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Abstract
The purpose of this study is to identify latent classes involving the health behaviors
of patients with metabolic syndrome and to examine the effects of demographic characteristics and health- related lifestyles on their quality of life. The data was sourced
from the database of the 2013 Korea health panel survey. Health behavior variables
(smoking, drinking, body mass index, and physical activities) were dichotomously recategorized for latent class analysis. Two latent classes of metabolic syndrome, named
‘low physical actor’ and ‘low physical actor with smoking and alcohol’ were identified.
Both latent classes showed statistically significant differences in demographic characteristics and EQ-5D index. Additionally, there were differences in the factors affecting
quality of life between latent classes. This study’s findings suggest that a tailored intervention based on features of the latent classes is required to improve the lifestyle and
quality of life of metabolic syndrome patients.
Keywords: Health behavior, latent class analysis, metabolic syndrome, quality of life.

1. Introduction
Metabolic syndrome (MS) has been widely defined as a combination of metabolic risk
factors (Grundy et al., 2005; Alberti et al., 2005). This condition has been found to increase
the risk of diabetes and the incidence of cerebro-cardiovascular disease by two to five times,
and even overall mortality rate by 1.6 times (Mottillo et al., 2010). It is estimated that
over 20% of the global adult population has MS (Aguilar et al., 2015), and in Korea, its
prevalence has been steadily increasing, from 24.9% in 1998 to 33.0% in 2014 (Jung, 2016).
Consequently, it is clear that professional and systematic management of risk factors for MS
is required.
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Risk factors for MS include physiological factors (age, race); genetic factors; socio-economic
factors (occupation, income, and education level); lifestyle factors (levels of smoking, drinking, exercise, and obesity, and dietary habits); and emotional factors (levels of sleep, stress,
and depression) (Tran, et al., 2017; Han et al., 2013). In particular, the national cholesterol
education program-adult treatment panel III (NCEP-ATP III) and the international diabetes federation (IDF) have proposed that therapeutic lifestyle improvements are the most
important and cost-effective method of alleviating the incidence of cardiovascular complications in MS patients (Grundy et al., 2005). Recently, a variety of lifestyle intervention
studies have been conducted in patients with MS (Wang et al., 2017; Saboya et al., 2017).
However, in one meta-analysis of intervention studies concerning lifestyle modification, only
eight of the 28 studies used interventions that were found effective in regard to improving
the risk factors of MS after one year (Bassi et al., 2014). Thus, there is still insufficient
evidence concerning the effectiveness for lifestyle-improvement programs.
Health related- quality of life (HR-QoL) of MS patients is lower than that of non-MS
individuals (Ford and Li, 2008), and lifestyle has been found to be a predictor of HRQoL in MS (Han et al., 2013). It is thought to be due to MS patients have various forms
of health-related lifestyles, and complex symptoms of MS and its tendency to become a
chronic condition can significantly affect patients’ HR-QoL. However, an insufficient number
of studies have been conducted concerning the factors that directly impact the HR-QoL of
MS. Furthermore, the effect of lifestyle modification on HR-QoL with MS has also shown
inconsistent results, which are limited in terms of the physical QoL (Wang et al., 2017;
Saboya et al., 2017). Consider that, it should be possible to improve HR-QoL by applying
tailored intervention (Niar et al., 2007) depending on lifestyle patterns of MS. So, classifying
the MS population according to lifestyle would represent the first step in developing a tailored
health-promotion program.
Latent class analysis (LCA) is used to define groups of subtypes of cases and involves a
subject-centered approach that focuses on the observed relationships between individuals
(Muthen and Muthen, 2006). In most previous studies involving LCA of MS, physiological
indicators such as waist circumference, blood pressure, body mass index (BMI), triglyceride,
fasting glucose, and serum insulin have been considered (Boyko et al., 2011; Arguelles et al.,
2015; Abbasi-Ghahramanloo et al., 2016); in contrast, only one study has conducted LCA
of the physical activity types of MS patients (Metzger et al., 2010). MS acts as a marker of
cardiovascular disease, metabolic disease, and some cancers; therefore, the goal of treatment
is to prevent complications and to reduce mortality through lifestyle modification, rather
than to treat MS itself (Shim et al., 2015). However, previous studies have not produced
sufficient information of the factors that should be considered when implementing a program
to improve the HR-QoL of MS patients through lifestyle-improvement interventions.
For this, the present study aims to identify the health-related lifestyle patterns of Korean
