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[Purpose] This study analyzed data from the 7" Korean
National Health and Nutrition Examination Survey
(2016-2018) to compare the differences in energy
intake and physical activity (PA) levels in middle-aged
Korean men aged 40-59 years according to household
type and the presence of metabolic syndrome (MetS).

[Methods] Data from 2,266 young adults (aged >39
years and <60 years) were obtained from the KN-
HANES. We analyzed the differences in energy intake
and PA levels according to household type and MetS.
The presence or absence of MetS was determined by
measuring waist circumference, blood pressure, fasting
blood glucose, triglyceride, and HDL-C levels.

[Results] Regarding total nutritional intake, no relation-
ship with MetS was observed regardless of household
type (interaction between MetS and household type:
p = 0.875). No differences in total PA were observed
between multiple- and single-person households (inter-
action between MetS and household type: p = 0.122).
The relationship between MetS and MetS components
according to nutritional intake showed that participants
with a higher energy intake had a 27% lower preva-
lence of low high-density lipoprotein cholesterol (HDL-C)
(p < 0.05) and a 36% higher prevalence of high blood
pressure (p < 0.01). The relationship between MetS
and MetS components according to the PA level
showed significantly reduced prevalence of MetS by
approximately 39%, 35%, and 43% (p < 0.01, 0.01,
and 0.001) in subjects who were somewhat active,
active, and very active, respectively, compared to inac-
tivity.

[Conclusion] Middle-aged men showed no difference
in nutritional intake and PA between multiple- and sin-
gle-person households. However, the risk of MetS was
significantly higher in participants with approximately
1.5 times the energy intake compared to the group
with the lowest energy intake. Moreover, higher levels
of PA had a marked positive effect on the risk factors
and prevalence of MetS. Therefore, we suggest that
reducing the total energy intake and increasing total PA
are important for preventing MetS in middle-aged men
regardless of household type.

[Keywords] male, adults, metabolic syndrome, energy
intake, physical activity, household type
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INTRODUCTION

In modern society, rapid economic growth and advances in science
and technology have led to increased income and quality of life, along
with a rapid increase in life expectancy. However, the advent of the con-
venience of an automated lifestyle has led to decreased physical activity
(PA) and increased problems with excessive nutritional intake due to a
Westernized lifestyle continue to occur. Compared to other age groups,
middle-aged men report high levels of stress, drinking, and smoking, all
of which are risk factors for metabolic syndrome (MetS) and lack of ex-
ercise’.

MetS refers to the combination of the risk factors for cardiovascular
disease and diabetes and is diagnosed as the combined presence of three
or more of abdominal obesity, hypertriglyceridemia, low high-density li-
poprotein (HDL)-cholesterol, high blood pressure, and blood sugar disor-
der. The major factors that increase the risk for MetS, which is the main
cause of chronic diseases, are closely related to an increased incidence of
obesity due to increased dietary intake and sedentary behavior?® In turn,
the main cause of obesity is imbalanced energy intake and consumption;
that is, excessive energy intake due to improper eating habits and de-
creased energy consumption due to lack of PA, although it may also be
caused by metabolic problems or genetic factors*.

The number of single-person households is increasing rapidly world-
wide due to the recent increase in divorce rates, changes in the view
of marriage in younger generations, and economic poverty. In Korea,
the number of single-person households as of 2019 was 6.15 million or
30.2% of the total households, making it the most typical type of house-
hold®. A study on the trends in household composition by age group from
2005 to 2015 based on population and housing census data reported a
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relatively high increase in single-person households among
middle-aged men in their 40s and 50s compared to that in
the young and elderly populations®. Moreover, compared
to multiple-person households, single-person households
are approximately two-fold more likely to lack nutritional
intake based on the level recommended for Koreans” and
higher health-related risks due to a lack of PA®. In addition,
a recent study of single-person households in Korea showed
a higher risk of MetS in single-person households than in
multiple-person households due to poorer health-related life
habits®. Despite these findings, few studies have assessed
the relationship between energy intake and PA level and
MetS in single- and multiple-person households, and even
fewer studies have been conducted in middle-aged men
with a high risk of MetS. Furthermore, most of the stud-
ies on MetS, nutritional intake, and PA level according to
household type have focused on the elderly population'®12,
suggesting the need for more research in middle-aged men
with a high risk of MetS.

Therefore, this study analyzed data from the 7" Korean
National Health and Nutrition Examination Survey (KN-
HANES) (2016-2018) to compare the differences in energy
intake and PA levels in middle-aged Korean men aged 40-
59 years according to household type and the presence of
MetS to elucidate their relationships.

