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Purpose: This study aimed to examine the effects of health-related behaviors on metabolically healthy non-obese
or obese groups and to analyze gender differences. Methods: This study was a secondary descriptive study. A total
of 14,277 adults from the Korea National Health and Nutrition Examination Survey 2013~2015 were classified as:
metabolically healthy non-obese; metabolically unhealthy non-obese; metabolically healthy obese; or metabolically
unhealthy obese. Five health-related behaviors (amount of alcohol consumption, smoking status, physical activity,
daily energy intake, and sleep duration) were included as independent variables. Results: The health-related
behaviors associated with metabolic status in non-obese participants were drinking and smoking, whereas those
of obese individuals were associated with physical activity. Subgroup analysis showed that more metabolically
healthy non-obese men were light drinkers and former smokers than metabolically unhealthy non-obese men.
Metabolically healthy non-obese women were more likely to engage in physical activity than metabolically unhealthy
non-obese women. Among the obese men, light drinking and physical activity were associated with metabolic status.
Conclusion: Evidence-based interventions promoting health-related behaviors are needed to support metabolic
health, considering the metabolic status and obesity phenotypes of the participants and their gender.
Key Words: Health behavior; Metabolic syndrome; Obesity; Sex

INTRODUCTION
Obesity is a major public health concern. It is one of the
leading causes of cardiovascular disease, diabetes, and
some cancers, and its prevalence among adults is rapidly
growing globally [1]. However, recent studies found that
neither cardiovascular mortality [2] nor all-cause mortality [3] increased in a Metabolically Healthy Obese (MHO)
group when compared with a Metabolically Healthy Nonobese (MHNO) group, while a Metabolically Unhealthy
Non-obese (MUNO) or Metabolically Unhealthy Obese
(MUO) group had a higher risk.
Health-related behaviors, such as alcohol consumption,
smoking [4], physical activity, caloric intake [5], and sleeping duration [6] are the most important factors in the pre-

vention and management of metabolic syndrome because
they affect visceral fat. Thus, health-related behaviors by
the four metabolic status-obesity phenotypes might significantly influence and differentiate the prognosis of each
group. However, few studies have investigated the differences in health-related behaviors among all metabolic
statuses and obesity phenotypes, and results have been
inconsistent. For example, physical activity [7], healthy diet [8], less alcohol consumption, and noncurrent smoking
[9] have been found to be related to MHO rather than
MUO. However, some studies have found that healthrelated behaviors are not associated with metabolically
healthy phenotypes [10], and unhealthy behaviors such as
smoking have also been observed in metabolically healthy
groups [11]. In addition, almost no studies have made gen-
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der distinctions, even though the patterns of health-related behaviors between men and women were different.
For example, the smoking rate in men was reported more
than five times higher than that in women [12]. This gender difference in health-related behaviors might affect
metabolic status and obesity phenotypes. As shown in the
application of different cut-off points for diagnosing metabolic syndrome in men and women [13], the characteristics of metabolic status are different. Therefore, it is necessary to analyze the health-related behaviors affecting
the MHNO or MHO groups, which have a better prognosis than the MUNO or MUO groups, and further examine gender-specific characteristics. The aims of this study
were 1) to examine whether health-related behaviors were
associated with the MHNO or MHO groups, compared
with the MUNO or MUO groups, and 2) to identify any
gender differences in the relationship between health-related behaviors affecting metabolic status and obesity
phenotypes.

METHODS
1. Study Design
This study was a secondary data analysis using data
from the 6th Korea National Health and Nutrition Examination Survey (KNHANES VI).

