is recommended to prevent cardiovascular disease among
postmenopausal Korean women.

Keywords: cardiovascular diseases; metabolic syndrome; obesity; postmenopausal

1. Introduction

Postmenopausal women tend to experience increases in body weight and abdominal
obesity, which result from estrogen depletion, decreased physical activity, and increased
sedentary behaviors [1,2]. Obesity and abdominal visceral fat accumulation in the post-
menopausal period lead to an increased risk of metabolic abnormalities including insulin
resistance, hypertension, low high-density lipoprotein (HDL) cholesterol levels, and high
levels of low-density lipoprotein (LDL) cholesterol and triglycerides (TG) [3,4]. According
to previous studies, obesity and metabolic syndrome with the clustering of three or more
metabolic abnormalities are an independent risk factor for the development of cardiovas-
cular diseases (CVDs) and consequent deaths [5]. Thus, early management of obesity and
metabolic abnormalities may be important for the prevention of CVDs in postmenopausal
women. In view of the interactive effects of combined patterns of metabolic abnormalities
and obesity, the combined effects of metabolic abnormalities including metabolic syndrome
and obesity should be studied; this will facilitate screening of postmenopausal women at
risk, who primarily need management for the prevention of CVDs [5–7].

In this context, previous studies attempted to identify the risk of CVDs according to the
combined patterns of metabolic abnormalities and obesity (overweight and obesity) (e.g.,
with/without metabolic syndrome and obesity, and with/without metabolic syndrome
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and non-obesity) [7]. However, the significance of the combined effects of metabolic
abnormalities and obesity on CVDs and the associated complications (e.g., mortality)
were unclear. In a study on women aged 20 to 80 years, normal weight women with
metabolic syndrome (more than three metabolic abnormalities) showed an increased
risk of CVDs, while obese women without metabolic syndrome (less than two metabolic
abnormalities) did not [8]. In a study on women with a mean age of 45.7 years, obese women
without any metabolic abnormalities did not show a significantly increased risk of ischemic
heart disease [9]. In addition, according to a meta-analysis [7], obesity without metabolic
syndrome was also associated with a significantly increased risk of CVDs. However, a
study showed that obesity with at least one metabolic abnormality and normal weight with
more than one metabolic abnormality conferred an increased risk of CVDs during a 5-year
follow up [9]. The unclear significance of the combined effects of metabolic abnormalities
and obesity on CVDs were attributed to differences in the sex and ethnicity of samples,
and the application of different criteria for metabolic disease [9–12]. Thus, it is necessary
to identify the combined effects of metabolic abnormalities and obesity, considering the
criteria for metabolic disease, for the prevention of CVDs among postmenopausal Korean
women. However, few studies have considered the sex and criteria of metabolic disease
in the samples. In this context, the purpose of this study was to identify the combined
effect of metabolic abnormalities and obesity on CVDs in postmenopausal Korean women
according to two criteria for metabolic disease (more than one metabolic abnormality and
more than three metabolic abnormalities, namely, metabolic syndrome).

CVDs may develop as a result of interaction between various biological, psychological,
and social determinants [13]. According to the biopsychosocial holistic model of cardio-
vascular health, interactive factors such as biological factors (e.g., age, sex, and genomics),
social factors (e.g., socioeconomic status), and psychological factors (e.g., stress, depression,
and health behaviors) influence cardiovascular health [14]. Thus, based on a literature
review, biological factors including age, family history of hypertension, dyslipidemia, and
type 2 diabetes mellitus (T2DM) would have an influence as covariates [13,15]. Among so-
cial factors, family socioeconomic status and educational level have been identified [13,15].
In addition, stress, depression, current or past smoking experiences, current binge alcohol
consumption, physical activity, and sedentary behaviors are notable psychological factors
that qualify as covariates [13,15]. Thus, this study was performed to identify the combined
effect of metabolic abnormalities and obesity on CVDs among postmenopausal Korean
women after controlling for the known covariates.

2. Materials and Methods
2.1. Study Design and Samples

This cross-sectional study analyzed secondary data from the Korean National Health
and Nutrition Examination Survey between 2015–2018. Among the 21,578 women who par-
ticipated in the survey, 13,049 women aged over 40 years were selected. Among the selected
women, 7092 women who were either premenopausal or did not complete the question-
naire that assessed health and nutritional status were excluded. Finally, 5957 women (aged
40–83 years) were included in this study for data analysis.