METHODS

Sample and Design

This study used cross-sectional data from the KNHANES
2016-2018 conducted by the Korea Centers for Disease
Control and Prevention (KCDC). The details of the study
design and data resource profiles followed the methods in
the Guidelines for Use of the KNHANES Raw Data and
the Final Report of the sampling frame'. The KNHANES
consists of a health interview survey, a nutrition survey, and
a health examination, and was conducted according to the
principles of the Declaration of Helsinki. This survey was
approved by the Institutional Review Board of the Korea
Centers for Disease Control and Prevention (reference num-
ber: 2018-01-03-P-A). All participants signed an informed
consent form. Between 2016 and 2018, 24,269 individuals
completed a health interview survey, nutrition survey, and
health examination. Among them, 17,020 participants aged
<39 or >60 years were excluded and 7,249 aged between 40
and 59 years remained. A total of 4,056 middle-aged women

Table 1. Participant characteristics by household type.
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The Korean National Health and Nutrition
Examination Survey (KNHANES) from 2016 to 2018
(n=24,269)

Excluded: <39 or > 60 years of age
(n=17,020)

Participants aged 40~59 years
(n=7,249)

Excluded: Female participants
(n=4,056)

Middle-aged male participants
(n=3,193)

Excluded: Participants preciously diagnosed with
and/ or treated for cancer and participants with
missing data

(0=927)

Final number of Participants
(n=2,266)

were excluded. Finally, 3,193 participants were included.
Participants previously diagnosed with cancer (gastric, liver,
colon, breast, cervical, lung, thyroid, and other cancers) and
those with missing data (anthropometric, health examina-
tion, and PA) were excluded (Figure 1). Thus, this study
included 2,266 middle-aged adults.

Measures

The presence or absence of MetS was determined by
measuring waist circumference, blood pressure, fasting
blood glucose levels, triglyceride levels, and HDL-C lev-
els. PA variables were evaluated using the Global Physical
Activity Questionnaire (GPAQ), and PA was expressed in
metabolic equivalents (MET)-minutes/week. Nutrient intake
was also assessed. The characteristics of the participants ac-
cording to the household are shown in Table 1.

Age (years) 49.4+0.2 49.7+0.2 0.276 49.4+0.2 49.7+0.2 0.323 49.3+0.5 49.7+0.7 0.615
Height (cm) 170.7¢0.2  171.5+0.2 0.006 170.8+0.2 171.5+0.2 0.018  169.3x0.6  171.0£0.8 0.090
Body weight (kg)  69.0£0.3 78.2+0.4 <0.001 69.3+0.3 78.3+0.4 <0.001  65.8%0.7 77.2+1.6 <0.001
BMI (kg/m?) 23.7+0.1 26.6+0.1 <0.001 23.7+0.1 26.6+0.1 <0.001 23.0£0.2 26.4+0.5 <0.001
MetS (%) 65.0+1.2 35.0¢1.2 <0.001 64.7+1.3 SHISHIES) <0.001  68.7£3.8 31.3+3.8 <0.001

Data are expressed as the mean * standard error. MetS, metabolic syndrome; BMI, body mass index.
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Energy Intake

The nutrition survey of the KNHANES consisted of a
survey of dietary habits, one-day 24 h recall, and a food
frequency questionnaire. The nutrition survey data were
collected by trained dietitians in the participants’ homes
one week after the health interview and health examination.
Daily energy intake was calculated using the Korean Foods
and Nutrients Database of the Rural Development Admin-
istration. The analyses included the following items: total
energy intake, carbohydrate intake, protein intake, and fat
intake. Energy intake was categorized by dividing the ratio
by the estimated energy requirement (EER). Values <20%
of the EER (<0.8) were considered lower intake, while val-
ues above 1.2 were considered high intake.