2. Setting and Samples
We analyzed data from KNHANES VI, which were collected between 2013 and 2015. KNHANES VI is a population-based national survey on health and nutritional
status conducted by the Korea Disease Control and Prevention Agency (KDCA) every three years. KNHANES VI
used a cross-sectional stratified multistage cluster sample
survey method. After the first extraction using the census,
the target population was selected by extracting households. The investigator visited participants in person on a
mobile screening vehicle, and a computer-assisted personal interviewing method was used [14].
In KNHANES VI, 22,948 participants were recruited
from 9,491 households. In our study, we included only
15,397 adults aged ≥19 years for whom there were no
missing values for metabolic measurements and Body
Mass Index (BMI). From this sample, we excluded 1,120
participants: 44 pregnant women who had specific guidelines for obesity depending on the stage of pregnancy
and 1,076 participants with cancer, myocardial infarction,
stroke, liver cirrhosis, or renal failure diagnoses because
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these individuals might be undergoing therapeutic lifestyle modification [15]. Finally, 14,277 adults from the
KNHANES VI were included in this study (Figure 1).

3. Ethical Considerations
The study protocols were approved by the institutional
review board of Yonsei University Health System (IRB No.
Y-2018-0079) before the study began. As KNHANES VI
provides anonymized data based on the Personal Information Protection Law, it is not feasible to identify a specific person, and therefore informed consent was not required.

4. Measurements
1) Dependent variables
Participants were classified into four groups according
to obesity and metabolic status: MHNO, MUNO, MHO,
and MUO. Obesity was defined according to BMI based
on the Korean Society for the Study of Obesity (KSSO)
guidelines of ≥25 kg/m2, indicating obesity [16]. It is necessary to use strict BMI cut-off points for obesity in Asians
because Asians have a higher risk of cardiovascular disease than Westerners [17]. Metabolic status was classified
using the modified National Cholesterol Education Program Third Adult Treatment Panel (NCEP-ATP-III)[13].
For waist circumference, we followed the criteria from the
KSSO [16]. Following the modified NCEP-ATP III, we defined metabolic abnormalities as a high waist circumference (>90 cm for men and >85 cm for women), impaired fasting glucose (≥100 mg/dL), hypertriglyceridemia (≥150 mg/dL), low High Density Lipoprotein
(HDL) cholesterol (<40 mg/dL for men and <50 mg/dL
for women), and elevated blood pressure (systolic ≥130
mmHg or diastolic ≥85 mmHg). A metabolically healthy
status was defined as having fewer than three abnormal
factors, while a metabolically unhealthy status was defined
as having three or more abnormal factors.
Based on these definitions, participants were divided
into (i) MHNO: BMI <25 kg/m2 and <3 metabolic abnormalities; (ii) MUNO: BMI <25 kg/m2 and ≥3 metabolic
abnormalities; (iii) MHO: BMI ≥25 kg/m2 and <3 metabolic abnormalities; and (iv) MUO: BMI ≥25 kg/m2 and
≥3 metabolic abnormalities.
2) Independent variables
We included the amount of alcohol consumption,
smoking status, physical activity, daily energy intake, and
sleep duration as health-related behavioral variables. The
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KNHANES VI (2013~2015)
(n=22,948)
＜Excluded＞

Age＜19 years (n=4,914)

Missing data (n=2,637)
- Body mass index
- Waist circumference
- Fasting glucose
- HDL cholesterol
- Blood pressure
n=15,397
＜Excluded＞

Pregnant (n=44)

Diagnosed with critical illness (n=1,076)
- Cancer
- Myocardial infarction
- Stroke
- Liver cirrhosis
- Renal failure
n=14,277

HDL=high density lipoprotein; KNHANES=Korea National Health and Nutrition Examination Survey.

Figure 1. Flow sheet of exclusion criteria.

amount of alcohol consumed was divided into two groups,
based on the total volume of alcohol consumed in one
drinking session: 40 g alcohol or above and less than 40 g
alcohol [18]. Smoking status was categorized as current
smoker, former smoker, or never smoker. Physical activity
was defined as moderate-intensity physical activity performed for at least 150 min per week or high-intensity
physical activity performed for at least 75 min per week
[19]. Daily energy intake was classified as insufficient energy intake and excess energy intake, based on the recommended levels of energy intake by Ministry of Health and
Welfare, Korea [20]: for men, aged 19~29=2,700 Kcal, aged
30~49=2,400 Kcal, aged 50~64=2,200 Kcal, aged 65 or older=2,000 Kcal; for women, aged 19~29=2,100 Kcal, aged
30~49=1,900 Kcal, aged 50~64=1,800 Kcal, aged 65 or older=1,600 Kcal. Sleep duration was assessed using the
question “How many hours per day do you sleep on average?” We classified answers into two groups: sleeping less
than seven hours and seven hours or more per day [6].
3) Covariates
Demographic and socioeconomic covariates included
gender, age, level of education, level of income, and type