2.2. Measurements
2.2.1. Outcome Variable
Cardiovascular Diseases

CVDs were evaluated using a single question to identify a diagnosis of coronary heart
disease (angina pectoris and myocardial infarction) and cerebrovascular disease (stroke) by
a physician specializing in CVDs.
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2.2.2. Independent Variable
Metabolic Abnormalities

The considered metabolic abnormalities included abdominal obesity, high blood
pressure, low HDL cholesterol, high triglycerides, and high fasting glucose. In addition,
metabolic syndrome was defined by the presence of three or more metabolic abnormalities
based on the criteria proposed by the American Heart Association and the National Heart,
Lung, and Blood Institute [16]. The exception was abdominal obesity, for which the criteria
proposed by the Korean Society for the Study of Obesity were applied [17].

Specific criteria for the five metabolic abnormalities were as follows: (i) abdominal
obesity: ≥85 cm waist circumference; (ii) high blood pressure: ≥130/85 mmHg or intake of
medication for the management of hypertension; (iii) low HDL cholesterol: <50 mg/dL or
intake of medication for the management of low HDL; (iv) high triglycerides: ≥150 mg/dL
or intake of medication for the management of high triglycerides, and (v) high fasting
glucose: ≥100 mg/dL or intake of medication for the management of hyperglycemia.

Adiposity

Adiposity was evaluated using body mass index (BMI), calculated with objectively
measured height and weight. The BMI was then categorized into underweight (<18.5 kg/m2);
normal weight (≥18.5 kg/m2 and <23 kg/m2); overweight (≥23 kg/m2 and <25 kg/m2),
and obese (>25 kg/m2) categories [18]. Underweight and normal weight categories were
classified as non-obesity, and overweight and obesity were classified as obesity.

2.2.3. Covariates
Biological Factors

The categories for age were 40–64 years and ≥65 years. A family history of hyperten-
sion, dyslipidemia, T2DM, or CVDs was assessed using a single question on the history
of hypertension, dyslipidemia, T2DM, or CVDs in direct family members. Responses
included either a “yes” or “no.”

Social Factors

The socioeconomic status of the family was assessed based on their perceived socioe-
conomic status. Responses were categorized as either high, middle, or low. Educational
level was assessed based on their highest level of educational attainment. Responses were
categorized as follows: less than graduation from elementary school, graduation from
middle school, graduation from high school, and more than graduation from college.

Psychological Factors

Stress was assessed using a single question on the level of daily stress. The responses
were categorized as either severe, little, or not at all. Depression was assessed based on
whether they were diagnosed by a psychiatrist; responses were recorded as either “yes”
or “no.” Current or past smoking history was assessed using a single question regarding
current or past smoking experiences; responses were recorded as either “yes” or “no.”
Current binge alcohol consumption was assessed based on the following: amount and
frequency of alcohol use and frequency of heavy drinking using alcohol consumption
questions (AUDIT-C). The total scores ranged from 0 to 12 points, with 0 to 4 points for
the response rate of each item. More than six points were considered as binge alcohol
consumption, based on the criteria proposed by Woo et al. [19]. Physical activity was
assessed using the Metabolic Equivalent Task (MET)-minutes of Global Physical Activity
Questionnaire analysis guide (version 2.0) [20]. Physical activity included activities during
work, travel to and from places, and leisure. This was calculated as the sum of walking
or cycling, and moderate and vigorous MET minutes in a week. The level of physical
activity was classified into moderate to vigorous intensity (≥600 MET-min per week) and
low intensity (<600 MET-min per week) categories. Sedentary behavior was assessed using
the question: “How many hours do you usually sit or lie down a day?” Responses were
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categorized into <8 h a day and ≥8 h a day, and sedentary time with more than 8 h a
day was considered as prolonged sedentary behavior according to the guidelines of the
Department of Health & Social Care [21].

2.3. Ethical Consideration

This study was exempted from institutional review board (IRB) review, as it was a
secondary analysis (approval no. 202105-SB-063-01).

2.4. Statistical Analysis

Following guidelines proposed by the Korean National Health and Nutrition Exam-
ination Survey, data analyses were performed by complex simple analysis procedures
using SPSS version 26.0 (IBM, Armonk, NY, USA). The prevalence of CVDs, metabolic
abnormalities, adiposity, and covariates (biological, social, and psychological factors) were
analyzed as frequencies and percentages. Logistic regression analysis was performed
with or without controlling the covariates, to identify the combined effect of metabolic
abnormalities and obesity on CVDs among Korean postmenopausal women.