PA

The GPAQ comprises 16 questions grouped to capture
PA performed in different behavioral domains, namely,
work, transport, and discretionary (leisure or recreational)
activities. It analyzes five domains of PA: vigorous-intensity
work, moderate-intensity work, place movement, vigor-
ous-intensity recreation, and moderate-intensity recreation.
The World Health Organization (WHO) GPAQ analysis
guidelines were used to analyze GPAQ data'. We estimated
that, compared to sitting quietly, an individual’s caloric con-
sumption was four and eight times higher while moderately
and vigorously active, respectively. Therefore, when calcu-
lating the total energy consumption of an individual using
GPAQ data, four and eight METs were allocated to the time
spent in moderate and vigorous activity, respectively, de-
fined as follows:

* Vigorous-intensity activity: occupational (MET) = 8.0

x vigorous-intensity PA (day/week) x one-day vigor-
ous-intensity PA (min/day)

* Moderate-intensity activity: occupational (MET) = 4.0

x moderate-intensity PA (day/week) % one-day moder-
ate-intensity PA (min/day)

* Vigorous-intensity activity: recreational (MET) = 8.0

x vigorous-intensity PA (day/week) x one-day vigor-
ous-intensity physical activity (min/day)

* Moderate-intensity activity: recreational (MET) = 4.0

x moderate-intensity PA (day/week) X one-day moder-
ate-intensity PA (min/day)
* Place movement (MET) = 4.0 x place movement PA
(day/week) x one-day place movement PA

+ Total PA (MET) = vigorous-intensity activity: occu-
pational + moderate-intensity activity; occupational
+ vigorous-intensity activity; recreational + moder-
ate-intensity activity; recreational + place movement.

PA levels were classified into four groups: inactive (0-
249 MET min/week), somewhat active (250-499 MET min/
week), active (500-999 MET min/week), and very active
(>1000 MET min/week). These cut-off points are based on
their equivalence to the following PA thresholds: 250 MET
min/week represents an energy expenditure dose equivalent
to half of the threshold, 500 MET min/week is equivalent to
the minimum threshold, and 1000 MET min/week is equiv-
alent to twice the minimum threshold.

Y\
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Statistical Analysis

Continuous variables were presented as means and stan-
dard errors. The normality of the distributions of all outcome
variables was verified using the Kolmogorov-Smirnov test.
Independent t-tests were used to analyze the risk factors for
MetS, PA levels, and energy intake between the non-MetS
and MetS groups. Two-way analysis of variance (ANOVA)
was used to analyze the differences in risk factors for MetS,
PA levels, energy intake between participants with and
without MetS, and between single-person and multi-person
households. Partial eta-squared () values were calculated
as measures of the effect size. If a significant interaction
effect was found in the two-way ANOVA, Bonferroni post
hoc tests were used to compare the presence and absence of
MetS and the household-specificity of dependent variables
in each group separately. Moreover, the relationships be-
tween PA levels or energy intake and MetS were determined
using logistic regression after controlling for covariates. Lo-
gistic regression findings were presented as odds ratios (ORs)
and their associated 95% confidence intervals (CIs). Statisti-
cal analyses were performed using IBM SPSS Statistics for
Windows (version 25.0; IBM Corp., Armonk, NY, USA),
with p <0.05, considered statistically significant.

RESULTS

Comparisons of risk factors for MetS by household
type according to the presence of MetS

Table 2 presents the risk factors for MetS according to
the presence of MetS by household type in middle-aged
men. Analysis of the differences in the risk factors of MetS
for the entire population showed significantly higher waist
circumference, triglyceride, systolic blood pressure, diastol-
ic blood pressure, fasting blood glucose, and glycated he-
moglobin values for the group with MetS compared to those
in the group without MetS (all p < 0.001). HDL cholesterol
was significantly lower in the group with MetS than in the
group without MetS (p < 0.001).

Analysis of the differences in risk factors of MetS by
household type for the entire population revealed a signifi-
cant interaction effect in triglycerides and fasting blood glu-
cose by household type and the presence of MetS (p < 0.001).
In the subsequent post-hoc test using Bonferroni correction,
triglyceride levels were significantly higher in single-person
households than in multi-person households in the group
with MetS (p < 0.01). The fasting blood glucose level was
significantly higher in single-person households than in
multi-person households, regardless of the presence of MetS
(p<0.01).

Energy intake by household type according to the
presence of MetS

Table 3 shows the differences in energy intake by house-
hold type according to the presence of MetS in middle-aged
men. Analysis of the difference in energy intake for the en-
tire population showed significantly lower carbohydrate in-
take in the group with MetS than in the group without MetS

Physical Activity and Nutrition. 2021;25(4):001-009, https://doi.org/10.20463/pan.2021.0020 3




Energy intake, physical activity in household type and MetS

Phuysical Activity and Nutrition

Table 2. Metabolic syndrome components.