of work shift. The level of education was defined as a categorical variable: high school education or less and college
education or above. The level of income was divided into
three groups based on individual income: high for the first
quartile, medium for the second and third quartiles, and
low for the fourth quartile. Finally, shift work was categorized into three groups: day work, night work, and shift
work.

5. Data Collection
1) Health and nutrition survey
The health and nutrition survey was a self-reported
questionnaire including socioeconomic characteristics, current health conditions, and health-related behaviors such
as drinking, smoking, physical activity, energy intake, and
sleeping.
2) Clinical examination
Clinical examinations, including medical and physiological measurements, were performed by trained personnel according to standardized guidelines [14]. BMI was
calculated as weight in kilograms (GL-6000-20, Gtech
Korean J Adult Nurs. 2022;34(2):149-157
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International, Gyeonggi-do, Korea) divided by the square
of height in meters (Seca 225, Seca, Hamburg, Germany).
Waist circumference was measured between the bottom of
the lowest rib and top of the iliac crest (Seca 200). Blood
pressure was measured by KDCA nurses thrice using a
Baumanometer Wall Unit 33 (WA Baum, NY, USA). For
the analyses, we used the mean values of the last two
measurements. Blood samples were collected after at least
eight hours of fasting for fasting glucose, triglyceride, and
HDL cholesterol measurements.

6. Data Analysis
Since the KNHANES extracted samples using a complex sample survey design, sample weights, strata, and
clusters were applied to all analyses. Data were described
as frequencies with percentages or means with Standard
Errors (SE) to consider the participants as representative of
the population after adjustments for the 2013~2015 weights
data. Individual characteristics and health-related behaviors were compared between the MHNO and MUNO, and
between MHO and MUO individuals, using the weighted
x2 test or independent t-test.
In dichotomizing participants into obese and non-obese
groups, complex sample multiple logistic regression was
performed to estimate the Odds Ratios (ORs) for the associations between health-related behaviors and metabolic
status. The following socioeconomic factors related to
metabolic status were included in the adjusted analysis:
gender, age, level of education, level of income, and work
shift. Additionally, we analyzed the relationship between
metabolic status and health-related behavior by gender to
identify potential differences. All analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS
1. Participants’ Characteristics according to Metabolic
Status-Obesity Phenotype
Table 1 shows participants’ characteristics according to
their metabolic and obesity status. Of the 14,277 participants, 60.4% were classified as MHNO (n=8,426; weighted n=21,071,102), 6.9% were MUNO (n=1,150; weighted
n=2,391,386), 17.8% were MHO (n=2,460; weighted
n=6,195,164), and 14.9% were MUO (n=2,241; weighted
n=5,214,178). In both the non-obese and obese groups,
participants identified as metabolically healthy were significantly younger and had more than a college-level education. Compared with the MUNO group, the MHNO
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group had more women, fewer participants with a high
level of income, and fewer day workers.
In the MHNO and MHO groups, there were fewer current smokers and more participants with adequate amounts
of physical activity and excess energy than in the MUNO
and MUO groups, respectively. MHNO participants, as
compared to MUNO participants, had a greater likelihood
to sleep more than 7 hours a day (Table 1).

2. Association between Metabolic Status and HealthRelated Behaviors
In both the non-obese and obese groups, the odds ratio
of being metabolically healthy were higher in younger
individuals. Among the non-obese groups, women were
more likely to have MHNO status than men. Socioeconomic factors were not significantly associated with metabolic status in multivariate logistic regression analysis.
Among non-obese adults, the odds ratio of being
MHNO increased 1.79 times (95% Confidence Interval [CI]
1.35~2.37) in those who engaged in light drinking, and
1.59 times (95% CI 1.08~2.34) in former smokers. Among
obese adults, the odds ratio of being MHO was 1.32 times
(95% CI 1.09~1.68) higher when engaging in physical activity (Table 2).