3. Results
3.1. Characteristics of Cardiovascular Diseases, Metabolic Abnormalities, Adiposity, and
Covariates among Participants

Overall, 1.6% of the postmenopausal women had CVDs; 50.6% of the participants had
at least 1 metabolic abnormality, and 14.5% had metabolic syndrome with at least three
metabolic abnormalities. In addition, 41% of the participants were overweight and obese.
Among the participants who were underweight and normal weight, 32.2% of participants
had at least one metabolic abnormality, and 3.5% had metabolic syndrome with at least
three metabolic abnormalities. Among the participants who were overweight and obese,
77.1% of participants had at least one metabolic abnormality, and 30.3% had metabolic
syndrome with at least three metabolic abnormalities. The prevalence of the covariates
(biological, social, and psychological factors) has been presented in Table 1.

Table 1. Characteristics of cardiovascular diseases, metabolic abnormalities, adiposity, and covariates
among the participants.

Variables Categories n (%)

Cardiovascular Diseases
Yes 106 (1.6)
No 5853 (98.4)

Metabolic abnormalities 2753 (49.4)

More than one metabolic abnormality Yes 3206 (50.6)
No

Metabolic syndrome
(More than three metabolic abnormalities)

Yes 942 (14.5)
No 5017 (85.5)

Components of metabolic abnormalities
Abdominal obesity Yes 1148 (17.9)

No 4811 (82.1)
High blood pressure Yes 828 (12.3)

No 5131 (87.7)
Low high density lipoprotein cholesterol Yes 1913 (30.5)

No 4046 (69.5)
High triglycerides Yes 1259 (19.5)

No 4700 (80.5)
High fasting glucose Yes 1295 (19.9)

No 4664 (80.1)
Adiposity

Underweight 362 (6.7)
Normal weight 3021 (52.3)

Overweight 1110 (17.7)
Obesity 1466 (23.3)
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Table 1. Cont.

Variables Categories n (%)

Metabolic abnormalities according to adiposity

Underweight and normal weight (n = 3383) More than one
metabolic abnormality 1185(32.2)

Abdominal obesity 23 (0.6)
High blood pressure 254 (6.4)

Low high density
lipoprotein cholesterol 724 (19.9)

High triglycerides 365 (10.0)
High fasting glucose 411 (10.6)
Metabolic syndrome 136 (3.5)

Overweight and obesity (n = 2576) More than one
metabolic abnormality 2021 (77.1)

Abdominal obesity 1125 (42.9)
High blood pressure 574 (20.6)

Low high density
lipoprotein cholesterol 1189 (45.7)

High triglycerides 894 (33.2)
High fasting glucose 884 (33.5)
Metabolic syndrome 806 (30.3)

Biological factors

Age (years) 40–64 3460 (52.1)
≥65 2499 (47.9)

Family history of hypertension, dyslipidemia, type 2
diabetes mellitus, cerebrocardiovascular disease

Yes 3835 (62.7)
No 2124 (37.3)

Social factors

Socioeconomic status of family
High 2540 (42.3)

Middle 1212 (20.0)
Low 2207 (37.7)

Education level

Less than graduation
of middle school 844 (12.3)

Graduation of
high school 2288 (39.5)

More than graduation
of college 2827 (48.2)

Psychological factors

Stress
Severe 1809 (31.7)
A little 3515 (58.2)

Almost none 635 (10.1)

Depression Yes 269 (4.6)
No 5690 (95.4)

Current or past smoking history
Current and past

smokers 844 (14.9)

Non-smokers 5115 (85.1)

Current binge alcohol consumption

Almost every day 114 (1.9)
Once a week 536 (9.3)

Less than once
a month 2194 (39.1)

Never 3115 (49.7)

Physical activity
Moderate to

vigorous intensity 3918 (66.7)

Low intensity 2041(33.3)

Sedentary behaviors (hours a day) ≥8 3185 (55.0)
<8 3184 (48.1)

Note 1. Number was underweighted and percentage was weighted.
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3.2. Combined Effects of Metabolic Abnormalities and Obesity among Korean
Postmenopausal Women