Non-MetS 83.6£0.2 83.8+0.2 81.920.6 H 2.870 0.090 (0.000) 0.395

Waist (cm) MetS 92.2+0.3 92.3+0.3 91.1£1.4 M 93.493 0.000 (0.004) 1.000
p-value <0.001 HxM 0.182 0.670 (0.000) 0.071

Non-MetS 136.3+2.9 134.7+2.6 152.3+19.5 H 40.971 0.000 (0.002) 1.000

TG (mg/dL) MetS 274.0£7.5 267.3+7.01  355.1+48.51% M 415.635  0.000 (0.021) 1.000
p-value <0.001 HxM 18.200 0.000 (0.001) 0.989

Non-MetS 49.5+0.3 49.40.3 50.8+1.3 H 1.691 0.193 (0.000) 0.255

HDL-C (mg/dL) MetS 41.8+0.4 41.7x0.4 42.6x1.7 M 80.587 0.000 (0.004) 1.000
p-value <0.001 HxM 0.102 0.749 (0.000) 0.062

Non-MetS 116.620.4 116.3x0.4 119.8+1.4 H 7.549 0.006 (0.000) 0.784

SBP (mmHg) MetS 127.6+0.6 127.41£0.6 130.1+2.1 M 90.618 0.000 (0.004) 1.000
p-value <0.001 HxM 0.141 0.707 (0.000) 0.066

Non-MetS 78.7+0.2 78.60.2 79.5+0.8 H 3.025 0.082 (0.000) 0.413

DBP (mmHg) MetS 86.8+0.4 86.6£0.4 88.3+1.6 M 135.190  0.000 (0.007) 1.000
p-value <0.001 HxM 0.356 0.356 (0.000) 0.092

Non-MetS 99.3+0.6 98.9+0.5 103.6+2.9% H 47.468 0.000 (0.002) 1.000

Glucose (mg/dL) MetS 116.9+1.2 115.6+1.11 133.0£8.11% M 204.489  0.000 (0.010) 1.000
p-value <0.001 HxM 15.587 0.000 (0.001) 0.977

Non-MetS 5.620.0 5.620.0 5.7£0.1 H 16.246 0.000 (0.001) 0.981

HbAlc (%) MetS 6.0£0.0 6.0£0.0 6.3+0.2 M 76.994 0.000 (0.004) 1.000
p-value <0.001 HxM 2.867 0.090 (0.000) 0.395

Data are expressed as the mean + standard error. ANOVA, analysis of variance; MetS, metabolic syndrome; TG, triglycerides; HDL-C, high-density lipoprotein
cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin.

Main effect = H (household) and M (metabolic syndrome), Interaction effect = H x M (household x metabolic syndrome), tp <0.001 vs. non-MetS values, $p < 0.01 vs.
multiple values. Two-way ANOVA followed by Bonferroni post hoc tests.

Table 3. Energy intake.

Non-MetS 24641302  2466.6:32.0 243831931  H 0091 0.763(0.000) 0.060

Energ;t?r:take MetS 247161404 2472.2¢395 24633:1608 M 0.061 0804 (0.000) 0.057

e p-value 0.884 HxM 0025 0.875(0.000) 0.053

Non-MetS  351.3:4.1 353.0£4.2 3336115  H 3751 0.053(0.000) 0.491

Carbohydrate MetS 330.4+4.8 331.445.0 31794184 M 4798  0.029(0.000) 0591
intake (g)

p-value 0.001 HxM 0123 0.726 (0.000) 0.064

Non-MetS  54.11.2 54.341.2 52.4+4.1 H 1803 0.179(0.000) 0.269

Fat intake (g) MetS 53.3+1.5 53.741.6 49.145.0 M 0637 0425(0.000) 0.126

p-value 0.672 HxM 0311 0577 (0.000) 0.086

Non-MetS  87.9+1.3 88.141.4 85.144.8 H 0524 0469(0.000) 0.112

Protein intake () Mets 85.6+1.5 85.6+1.5 84.746.4 M 0265 0.607(0.000) 0.081

p-value 0.237 HxM 0155 0.694 (0.000) 0.068

Data are expressed as the mean + standard error. ANOVA, analysis of variance; MetS, metabolic syndrome.
Main effect = H (household) and M (metabolic syndrome), Interaction effect = H x M (household x metabolic syndrome), 1p <0.001 vs. non-MetS values, 1p <0.05 vs.
multiple values. Two-way ANOVA followed by Bonferroni post hoc tests.
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(p = 0.001), and no differences between the two groups in
other categories (p = 0.884, 0.672, and 0.237 in the total en-
ergy intake, fat intake, and protein intake, respectively).
Analysis of the difference in energy intake by household
type in the entire population showed no significant interac-
tion effects by household type and MetS for all categories
(p = 0.875, 0.726, 0.577, and 0.694 for total energy intake,
carbohydrate, fat, and protein intakes, respectively).