3. Association between Metabolic Status and HealthRelated Behaviors by Gender
The results among men were similar to the general results: among non-obese men, drinking less alcohol (OR
1.90, 95% CI 1.36~2.66) and being a former smoker (OR
1.47, 95% CI 1.00~2.16) were associated with increased
odds of being MHNO; among obese men, participants
who drank less alcohol had 1.52 times (95% CI 1.13~2.03)
higher odds of being MHO, while those who engaged in
adequate amounts of physical activity had 1.61 times higher odds (95% CI 1.22~2.12) of being MHO (Table 3).
Among non-obese women, physical activity was positively associated with metabolic health (OR 1.70, 95% CI
1.13~2.54). However, we found no statistically significant
association between health-related behaviors and the
MHO phenotype among obese women.

DISCUSSION
This study revealed that different health-related behaviors were associated with MHNO or MHO phenotypes,
compared with MUNO or MUO phenotypes in the general
population. Specifically, light alcohol consumption and
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Table 1. Participants' Characteristics according to Metabolic Status-Obesity Phenotype

Variables

Categories

Age (year)

MHNO
(n=8,426)

MUNO
(n=1,150)

n (%) or
M±SE

n (%) or
M±SE

42.35±0.24

56.63±0.53

(N=14,277)
MHO
(n=2,460)

MUO
(n=2,241)

n (%) or
M±SE

n (%) or
M±SE

56.62
(＜.001)

43.87±0.35

50.25±0.36

50.25
(＜.001)

x2 or t (p)

x2 or t (p)

Gender

Men

3,303 (45.1)

530 (54.4)

30.05
(＜.001)

1,233 (58.7)

1,151 (61.0)

2.43
(.136)

Education†
(n=13,115)

≤High school
≥College

4,048 (45.4)
3,773 (54.6)

818 (74.3)
221 (25.7)

263.83
(＜.001)

1,291 (50.5)
945 (49.5)

1,411 (61.8)
608 (38.2)

55.12
(＜.001)

Level of income†
(n=14,182)

High
Medium
Low

1,902 (23.5)
4,215 (50.2)
2,251 (26.3)

306 (27.0)
580 (50.2)
256 (22.8)

8.56
(.030)

592 (24.6)
1,277 (52.0)
578 (23.4)

595 (26.4)
1,132 (51.1)
498 (22.5)

2.10
(.485)

Type of work shift†
(n=9,187)

Day work
Night work
Shift work

4,521 (80.0)
753 (14.7)
275 (5.3)

530 (87.7)
56 (8.6)
26 (3.7)

18.75
(＜.001)

1,366 (81.5)
183 (12.8)
97 (5.7)

1,178 (84.3)
132 (10.3)
70 (5.4)

4.70
(.197)

Amount of drinking†
(n=13,547)

≥40 g/session alcohol
＜40 g/session alcohol

2,246 (33.6)
5,803 (66.4)

288 (34.6)
791 (65.4)

0.42
(.551)

786 (40.6)
1,531 (59.4)

740 (42.2)
1,362 (57.8)

1.17
(.398)

Smoking status†
(n=13,532)

Current smoker
Former smoker
Never smoker

1,443 (21.2)
1,421 (17.5)
5,176 (61.3)

260 (30.8)
208 (20.5)
608 (48.7)

59.35
(＜.001)

508 (27.2)
491 (20.9)
1,317 (51.9)

499 (30.0)
478 (23.6)
1,123 (46.4)

13.58
(.009)

Physical activity†
(n=8,535)

Inadequate amount of
physical activity
Adequate amount of
physical activity

2,379 (43.8)

404 (53.6)

20.49
(＜.001)

631 (39.4)

751 (51.8)

2,684 (56.2)