MS patients and to identify factors affecting the HR-QoL of latent classes to provide evidence
that can help design intervention programs.
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2. Methods
2.1. Study population
The Korea health panel (KHP) is an investigation that has been conducted by the Korea institute for health and social affairs and the national health insurance service since
2005. The objectives of KHP are to produce representative and reliable data concerning the
actual condition of citizens’ healthcare use, levels of healthcare expenditure, health levels,
and health behaviors. KHP extracts samples through a stratified, multistage, probability
sampling method based on geographic area. In the 2013 survey, the total number of areas
surveyed was approximately 350 neighborhoods, and the sample comprised approximately
5,200 households across the nation (Korea Institute for Health and Social Affairs, 2015).
As physiological indicators such as abdominal obesity, blood pressure, and fasting glucose
were not included in the KHP’s survey data, in this study we set the selection criteria for
MS patients as follows: subjects diagnosed with all three of hypertension, diabetes, and
hyperlipidemia (or hyper-cholesterolemia). Using this method, of the 11,300 adult subjects
aged 18 years or older who responded to the survey in 2013, 261 were selected for our analysis.
Of these, 12 subjects who had missing values for the analysis were excluded, leaving 249
subjects for the final analysis.
2.2. Variables for latent class analysis
For our LCA analysis, we specifically selected as variables smoking, drinking, physical
activity, and BMI, which were found to be risk factors of MS in previous studies (Wang
et al., 2017); these variables were then dichotomously re-categorized (smoking, “yes” = 1,
“no” = 2; drinking, “two or more per a month” = 1, “one or less per a month” = 2; physical
activity, which was measured by asking the participants if they engaged in over 20 minutes
of heavy exercise over three times a week or over 30 minutes of moderate exercise over five
times a week, “no” = 1, “yes” = 2; BMI, 25kg/m2 or more = 1, less than 25kg/m2 = 2).
2.3. Dependent variable
KHP used the Euro quality of life questionnaire 5-dimensional classification (EQ-5D),
which is a standardized instrument for measuring HR-QoL (EuroQol Group, 1990). The
EQ-5D consists of multiple-choice questions that can be answered using a three-point scale
ranging from 1 (“not affected”) to 3 (“seriously affected”) to determine current health status;
this is applied to five items: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. In this study we used the EQ-5D Index, which was calculated by weighting
each item (Lee et al., 2009). The variable was dichotomously re-categorized (9.0 = “high”;
less than 9.0 = “low”) for complex sample simple logistic regression.
2.4. Predictors
After reviewing results of previous studies concerning the prevalence of MS and the HRQoL of patients with MS, we chose socio-demographic characteristics (gender, age, marital
status, education level, income level, household composition, employment status, etc.) and
health-related characteristics (experience receiving medical treatment, depression, suicidal
impulses, presence of disability, sleeping time, and subjective health status) (Tran et al.,
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2017; Han et al., 2013; Wang et al., 2017; Saboya et al., 2017, Oh, 2017). These variables
were re-categorized, so the number of categories did not exceed five.
2.5. Statistical analysis
The descriptive analyses(unweighted n, weighted %, mean, standard error) of the characteristics of participants was conducted by using complex sample analysis. Latent class
regression model analysis was conducted, with five covariates associated with MS (age, gender, marital status, education level, and annual gross household income) (Arguelles et al.,
2015). Specifically, we assessed the goodness-of-fit of four consecutive models that had one to
four clusters each. To determine the optimal number of latent classes, information-based fit
indices, including BIC (Bayesian information criterion), AIC (Akaike information criterion),
and CAIC (consistent Akaike information criterion), were used, with lower values indicating
a good-fitting latent class model (Nylund et al., 2007). Of these, BIC is the most commonly
used index and is said to be the most reliable indicator for determining the number of classes
(Nylund et al., 2007). For the tests of independence between latent classes, t-test, pearson
χ2 -test for complex samples was conducted. The adjusted F was presented as a result of
pearson χ2 -test for complex samples, which was a variant of the second-order Rao-Scott
adjusted chi-square statistic. And complex samples simple logistic regression was conducted
for factors related to the each latent class’s HR-QoL. The value of B, SE, p, Exp(B), R2
for each variable was presented as results of complex samples simple logistic regression. For
all analysis, SPSS 23.0 with the R poLCA package was used, and the statistical significance
level for all tests was p < .05.