PA levels by household type according to the pres-
ence of MetS

Table 4 shows the differences in PA levels by household
type according to the presence of MetS in middle-aged men.
When the difference in PA level was analyzed for the entire
population, the group with MetS showed significantly lower
values in recreational vigorous and moderate than the group
without MetS (p < 0.001 and p 0.05 in recreational vigorous
and moderate, respectively), while there were no differences
between the groups for other categories (p = 0.612, 0.717,
0.327, and 0.292 in occupational vigorous, occupational
moderate, place movement, and total physical activity, re-
spectively).

Analysis of the difference in PA level by household type
for the entire population showed a significant interaction
effect by household type and the presence of MetS for oc-
cupational vigorous and recreational moderate of p = 0.002
and 0.002, respectively). A subsequent post hoc test with
Bonferroni correction showed a significantly higher level
of occupational vigorous in single-person households than
that of multi-person households in the group with MetS (p

Table 4. Physical activity levels.

Phuysical Activity and Nutrition

< 0.01). For recreational moderate, the group with MetS
showed significantly lower values than those without MetS
in multiple-person households (p < 0.001). In contrast, in
single-person households, the group with MetS showed sig-
nificantly higher values than those without MetS (p < 0.001).
However, there was no difference in the total PA by house-
hold type and presence of MetS (Interaction: p = 0.122).

ORs of MetS and MetS components according to
energy intake and level of PA (95% Cls)

Examination of the relationship between the actual ener-
gy intake based on the EER (energy intake/EER) and MetS
showed no relationship between the prevalence of MetS and
energy intake/EER. However, low HDC-cholesterol level
was significantly decreased for high energy intake (OR =
0.73, 95% CI = 0.54-1.00, p < 0.05) based on a lower energy
intake/EER. High blood pressure was also significantly in-
creased for high energy intake (OR = 1.36, 95% CI = 1.10-
1.68, p < 0.01). High triglyceride levels were decreased for
moderate energy intake/EER (OR = 0.78, 95% CI = 0.63-
0.95, p < 0.05), but no relationship was observed for a high-
er energy intake/EER.

Table 5 shows the mean ratio of actual nutritional intake
based on the mean PA level according to PA level and EER.
The results of the complex sample logistic regression analy-
sis of the relationship between MetS and MetS components
according to PA level and nutritional intake are shown in
Table 6. This model was corrected for body mass index
(BMI) (Table 1) and household type and showed differences
according to the presence of MetS. The prevalence of MetS

; Non-MetS 99.6+36.2
Occupational

vigorous MetS 130.7+49.7

p-value 0.612

o onal Non-MetS 161.8+27.3

ceupationa MetS 178.938.7
moderate

p-value 0.717

Non-MetS 384.3+19.1

Place movement MetS 351.1+28.5

p-value 0.327

R onal Non-MetS 215.8+19.8

ecreationa MetS 117.6£17.3
vigorous

p-value <0.001

Non-MetS 190.4+12.2

Recreational MetS 153.0£13.6
moderate

p-value 0.041

Non-MetS 1052.0167.5

Total physical MetS 931.3492.0
activity

p-value 0.292

104.4£39.5
111.1+44.4

166.2+29.9
192.0£41.6

379.8£19.9
344.1£29.7

219.1+21.8
123.3£18.7

199.0£13.0
147.7£13.2t

1068.4£73.6
918.2494.6

52.0+36.1 H 4.000 0.046 (0.000) 0.516

367.6+£361.311% M 9.973 0.002 (0.000) 0.885
HxM 9.155 0.002 (0.000) 0.857

117.5¢45.6 H 5556 0.018 (0.000)  0.654
20.5¢13.2 M 0.582 0.445(0.000)  0.119

HxM 1728 0.189(0.000) 0.260
430.1£71.9 H 2119 0.145(0.000)  0.307
435.786.0 M 0.095 0.758(0.000)  0.061

HxM  0.180 0.671(0.000) 0.071
183.1£47.1 H 2,077 0.150 (0.000)  0.302
49.4£29.5 M 9.057 0.003 (0.000) 0.853

HxM  0.248 0.619(0.000) 0.079
103.6£23 .4+ H 0.250 0.617 (0.000) 0.079
216.6£72.9t M 1.351 0.245(0.000) 0.213