294 (46.4)

788 (60.6)

604 (48.2)

Daily energy intake†
(n=14,004)

Insufficient energy intake
Excess energy intake

6,051 (71.0)
2,198 (29.0)

952 (80.4)
183 (19.6)

38.00
(＜.001)

1,728 (68.2)
695 (31.8)

1,675 (72.3)
522 (27.7)

9.41
(.009)

Average sleep
duration/day†
(n=13,533)

＜7 hours/day
≥7 hours/day

3,430 (40.9)
4,612 (59.1)

490 (45.7)
588 (54.3)

7.67
(.012)

1,099 (46.6)
1,217 (53.4)

994 (47.0)
1,103 (53.0)

0.07
(.815)

42.85
(＜.001)

M=mean; MHNO=metabolically healthy non-obese; MHO=metabolically healthy obese; MUNO=metabolically unhealthy non-obese;
MUO=metabolically unhealthy obese; SE=standard error; †Excluded due to missing values. Note. weighted percentages.

former smoking were associated with metabolic health
among the non-obese group, while only adequate physical
activity was associated with metabolic health among the
obese group. These findings were consistent with those of
previous studies that identified health-related behaviors
between metabolic status and obesity phenotypes [9,21]. A
study conducted in a Korean tertiary medical center reported that the proportion of current smokers and moderate drinkers was significantly lower in the MHNO and
MHO groups than in the MUNO and MUO groups. The
ratio of physical activity was higher in the MHO group
than in the MUO group [9]. In a Spanish study, heavy
drinking, former or current smoking, and a lack of physical activity were factors that increased the odds ratios of
being classified as metabolically unhealthy phenotypes
[21].

One possible explanation for these results is related to
the Visceral Adiposity Index (VAI), a widely used indicator of adipose tissue dysfunction [22]. The level of VAI
rises when metabolic health is impaired [22], and it has also been found that MHO participants with high VAI were
more likely to convert to MUO after a few years [9]. Since
alcohol consumption and smoking are significant factors
that increase VAI [23], and physical activity lowers VAI
[24], it could be considered that these health-related behaviors were related to metabolically healthy phenotypes,
compared with metabolically unhealthy phenotypes.
Daily energy intake and sleep duration had no significant
effect on metabolic health in either the obese or non-obese
group. Similarly, there was no difference in energy intake
between the MHO and MUO groups in an Irish study [25].
This might be because the glucose and insulin responses of
Korean J Adult Nurs. 2022;34(2):149-157
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Table 2. Association between Metabolic Status and Health-Related Behaviors
MHNO vs. MUNO

MHO vs. MUO

OR (95% CI)

OR (95% CI)

1.78 (1.18~2.68)

1.18 (0.86~1.62)

0.94 (0.93~0.95)

0.97 (0.96~0.98)

≤High school (ref.)
≥College

1.19 (0.86~1.64)

1.02 (0.80~1.32)

Low (ref.)
Medium
High

0.80 (0.57~1.12)
0.85 (0.58~1.24)

1.32 (0.99~1.75)
1.04 (0.75~1.44)

Night work (ref.)
Shift work
Day work

1.71 (0.81~3.58)
0.92 (0.60~1.43)

1.18 (0.64~2.20)

≥40 g/session alcohol (ref.)
＜40 g/session alcohol

1.79 (1.35~2.37)

1.29 (0.99~1.68)

Current smoker (ref.)
Former smoker
Never smoker

1.59 (1.08~2.34)
1.35 (0.88~2.05)

1.22 (0.89~1.66)
1.32 (0.94~1.85)

Inadequate amount of physical activity (ref.)
Adequate amount of physical activity

1.16 (0.88~1.52)

1.32 (1.09~1.68)

Insufficient energy intake (ref.)
Excess energy intake

0.93 (0.68~1.29)

0.94 (0.74~1.20)

＜7 hours/day (ref.)
≥7 hours/day

0.96 (0.75~1.24)

0.93 (0.75~1.16)