3. Results
3.1. Characteristics of subjects
Of the sample, 58.8% were female, the mean age was 65.8 years, and 73.5% had a spouse.
In regard to education, illiterate or elementary school graduation level (40.5%) was the most
populated category. The most common household composition was two generations of the
family living together (38.6%). In all, 59.6% of respondents were not economically active,
and the average annual gross family income was approximately 35.62 million won. In regard
to lifestyle, 62.5% of the sample were not smoking, and 71.6% stated that they drank less
than once a month. Further, 52.6% had a BMI of less than 25 kg/m2 , and 20.4% of subjects
performed physical activity.
The mean annual healthcare expenditure was approximately 1.2 million won, and the mean
number of chronic diseases was 6.1. Further, 83.3% had no disability, and average sleeping
time was 6.2 hours per weekday, and 6.4 hours on the weekends. Additionally, 11.8% of the
subjects had been continuously depressed for over two weeks in the past year, while 9.5%
had experienced suicidal impulses in the past year. In terms of subjective health status,
many respondents reported “average” (39.3%) (Table 3.1).
3.2. Latent class model
The best-fitting model was identified as a two-class model (Table 3.2). Of the sample,
60.9% were in Class 1 and 39.1% were in Class 2. Members of Class 1 had a very low
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Table 3.1 Characteristics of participants
(N=249)
Characteristics
Gender

Categories
Unweighted n
Weighted %
Male
99
41.2
Female
150
58.8
Age
M ± SE
65.8 ± 0.7
(years)
< 65
75
40.5
65-74
124
41.9
≥ 75
50
17.6
Marital status
Spouse
183
73.5
Spouseless
66
26.5
Education
Illiterate
23
7.9
Elementary school
93
32.6
Middle school
44
17.8
High school
60
28.6
College
29
13.1
Household composition
Single
38
13.8
1 generation
106
36.5
2 generation
81
38.6
≥ 3 generation
24
11.2
Economic activity
Yes
90
40.4
No
159
59.6
Gross family income
M ± SE
35623 ± 2565
(thousand won)
1st tertile
98
33.4
2nd tertile
86
33.2
3rd tertile
65
33.4
Smoking
Yes
92
37.5
No
157
62.5
Drinking
≤ Once a month
185
71.6
> Once a month
64
28.4
BMI
< 25kg/m2
134
52.6
≥ 25kg/m2
115
47.4
Physical activity†
Yes
51
20.4
No
198
79.6
Healthcare expenditure
M ± SE
1236 ± 100
(thousand won)
1st tertile
79
33.5
2nd tertile
83
33.3
3rd tertile
87
33.2
Number of chronic diseases
M ± SE
6.1 ± 0.2
Number of OPD visits
M ± SE
39.5 ± 2.5
Number of admissions
M ± SE
2.0 ± 0.3
Disability
Yes
46
16.7
No
203
83.3
Weekday sleep time (hours)
M ± SE
6.2 ± 0.1
Weekend sleep time (hours)
M ± SE
6.4 ± 0.1
Depression
Yes
30
11.8
No
219
88.2
Suicidal impulses
Yes
23
9.5
No
226
90.5
Self-rated health
Excellent
11
5.1
Good
35
16
Average
98
39.3
Below average
97
36.7
Poor
8
3
EQ-5D Index
M ± SE
0.86 ± 0.01
< 0.90
108
38.8
≥ 0.90
141
61.2
M, mean; SE, standard error; OPD, outpatient department
† Yes: ≥ 20 min of heavy exercise three times a week or ≥ 30 min of moderate exercise five times
a week; No: Less than the above.
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probability of smoking (.059) and drinking (.119), but had a high probability of avoiding
physical activity (.853); consequently, Class 1 was named ‘low physical actor.’ Meanwhile,
Class 2 had a very high probability of smoking (.852) and of avoiding physical activity (.705);
consequently, Class 2 was named ‘low physical actor with smoking and alcohol.’ Finally, the
likelihood of a BMI greater than 25 kg/m2 was similar for both Class 1 (.491) and Class 2
(.417) (Figure 3.2).

Figure 3.1 Latent classes of metabolic syndrome in terms of health-related lifestyle patterns

Model

Table 3.2 Goodness of fit for two to four latent classes
AIC
BIC

Maximum
log likelihood
1-Class
1216.072
1230.142
−604.036
2-Class
1022.790
1072.034
−497.395
3-Class
1032.395
1116.814
−492.197
4-Class
1044.080
1163.674
−488.040
AIC: Akaike information criterion, BIC: Bayesian information criterion
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3.3. Differences between latent classes
There were significant differences between the two classes in terms of gender (adjusted
F = 26936, p < .001), age (t = 2.46, p = .015), marital status (adjusted F = 20.94,
p < .001), household composition (adjusted F = 4.28, p = .006), education level (adjusted
F = 9.47, p < .001) and economic activity (adjusted F = 17.80, p < .001). In regard to
the health-related characteristics, significant differences were found in number of chronic
diseases (t = 2.11, p = .036), weekday sleep time (t = −2.63, p = .009), weekend sleep time
(t = −3.77, p < .001), depression (t = 7.54, p = 0.06), self-rated health (t = 2.62, p = 0.34)
and EQ-5D Index (adjusted F = 20.40, p < .001) (Table 3.3).
3.4. Factors affecting quality of life
The mean EQ-5D index of the subjects was 0.86, and 61.2% of the sample were found to
have a score of 0.9 or higher. Further, there was also a significant difference between the
two classes. Number of chronic diseases, number of outpatient department (OPD) visits,
disability, depression, and self-rated health were common factors associated with HR-QoL
in the two classes; however, only for low physical actor with smoking and alcohol class was
HR-QoL affected when three generations of family members lived together (B = 26.327,
p < .001, OR = 2.715E + 11), when the respondent was employed (B = 1.727, p = .002,
OR = 5.622), or when they had suicidal impulses (B = 2.164, p = .017, OR = 8.704). For
the low physical actor with smoking and alcohol class, the likelihood of high QoL was found
to be greatly increased in the absence of depression (B = 2.441, p = .043, OR = 11.480) and
disability (B = 2.380, p =< .001, OR = 10.806). Meanwhile, for low physical actor class,
the odds ratio was highest, at 4.3 times, when suicidal impulses were absent, and was 4.1
times in the absence of disability (Table 3.4).