HxM  9.551 0.002(0.000) 0.871

886.3+120.9 H 0.002 0.963 (0.000) 0.050
1089.8+367.8 M 0.054 0.816 (0.000) 0.056

HxM 2.397 0.122(0.000) 0.340

Data are expressed as the mean * standard error. ANOVA, analysis of variance; MetS, metabolic syndrome Main effect = H (household) and M (metabolic syndrome),
Interaction effect = H x M (household x metabolic syndrome), tp <0.001 vs. non-MetS values, 1p <0.01 vs. multiple values. Two-way ANOVA followed by Bonferroni post
hoc tests.
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Table 5. Classification of physical activity levels and energy intake.
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Physical activity factors

Inactive 32.98+2.32 1052
Somewhat active 437.55%6.03 255
Active 822.98+7.98 380
Very active 3026.79+163.81 579

Energy intake factors
e e osmon o
ok a0 08 ogmony o
Higher energy intake 1.49+0 01 509

(energy intake/EER>1.2)

MET min/Week (Mean+SE)
32.5242.49 961 38.10+7.95 91
435.74+6.47 229 456.73+£16.03 26
813.09+8.61 336 916.00+30.78 44
3020.09+167.62 531 3108.19+567.51 48
Energy intake/EER (Mean+SE)

0.60+0.01 811 0.57+0.02 81
0.99+0.00 769 0.96+0.01 76
1.53+0.02 477 1.58+0.06 52

Values are expressed as the mean + standard error. EER = estimated energy requirement; MET = metabolic equivalents.

Table 6. Odds ratios (95% Cl) for MetS and MetS components according to physical activity levels and energy intake.

Physical activity factors

. _ 1.00 1.00
Inactive (n=1354) (reference) (reference)
. _ 0.61 0.61
Somewhat active (n=464) (0.43-0.85)"* (0.37-1.00)*
. _ 0.65 0.69
Active (n=834) (0.47-0.89)*  (0.48-1.00)"
. _ 0.57 0.47
Veyeale =1z (0.43-0.75)*  (0.33-0.68)"
Energy intake factors
Lower energy intake 1.00 1.00
(energy intake/EER<0.8) (reference) (reference)
Moderate energy intake (0.8 < 0.92 1.10
energy intake/EER <1.2) (0.74-1.16) (0.78-1.54)
Higher energy intake 1.16 1.35
(energy intake/EER >1.2) (0.87-1.54) (0.89-2.05)

1.00 1.00 1.00 1.00
(reference) (reference) (reference) (reference)
0.82 0.81 0.85 1.03
(0.63-1.08) (0.58-1.12) (0.61-1.19) (0.76-1.40)
0.93 0.66 0.92 0.77
(0.69-1.25) (0.50-0.88)** (0.70-1.21) (0.59-1.01)
0.82 0.62 0.80 0.85
(0.64-1.05) (0.49-0.78)*** (0.63-1.01) (0.68-1.07)
1.00 1.00 1.00 1.00
(reference) (reference) (reference) (reference)
0.78 1.06 0.96 0.94
(0.63-0.95)* (0.86-1.31) (0.78-1.19) (0.76-1.16)
0.98 0.73 1.36 1.12
(0.78-1.25) (0.54-1.00)* (1.10-1.68)** (0.89-1.41)

Data presented as odds ratios (95% confidence intervals [Cls]). OR, odds ratio; MetS, metabolic syndrome; HDL-C, high-density lipoprotein cholesterol; EER, estimated

Hkk,

energy requirement *p <0.05 vs. reference, **p <0.01 vs. reference,

was significantly lower than the baseline values for a some-
what active PA level (somewhat active, OR = 0.61, 95% CI
=0.43-0.85, p < 0.01; active, OR = 0.65, 95% CI = 0.47-0.89,
p <0.01; very active, OR = 0.57, 95% CI = 0.43-0.75, p <
0.001). Abdominal obesity was also significantly lower than
the baseline values from somewhat active PA level (some-
what active, OR = 0.61, 95% CI = 0.37-1.00, p < 0.05; Ac-
tive, OR = 0.69, 95% CI = 0.45-1.00, p < 0.05; Very active,
OR =0.47, 95% CI=0.33-0.68, p < 0.001). Low HDC-cho-
lesterol levels were significantly reduced for active (OR =
0.66, 95% CI = 0.50-0.88, p < 0.01) and very active (OR =
0.62, 95% CI =0.49-0.78, p < 0.001) levels of PA.

p <0.001 vs. reference. The model was adjusted for household type and body mass index.