Without controlling for covariates, participants with more than one metabolic ab-
normality and obesity combined had an increased likelihood of developing CVDs (crude
odds ratio [OR]: 4.43, 95% confidence interval [CI]: 1.63–12.09). Combined metabolic
syndrome and obesity increased the likelihood of developing CVDs (crude OR: 7.00, 95%
CI: 3.28–14.94); combined metabolic syndrome and non-obesity (crude OR: 10.53, 95%
CI: 3.65–30.33) was associated with an increased likelihood of developing CVDs, but a
combination of more than one metabolic abnormality and non-obesity (crude OR: 3.05, 95%
CI: 0.98–9.45) was not. Without any metabolic abnormalities or metabolic syndrome (less
than two metabolic abnormalities), obese participants did not show an increased likelihood
of developing CVDs (Table 2).

Table 2. Combined effects of metabolic abnormalities and obesity among Korean postmenopausal
women.

Variables
Cardiovascular Diseases

Crude OR
(95% CI)

Adjusted OR
(95% CI)

Without metabolic abnormalities and non-obesity
(Reference) 1 1

With metabolic abnormalities and obesity

More than one metabolic abnormality 4.43
(1.63–12.09)

1.29
(0.47–3.53)

Metabolic syndrome 7.00
(3.28–14.94)

2.67
(1.27–5.62)

With metabolic abnormalities and non-obesity

More than one metabolic abnormality 3.05
(0.98–9.45)

0.95
(0.31–2.95)

Metabolic syndrome 10.53
(3.65–30.33)

3.09
(1.09–8.78)

Without metabolic abnormalities and overweight/obesity

Without metabolic abnormalities 1.87
(0.36–9.69)

1.00
(0.26–3.80)

Without metabolic syndrome
(Less than two metabolic abnormalities)

1.41
(0.59–3.36)

0.92
(0.41–2.06)

Note 1: OR = odds ratio; CI = confidence interval. Note 2: adjusted OR = adjusted for covariates (biological, social,
and psychological factors).

On controlling for covariates, combined metabolic syndrome and obesity was associ-
ated with an increased likelihood of developing CVDs (adjusted OR: 2.67, 95% CI: 1.27–5.62),
but combining more than one metabolic abnormality and obesity (adjusted OR: 1.29,
95% CI: 0.47–3.53) was not. In addition, combining metabolic syndrome and non-obesity
was associated with an increased likelihood of developing CVDs (adjusted OR: 3.09, 95%
CI: 1.09–8.78), but more than one metabolic abnormality and non-obesity (adjusted
OR: 0.95, 95% CI: 0.31–2.95) was not. In addition, obese participants without metabolic
abnormalities did not show an increased likelihood of developing CVDs (Table 2).

4. Discussion

This study identified the combined effects of metabolic abnormalities and obesity
on CVDs among postmenopausal Korean women. The results of this study suggest that
the association between CVDs among Korean postmenopausal women and metabolic
syndrome with more than three metabolic abnormalities may be stronger than that with
more than one metabolic abnormality and obesity.

In previous experimental and observational studies, estrogen demonstrated a protec-
tive effect on CVDs in women [22]. Thus, postmenopausal women may have an increased
risk of CVDs than men of the same age owing to estrogen deficiency associated with the
loss of ovarian function; however, premenopausal women are considered to be at less
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risk of CVDs than men of the same age [23]. In this context, deficiency of estrogens may
result in increased abdominal obesity or accumulation of abdominal visceral fat, which is
linked to Type 2 DM with increased insulin resistance, dyslipidemia including reduced
HDL cholesterol levels and hypertriglyceridemia, and hypertension in postmenopausal
women, including postmenopausal Korean women [24–27]. In view of the strong asso-
ciation between metabolic abnormalities (e.g., metabolic syndrome) and CVDs during
menopausal transition periods [3], increased abdominal obesity in the postmenopausal
period may confer a greater risk of developing. In this context, abdominal obesity rather
than BMI was a more consistent and stronger predictor of coronary heart disease in a
previous study including 24,508 individuals aged 45–79 years [8,28]. Cho et al. [29] also
reported that abdominal obesity, not overall obesity, was significantly associated with
obstructive coronary artery diseases in postmenopausal Korean women. Obese women
without metabolic abnormalities may have a relatively low risk of abdominal obesity;
conversely, metabolic syndrome with obesity may confer a higher risk of abdominal obe-
sity in women. In this context, studies have shown that metabolic abnormities including
metabolic syndrome are stronger predictors of CVDs than obesity [8,10]. According to
a meta-analysis of prospective cohort studies and a community-based study including
6215 individuals with metabolic syndrome, individuals with normal weight were also at
increased risk of developing CVDs (coronary artery diseases and stroke) [7,30]. However, a
10-year follow-up study including 3189 obese individuals without metabolic abnormalities
did not report an increased risk of CVDs [9]. Thus, for the prevention of CVDs among
postmenopausal Korean women, prevention and management of metabolic abnormalities
may be more relevant than simply maintaining a normal weight.