Variables

Categories

Gender

Men (ref.)
Women

Age (year)
Education
Level of income

Type of work shift

Amount of drinking
Smoking status

Physical activity
Daily energy intake
Average sleep duration/day

CI=confidence interval; MHNO=metabolically healthy non-obese; MHO=metabolically healthy obese; MUNO=metabolically unhealthy
non-obese; MUO=metabolically unhealthy obese; OR=odds ratio; ref.=reference.
Note. reference groups: MUNO (MHNO vs. MUNO), MUO (MHO vs. MUO).

the MUO group were lower than those of the MHO group,
even though the MHO and MUO groups consumed the
same standardized diet [26]. Regarding sleep, a large crosssectional study found no significant relationship between
sleep duration and MHO phenotype [27]. However, since
there are extremely few studies on the correlation between
energy intake, sleep duration, and metabolic status among
non-obese and obese groups, further studies are needed to
improve our understanding.
In this study, there were gender differences in health-related behaviors affecting the expression of the MHNO or
MHO phenotypes. Among men, a lower amount of alcohol consumption and former smoking were correlated
with MHNO as opposed to MUNO, while lighter drinking
and physical activity were associated with MHO as opposed to MUO. Among women, those who underwent adequate amounts of physical activity had higher odds of being in the MHNO phenotype than the MUNO group. In
contrast, there was no significant association between
health-related behaviors and MUO phenotype in obese
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women. Alcohol consumption and smoking status were
related to metabolic health only in men. According to a
previous study, co-smokers and drinkers showed higher
VAI than non-drinking smokers [23]. Therefore, among
men with a high rate of heavy drinking and smoking, alcohol consumption and smoking status had a greater effect
on metabolic state. However, weight gain after smoking
cessation [28] might have offset the positive effects of
smoking cessation in obese men. Physical activity was also
a significant determinant of metabolic status in obese men
and non-obese women. This might have been related to
the fact that moderate to vigorous physical activity decremented a larger amount of visceral adipose tissue in women than in men [29].
Unexpectedly, no health-related behaviors were significantly correlated with the metabolic status of obese
women. Similar results were found in a Taiwanese crosssectional study, in which none of the lifestyles and dietary
habits, apart from dairy consumption, was associated
with metabolic status in women [30]. This may be related
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Table 3. Association between Metabolic Status and Health-Related Behaviors by Gender
MHNO vs. MUNO
Variables

Categories

MHO vs. MUO

Men (n=3,833)

Women (n=5,743)

Men (n=2,384)

Women (n=2,317)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

0.95 (0.94~0.97)

0.92 (0.90~0.94)

0.97 (0.96~0.99)

0.96 (0.94~0.97)

≤High school (ref.)
≥College

1.07 (0.72~1.59)

1.71 (0.86~3.41)

1.10 (0.80~1.51)

0.92 (0.58~1.46)

Level of
income

Low (ref.)
Medium
High

0.75 (0.49~1.15)
0.84 (0.52~1.38)

0.98 (0.59~1.63)
0.82 (0.45~1.47)

1.64 (1.16~2.30)
1.30 (0.85~1.98)

0.82 (0.50~1.32)
0.66 (0.39~1.11)

Type of
work shift

Night work (ref.)
Shift work
Day work

1.57 (0.65~3.81)
0.78 (0.45~1.35)

1.47 (0.45~4.80)
1.23 (0.66~2.30)

1.26 (0.63~2.54)
0.96 (0.58~1.59)

0.86 (0.29~2.49)
0.87 (0.47~1.61)

Amount of
drinking

≥40 g/session alcohol (ref.)
＜40 g/session alcohol

1.90 (1.36~2.66)

1.14 (0.58~2.22)

1.52 (1.13~2.03)

0.72 (0.42~1.22)

Smoking
status

Current smoker (ref.)
Former smoker
Never smoker

1.47 (1.00~2.16)
1.67 (0.99~2.84)

1.82 (0.29~11.23)
0.74 (0.24~2.28)

1.13 (0.81~1.57)
1.18 (0.80~1.74)