DISCUSSION

This study analyzed raw data from years 1-3 of the 7"
KNHANES (2016-2018) to compare the differences in en-
ergy intake and PA levels in middle-aged Korean men aged
40-59 years according to household type and the presence
of MetS. The major findings of this study are as follows:
Regarding nutritional intake, there was no relationship be-
tween household type and MetS. However, the results of a
complex sample logistic regression analysis to identify the
relationship between MetS and MetS components according
to nutritional intake showed a significantly increased risk
of increased HDL cholesterol level and hypertension for
low nutritional intake for a ratio of actual nutritional intake
based on EER of at least 1.2. There was no difference in PA
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levels between multiple- and single-person households. The
results of complex sample logistic regression analysis of the
relationship between MetS and MetS components accord-
ing to PA level showed a significantly reduced prevalence
of MetS and abdominal obesity compared to the baseline
values for the somewhat active level of PA. Moreover, the
low HDL cholesterol level was significantly lower than the
baseline value for active PA levels.

Analysis of the risk factors according to the presence of
MetS by household type showed higher triglyceride and
fasting blood sugar levels in the single-person household
group with MetS compared to those in the multi-person
household group. Thus, our study result based on our pres-
ent data does not agree with this because there were no
differences in energy intake and PA level between the single
and multi-person household groups. Kim'® reported that
single-person households are more likely to skip breakfast,
eat out more than once a day, and eat every meal alone com-
pared to multi-person households. This study suggests that
the eating habits of single-person households are generally
poorer than those of multiple-person households, thereby
resulting in a higher presence of in this study. A previous
study reported higher fasting blood glucose levels among
cases of hyperglycemia in single-person households®, while
a study of middle-aged and elderly subjects reported higher
triglyceride and fasting blood glucose levels in single-per-
son households than in multi-person households'®. There-
fore, the prevalence of hyperlipidemia and diabetes may
be higher in middle-aged men with MetS in single-person
households.

The middle-aged men in this study showed no difference
in total energy intake according to the presence of MetS in
all groups, including single- and multiple-person house-
holds. However, as the eating habits of single-person house-
holds are generally poorer than those of multiple-person
households' 1617 additional studies are needed to evaluate
eating habits such as eating behavior and the frequency of
food intake, in addition to the high energy intake exam-
ined in the present study. The logistic regression analysis
of this study, which corrected for BMI and household type
variables, showed that participants with higher energy in-
take (approximately 1.5 times higher than the EER) had a
27% lower prevalence of low HDL-C and a 36% higher
prevalence of high blood pressure. Our results were partly
supported by a previous study of 7,081 men aged 30 years
and older, in which those who overate more than four times
weekly had a 141% higher prevalence of MetS™. The find-
ings of this study confirmed that an average ratio of actual
nutritional intake based on EES for middle-aged men > 1.5
or higher negatively impacted the components of MetS. The
results also showed that a higher energy intake should be
avoided to prevent MetS in middle-aged men.

Contrary to expectations, in this study, carbohydrate
intake was lower in the MetS group than in the non-MetS
group in both single- and multiple-person households.
However, conflicting results have been reported regarding
the relationship between MetS and carbohydrate intake. A
study that compared the risk of MetS incidence by divid-
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ing male subjects into quintiles according to macronutrient
intake reported a decreased risk of MetS with increased
carbohydrate intake'. In contrast, a nutritional intake sur-
vey in middle-aged adults using data from the 2005 and
2007 KNHANES, according to the presence of MetS,
showed a higher carbohydrate intake in the MetS group®. A
2018 cross-sectional study of 6,737 men and 8,845 women
showed a proportionally increased risk of MetS with car-
bohydrate intake?!. While the reasons for these conflicting
results are unclear, excessive intake of carbohydrates, espe-
cially sugars, causes various diseases. Thus, we cannot con-
clude that significantly low carbohydrate intake would lead
to MetS.