In a study including White, Black, and Hispanic postmenopausal overweight and
obese women, less than one metabolic abnormality was not found to be associated with
an increased risk of CVDs, regardless of race and ethnicity [10]. In addition, a previous
study on women using Korean national data showed that more than one metabolic ab-
normality was not associated with cardiovascular mortality, regardless of adiposity [5].
Thus, postmenopausal Korean women with a greater number of metabolic abnormalities,
such as metabolic syndrome, may have a higher risk of CVDs. Thus, early management of
metabolic abnormalities, prior to the development of metabolic syndrome, is recommended
to prevent CVD among postmenopausal Korean women.

Based on big national data, this study identified that metabolic syndrome rather
than obesity should be more urgently managed for the prevention of CVDs among post-
menopausal Korean women. However, there were limitations to this study. First, it
employed a cross-sectional study design, and verification of causal relationships between
independent and outcome variables was limited; longitudinal cohort studies are therefore
necessary to address this issue. Second, limited covariates were included for secondary
data analysis. Third, this study included only Korean women; however, ethnic differences
are known to influence the impact of metabolic abnormalities on CVDs, and Korea has
an increasingly multiethnic society. Thus, further studies are needed to identify ethnic
differences in the influence of metabolic abnormalities on CVDs among multiethnic cohorts.
Fourth, although biological, social, and psychological factors were controlled as covariates,
studies comparing the effect of metabolic abnormalities and obesity on CVDs according to
the level of biological, social, and psychological factors (e.g., age) are required. Fifth, this
study focused on the combined effects of metabolic abnormalities and obesity on CVDs.
However, with the significant association, metabolic abnormalities and obesity might have
an interactive effect on CVDs. Thus, further studies are needed to test the interactive effect
between metabolic abnormalities and obesity on CVDs. Sixth, this study did not identify
key metabolic abnormalities associated with CVDs, but only confirmed the significant
effect of metabolic syndrome on developing CVDs in postmenopausal Korean women.
Thus, further studies focusing on the verification of key metabolic abnormalities associated
with developing CVDs among postmenopausal Korean women are required.
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5. Conclusions

The results of this study suggest that obesity may not be a significant factor asso-
ciated with CVDs among postmenopausal Korean women. The increased risk of CVDs
in this population may be associated more with metabolic syndrome consequent to mul-
tiple cumulative metabolic abnormalities. Thus, early management is primarily recom-
mended in postmenopausal Korean women developing metabolic syndrome, to prevent
cardiovascular disease. Healthcare providers should focus on prevention strategies for
metabolic abnormalities, including the management of abdominal obesity, and not merely
on weight loss.
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by the Korean government, Ministry of Science, ICT and Future Planning (2021R1A2C100682811).

Institutional Review Board Statement: This study was exempted from institutional review board
(IRB) review, as it was a secondary analysis (approval no. 202105-SB-063-01).

Informed Consent Statement: Patient consent was waived due to the nature of the study, which
involved secondary data analysis.

Data Availability Statement: Data were acquired from KDCA and are available from https://
knhanes.kdca.go.kr/knhanes/main.do (accessed on 6 May 2021).

Conflicts of Interest: The author declares that there was no conflict of interest.