1.31 (0.46~3.70)
1.98 (0.97~4.06)

Physical
activity

Inadequate amount of
physical activity (ref.)
Adequate amount of
physical activity

0.98 (0.70~1.38)

1.70 (1.13~2.54)

1.61 (1.22~2.12)

0.96 (0.69~1.35)

Age (year)
Education

Daily energy
intake

Insufficient energy intake (ref.)
Excess energy intake

1.02 (0.69~1.50)

0.74 (0.45~1.23)

0.95 (0.70~1.28)

0.93 (0.63~1.39)

Average sleep
duration/day

＜7 hours/day (ref.)
≥7 hours/day

0.97 (0.71~1.33)

0.85 (0.57~1.28)

0.95 (0.73~1.24)

0.84 (0.57~1.21)

CI=confidence interval; MHNO=metabolically healthy non-obese; MHO=metabolically healthy obese; MUNO=metabolically unhealthy
non-obese; MUO=metabolically unhealthy obese; OR=odds ratio; ref=reference.
Note. reference groups: MUNO (MHNO vs. MUNO), MUO (MHO vs. MUO).

to oxytocin deficiency, which is a typical characteristic
among obese women. Oxytocin deficiency causes metabolic impairments, such as increased insulin resistance
and increased low density lipoprotein levels [31]. However, we did not consider the hormonal profiles of the women in our study because of the limitations of KNHANES
VI variables. Managing metabolic syndrome in obese women might require treatment that considers the hormonal
profile instead of simple behavioral treatment.
Although a previous study reported that shift workers
had an increased risk of metabolic syndrome [32], shift
work did not affect metabolic status in this study. Deng et
al.[32] hypothesized that shift work increases the risk of
metabolic syndrome due to sleep deprivation; however,
Korea has unique working conditions due to fierce competition. The average annual working time in Korea is 2,024
hours per worker, the third highest among the Organization
for Economic Co-operation and Development countries [33].
Due to overwork, most Koreans regularly engage in over-

time at night, which might explain why shift work is not
associated with metabolic status. Further research is needed to identify socioeconomic factors associated with metabolic status and obesity phenotypes in Korea.
There were several limitations to this study that must be
considered when interpreting our findings. The design of
the KNHANES VI was cross-sectional, and we were unable to prove causal relationships between the variables.
Additionally, unhealthy behaviors could have been under-reported because data were based on self-reporting.
Finally, potential covariates, such as hormonal profiles,
were not available in the KNHANES VI. Despite these limitations, this study used a representative population-based
survey of the Korean population. Thus, it is possible to estimate the association between health-related behaviors of
Korean adults and their metabolic status and obesity. Our
findings indicate that light alcohol consumption, smoking
cessation, and adequate physical activity have a positive
effect on the expression of metabolically healthy pheno-
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types. However, the current metabolic guidelines published by the KSSO only introduced dietary intervention,
physical activity, and weight loss as lifestyles for the prevention and treatment of metabolic syndrome [16]. The
importance of consuming less alcohol and smoking cessation should also be emphasized. In addition, nurses should
emphasize the importance of reducing alcohol consumption, smoking cessation, and physical activity when providing metabolic health education for Korean adults.

mortality risk in NHANES III. Clinical Nutrition. 2019;38(2):
820-8. https://doi.org/10.1016/j.clnu.2018.02.025
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5. Takahara M, Shimomura I. Metabolic syndrome and lifestyle
modification. Reviews in Endocrine and Metabolic Disorders.
2014;15(4):317-27. https://doi.org/10.1007/s11154-014-9294-8

CONCLUSION
Health-related behaviors were associated with different
types of metabolic status-obesity phenotypes and differed
by gender. Evidence-based interventions promoting lifestyle modifications are needed to support metabolic health.
In particular, nurse-led interventions tailored by gender
and metabolic status-obesity phenotype would be beneficial. For instance, promotion of a low-risk drinking culture
or a program for smoking cessation may be beneficial for
men. In addition, for those who practice smoking cessation, a weight gain prevention program may be needed.
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