Analysis of PA level according to the presence of MetS
showed lower levels of intermediate- and high-intensity
leisure activities in the group of participants with MetS. Pre-
vious studies have reported that intermediate- and high-in-
tensity PA reduced the incidence and risk of MetS?>2%. The
results of a study by Laaksonen et al.?* of 612 middle-aged
men without MetS partially supported the findings of the
present study, in which the risk of MetS was reduced by
45% (OR: 0.55, 95% CI; 0.31-0.98) among subjects who
spent more time participating in leisure physical activities
compared to the group that did not, after controlling for age
and BML

Examination of PA level by household type according to
the presence of MetS showed significantly lower PA levels
for single-person households compared to multiple-person
households in the group without MetS for intermediate-in-
tensity PA. In contrast, single-person housecholds showed
significantly higher values than multiple-person households
in the group with MetS. This finding is contrary to the hy-
pothesis of a lower PA level in single-person households
compared to multiple-person households, given the higher
number of single-person households with MetS compared
to single-person households without MetS. This study is the
first to demonstrate differences in PA between single-and
multiple-person households of middle-aged men depending
on the presence of MetS. However, the total amount of PA
did not differ according to the presence of MetS and house-
hold type; thus, additional studies are needed to examine the
details of PA in daily life by narrowing the characteristics of
single-person houscholds (e.g., marital status, occupation)
and using more objective measures of PA.

In this study, while the total amount of PA was lower in
the group with MetS than in the group without MetS, the
difference was not statistically significant. When the level
of PA of the participants was further classified into four
groups to analyze the risk of MetS, the prevalence of MetS
was approximately 39% lower in those who were somewhat
active (300-599 MET min/week) compared to those who
were inactive (0-249 MET min/week), while the risk was
significantly reduced by approximately 35% and 43% for
active (600-1199 MET min/week) and very active (>1200
MET min/week) levels of PA, respectively. The findings of
this study confirmed that the risk of MetS was significant-
ly lower for somewhat active (300-599 MET min/week)
levels of PA. A prospective cohort study of the relationship
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between PA and cardiovascular disease observed a 30-40%
reduced risk of cardiovascular disease in middle-aged adults
who were physically active?, consistent with the results of
the present study. Sisson et al.2® also reported a 66% higher
prevalence of MetS among men in the US with higher lev-
els of sedentary behavior, which supported the finding that
increasing total PA with regular exercise had a more potent
positive effect on MetS?. In this study, abdominal obesity
was 39% lower in participants with somewhat active PA
levels compared to baseline values. In addition, active lev-
els of PA showed a 34% reduction in low HDL cholesterol
levels compared to baseline values. Increased PA reportedly
lowers the levels of LDL-cholesterol, a risk factor for car-
diovascular disease, helps prevent cardiovascular disease by
increasing HDL cholesterol levels, and has a positive effect
on abdominal obesity*. The results of the present study
demonstrated that PA aimed at active level (600-1199 MET
min/week) could be effective in preventing MetS in mid-
dle-aged men.

This study has several limitations. First, as a cross-sec-
tional study, it is difficult to verify the causal and temporal
relationships among household type, energy intake, and PA
level. Moreover, the ratio of single-person households is ap-
proximately 9.2% in this study. However, it was reported to
be 30.2% of the total households in Korea®. Therefore, more
data on single-person households should be collected in the
near future. Second, compared to studies of the effects of
income and education level on health-related behaviors, var-
1ous socioeconomic variables such as financial status, edu-
cation level, and marital status were inadequately corrected.
Despite these limitations, these findings may increase the re-
liability of the results and could be generalized as a national
trend based on the use of data from the KNHANES. Third,
our data did not present detailed information on energy in-
take, such as eating habits and behaviors and micronutrient
data. Therefore, further studies are needed to analyze de-
tailed data on energy intake between single and multi-person
households. In addition, this study has significance in that,
unlike studies that analyzed elderly and female subjects,
it was the first to analyze the PA level and energy intake
according to household type and the presence of MetS in
middle-aged men.

In conclusion, the results of this study showed that, al-
though there was no difference in nutritional intake between
single- and multiple-person households, the risk of MetS
was significantly higher for the group of participants with
at least 1.5 times the energy intake compared to that in the
group with the lowest energy intake based on EER. No dif-
ference in the level of PA was observed between single- and
multiple-person households; however, higher levels of PA,
particularly among those who were only somewhat active
(300-599 MET min/week), could have positive effects on
the risk factors and prevalence of MetS regardless of house-
hold type. Therefore, we suggest reducing the total energy
intake and increasing total PA to prevent MetS in mid-
dle-aged men regardless of household type is vital. With the
recent increase in single-person households within the mid-
dle-aged population, more surveys on nutritional intake and

Y\

Phuysical Activity and Nutrition

PA in middle-aged single-person households are needed, as
poor health in middle age is likely to persist into old age.
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