References
1. Grodstein, F.; Manson, J.E.; Stampfer, M.J. Postmenopausal hormone use and secondary prevention of coronary events in the

nurses’ health study. A prospective, observation study. Ann. Intern. Med. 2001, 135, 1–8. [CrossRef]
2. Rosique-Esteban, N.; Babio, N.; Díaz-López, A.; Romaquera, D.; Martínez, J.A.; Sanchez, V.M.; Salas-Salvadó, J. Leisure-time

physical activity at moderate and high intensity is associated with parameters of body composition, muscle strength and
sacopenia aged adults with obesity and metabolic syndrome from the PREDIMED-Plus study. Clin. Nutr. 2019, 38, 1324–1331.
[CrossRef] [PubMed]

3. Carr, M.C. The emergency of the metabolic syndrome with menopause. J. Clin. Endocrinol. Metab. 2003, 88, 2404–2411. [CrossRef]
[PubMed]

4. Bentley-Lewis, R.; Koruda, K.; Seely, E.W. The metabolic syndrome in women. Nat. Clin. Pract. Endocrinol. Metab. 2007, 3, 696–704.
[CrossRef]

5. Sung, K.C.; Ryu, S.; Cheong, E.S.; Kim, B.S.; Kim, B.J.; Kim, Y.B.; Chung, P.W.; Wild, S.H.; Byrne, C.D. All cause and cardiovascular
mortality among Koreans. Am. J. Prev. Med. 2015, 49, 62–71. [CrossRef] [PubMed]

6. Kaur, A.; Johnston, D.G.; Godsland, I.F. Does metabolic health in overweight and obesity persist? Individual variation and
cardiovascular mortality over two decades. Eur. J. Endocrinol. 2016, 175, 133–143. [CrossRef] [PubMed]

7. Fan, J.; Song, Y.; Chen, Y.; Hui, R.; Zhang, W. Combined effect of obesity and cardio-metabolic abnormality on the risk of
cardiocascular disease: A meta-analysis of prospective cohort studies. Int. J. Cardiol. 2013, 168, 4761–4768. [CrossRef]

8. Kip, K.E.; Marroquin, O.C.; Kelly, D.E.; Johnson, B.D.; Kelsey, S.F.; Shaw, L.J.; Rogers, W.J.; Reis, S.E. Clinical importance of obesity
versus the metabolic syndrome in cardiovascular risk in women. Circulation 2004, 109, 706–713. [CrossRef] [PubMed]

9. Hansen, L.; Netterstrøm, M.K.; Johansen, N.B.; Rønn, P.F.; Vistisen, D.; Husemoen, L.L.N.; Jørgensen, M.E.; Rod, N.H.; Færch, K.
Metabolically healthy obesity and ischemic heart disease: A 10-year follow-up of the inter99 study. J. Clin. Endocrinol. Metab.
2017, 102, 1934–1942. [CrossRef]

10. Schmiegelow, M.D.; Hedlin, H.; Mackey, R.H.; Marin, L.; Vitolins, M.Z.; Stefanick, M.L.; Perez, M.V.; Allison, M.; Hlatky, M.A.
Race and ethnicity, obesity, metabolic health, and risk of cardiovascular disease in postmenopausal women. J. Am. Heart Assoc.
2015, 4, e001695. [CrossRef] [PubMed]

11. Hinnouho, G.M.; Czernichow, S.; Dugravot, A.; Batty, G.D.; Kivimaki, M.; Singh-Manoux, A. Metabolically healthy obesity and
risk of mortality: Does the definition of metabolic health matter? Diabetes Care 2013, 36, 2294–2300. [CrossRef]

12. Thomsen, M.; Nordestgaard, B.G. Myocardial infarction and ischemic heart disease in overweight and obesity with and without
metabolic syndrome. JAMA Intern. Med. 2014, 174, 15–22. [CrossRef]

13. Lionis, C.; Anyfantakis, D.; Symvoulakis, E.K.; Shea, S.; Panagiotakos, D.; Castanas, E. Bio-psychosocial determinants of
cardiovascular disease in a rural population on crete, greece: Formulating a hypothesis and designing the SPILI-3 study. BMC
Res. Notes 2010, 3, 258. [CrossRef]

14. Chapa, D.W.; Akintade, B.; Son, H.; Woltz, P.; Hunt, D.; Friedmann, E.; Hartung, M.K.; Thomas, S.A. Pathophysiological
relationships between heart failure and depression and anxiety. Crit. Care Nurse. 2014, 34, 14–25. [CrossRef] [PubMed]

15. Suls, J.; Martin, R. Heart disease occurs in a biological, psychological, and social matrix: Cardiac risk factors, symptom
presentation, and recovery as illustrative examples. Ann. Behav. Med. 2011, 41, 164–173. [CrossRef]

https://knhanes.kdca.go.kr/knhanes/main.do
https://knhanes.kdca.go.kr/knhanes/main.do
http://doi.org/10.7326/0003-4819-135-1-200107030-00003
http://doi.org/10.1016/j.clnu.2018.05.023
http://www.ncbi.nlm.nih.gov/pubmed/29910068
http://doi.org/10.1210/jc.2003-030242
http://www.ncbi.nlm.nih.gov/pubmed/12788835
http://doi.org/10.1038/ncpendmet0616
http://doi.org/10.1016/j.amepre.2015.02.010
http://www.ncbi.nlm.nih.gov/pubmed/26094228
http://doi.org/10.1530/EJE-16-0095
http://www.ncbi.nlm.nih.gov/pubmed/27412654
http://doi.org/10.1016/j.ijcard.2013.07.230
http://doi.org/10.1161/01.CIR.0000115514.44135.A8
http://www.ncbi.nlm.nih.gov/pubmed/14970104
http://doi.org/10.1210/jc.2016-3346
http://doi.org/10.1161/JAHA.114.001695
http://www.ncbi.nlm.nih.gov/pubmed/25994446
http://doi.org/10.2337/dc12-1654
http://doi.org/10.1001/jamainternmed.2013.10522
http://doi.org/10.1186/1756-0500-3-258
http://doi.org/10.4037/ccn2014938
http://www.ncbi.nlm.nih.gov/pubmed/24692463
http://doi.org/10.1007/s12160-010-9244-y


Healthcare 2021, 9, 1064 9 of 9

16. Grundy, S.M.; Cleeman, J.I.; Daniels, S.R.; Donato, K.A.; Eckel, R.H.; Franklin, B.A.; Gordon, D.J.; Krauss, R.M.; Savage, P.J.; Smith,
S.C., Jr.; et al. Diagnosis and management of the metabolic syndrome: An American Heart Association/National Heart, Lung,
and Blood In-stitute scientific statement. Circulation 2005, 112, 2735–2752. [CrossRef] [PubMed]

17. Kim, M.K.; Lee, W.Y.; Kang, J.H.; Kang, J.H.; Kim, B.T.; Kim, S.M.; Kin, E.M.; Suh, S.H.; Shin, H.J.; Lee, K.R.; et al. Clinical practice
guidelines for overweight and obesity in Korea. Endocrinol. Metab. 2014, 29, 405–409. [CrossRef] [PubMed]

18. Oh, S.W.; Shin, S.A.; Yun, Y.H.; Yoo, T.; Huh, B.Y. Cut-off point of BMI and obesity-related comorbidities and mortality in
middle-aged Koreans. Obes. Res. 2004, 12, 2031–2340. [CrossRef]

19. Woo, S.M.; Jang, O.J.; Choi, H.K.; Lee, Y.R. Diagnostic availability and optimal cut off score of the Korea version of Alcohol
Use Disorder Identification Test (AUDIT-K), Alcohol Consumption Questions (AUDIT-C) and Question 3 Alone (AUDIT3) for
screening of hazardous drinking. J. Korean Acad. Addict. Psychiatry 2017, 21, 62–67. [CrossRef]

20. World Health Organization. Global Physical Activity Questionnaire (GPAQ) Analysis Guide (Version 2.0). 2019. Available online:
https://www.who.int/ncds/surveillance/steps/resources/GPAQ_Analysis_Guide.pdf (accessed on 20 May 2021).

21. UK Chief Medical Officers. UK Chief Medical Officers’ Physical Activity Guidelines. 2019. Available online: https:
//assets.publishing.service.gov.uk/government/uploads/system/uploads/attacment_data/file/832868/uk-chief-medical-
officers-physical-activity-guidelines.pdf (accessed on 20 May 2021).

22. Pérez-López, F.R.; Chedraui, P.; Gilbert, J.J.; Pérez-Roncero, G. Cardiocascular risk in menopausal women and prevalent related
co-morbid conditions: Facing the post-women’s health initiative era. Fertil. Steril. 2009, 92, 1171–1186. [CrossRef]

23. Tan, Y.Y.; Gast, G.C.M.; Schouw, Y.T. Gender differences in risk factors for coronary heart disease. Maturitas 2010, 65, 149–160.
[CrossRef]

24. Carr, M.C.; Brunzell, J.D. Abdominal obesity and dyslipidemia in the metabolic syndrome: Importance of type 2 diabetes and
familial combined hyperlipidemia in coronary artery disease risk. J. Clin. Endocrinol. Metab. 2004, 89, 2601–2607. [CrossRef]
[PubMed]

25. Tangvarasittichai, S.; Pongthaisong, S.; Meemark, S.; Tangvarasittichai, O. Abdominal obesity associated with elevated serum
Butyrylcholinesterase activity, insulin resistance and reduced high density lipoprotein-cholesterol levels. Indian J. Clin. Biochem.
2015, 30, 275–280. [CrossRef]

26. Ra, J.S.; Kim, S.O. Beneficial effects of breastfeeding on the prevention of metabolic syndrome among postmenopausal women.
Asian Nurs. Res. 2020, 14, 173–177. [CrossRef]

27. Ryu, M.; Ha, J.S.; Lee, S.; Baek, W.C.; Kimm, H.; Gym, H. Association of the Risk of Osteoarthritis and Hypertension in the Korean
Adult Population Aged 40–59 in Pre-and Postmenopausal Women: Using Korea National Health and Nutrition Examination
Survey 2012–2016 Data. Int. J. Hypertens. 2021, 2021, 1–7. [CrossRef] [PubMed]

28. Canoy, D.; Boekholdt, S.M.; Wareham, N.W.; Luben, R.; Welch, A.; Bingham, S.; Buchan, I.; Day, N.; Khaw, K.T. Body fat
distribution and risk of coronary heart disease in men and women in the European prospective investigation into cancer and
nutrition in Norfolk cohort. Circulation 2007, 116, 2933–2943. [CrossRef] [PubMed]

29. Cho, J.H.; Kim, H.L.; Kim, M.A.; Oh, S.; Kim, M.; Park, S.M.; Shim, W.J. Association between obesity type and obstructive
coronary artery disease in stable symptomatic postmenopausal women: Data from the KoRean wOmen’S chest pain rEgistry
(KoROSE). Menopause 2019, 26, 1272–1276. [CrossRef] [PubMed]

30. Hosseinpanah, F.; Barzin, M.; Sheikholeslami, F.; Azizi, F. Effect of different obesity phenotypes on cardiovascular events in
tehran lipid and glucose study. Am. J. Cardiol. 2011, 107, 412–416. [CrossRef] [PubMed]

http://doi.org/10.1161/CIRCULATIONAHA.105.169404
http://www.ncbi.nlm.nih.gov/pubmed/16157765
http://doi.org/10.3803/EnM.2014.29.4.405
http://www.ncbi.nlm.nih.gov/pubmed/25559568
http://doi.org/10.1038/oby.2004.254
http://doi.org/10.37122/kaap.2017.21.2.62
https://www.who.int/ncds/surveillance/steps/resources/GPAQ_Analysis_Guide.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attacment_data/file/832868/uk-chief-medical-officers-physical-activity-guidelines.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attacment_data/file/832868/uk-chief-medical-officers-physical-activity-guidelines.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attacment_data/file/832868/uk-chief-medical-officers-physical-activity-guidelines.pdf
http://doi.org/10.1016/j.fertnstert.2009.06.032
http://doi.org/10.1016/j.maturitas.2009.09.023
http://doi.org/10.1210/jc.2004-0432
http://www.ncbi.nlm.nih.gov/pubmed/15181030
http://doi.org/10.1007/s12291-014-0443-3
http://doi.org/10.1016/j.anr.2020.07.003
http://doi.org/10.1155/2021/8065838
http://www.ncbi.nlm.nih.gov/pubmed/33708440
http://doi.org/10.1161/CIRCULATIONAHA.106.673756
http://www.ncbi.nlm.nih.gov/pubmed/18071080
http://doi.org/10.1097/GME.0000000000001392
http://www.ncbi.nlm.nih.gov/pubmed/31688574
http://doi.org/10.1016/j.amjcard.2010.09.034
http://www.ncbi.nlm.nih.gov/pubmed/21257007

	Introduction 
	Materials and Methods 
	Study Design and Samples 
	Measurements 
	Outcome Variable 
	Independent Variable 
	Covariates 

	Ethical Consideration 
	Statistical Analysis 

	Results 
	Characteristics of Cardiovascular Diseases, Metabolic Abnormalities, Adiposity, and Covariates among Participants 
	Combined Effects of Metabolic Abnormalities and Obesity among Korean Postmenopausal Women 

	Discussion 
	Conclusions 
	References