4. Discussion
This research constitutes the first LCA study of the health-related lifestyles of patients
with MS. We explored whether these latent classes differ in regard to socio-demographic
characteristics, health-related characteristics, and factors affecting HR-QoL.
The proportion of MS was found to be slightly higher in women. This result is similar
to that of other studies, and this is considered to be associated with women experiencing
increased abdominal obesity after menopause (Ervin, 2009). The mean age of this study’s
sample was 65.8 ± 0.7 years; 40.5% of the subjects were under 65 years of age. It is known that
the prevalence of metabolic syndrome increases with age (Aguilar et al., 2015; Jung, 2016;
Tran et al., 2017; Han et al., 2013); however, in a recent cross-sectional study using data from
National Health and Nutrition Examination Survey, the mean age of MS subjects was 52.2
(Ford and Li, 2008). This strongly suggests that MS management is important in middle-age
or early adulthood. Furthermore, the results of this study showed that approximately 20%
of the sample had a total annual household income of less than 10 million won, which is
far below the minimum living costs stated in 2015 for two-person households (Ministry of
Health and Welfare, 2014). We believe that a major reason for this is the decrease in income
after retirement, given that the mean age of our MS patients was almost 66 years. It can
be suggested that nationwide MS management and support systems be extended to elderly
individuals in low-income brackets.
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Table 3.3 Differences between the two latent classes in terms of socio-demographic and health-related
characteristics
Characteristics
Class
t or F†
unweighted n (weighted %)
1
2
(p)
(n=151)
(n=98)
Gender
Male
1 (0.6)
98 (100.0)
269.36
Female
150 (99.4)
0 (0.0)
(<.001)
Age
M ± SE
67.2 ± 1.0
63.7 ± 1.1
2.46
(years)
(.015)
Marital status
Spouse
92 (60.8)
91 (91.5)
20.94
Spouseless
59 (39.2)
7 (8.5)
(<.001)
Education
Illiterate
20 (11.9)
3 (2.1)
9.47
Elementary school
75 (44.3)
18 (15.7)
(<.001)
Middle school
24 (15.7)
20 (20.9)
High school
27 (23.1)
33 (36.5)
College
5 (4.9)
24 (24.8)
Household
Single
35 (20.1)
3 (4.6)
4.28
composition
1 generation
59 (34.2)
47 (39.8)
(.006)
2 generation
38 (31.6)
43 (48.7)
≥ 3 generation
19 (14.1)
5 (6.9)
Economic
Yes
38 (28.0)
52 (58.2)
17.80
activity
No
113 (72.0)
46 (41.8)
(<.001)
Gross family income
M ± SE
29661 ± 2773
44263 ± 4669
-2.69
(thousand won)
(.008)
Healthcare expenditure
M ± SE
1074 ± 113
1472 ± 179
-1.88
(thousand won)
(.061)
Number of chronic
M ± SE
6.5 ± 0.2
5.6 ± 0.3
2.11
diseases
(.036)
Number of OPD visits
M ± SE
40.77 ± 2.7
37.6 ± 4.6
0.61
(.545)
Number of hospital
M ± SE
2.0 ± 0.4
2.0 ± 0.5
-0.01
admissions
(.999)
Disability
Yes
28 (17.5)
18 (15.5)
0.16
No
123 (82.5)
80 (84.5)
(.691)
Weekday sleep time
M ± SE
6.0 ± 0.1
6.6 ± 0.2
-2.63
(hours)
(.009)
Weekend sleep time
M ± SE
6.1 ± 0.2
7.0 ± 0.2
-3.77
(hours)
(<.001)
Depression
Yes
26 (16.8)
4 (4.4)
7.54
No
125 (83.2)
94 (95.6)
(.006)
Suicidal
Yes
16 (10.9)
7 (7.5)
0.64
impulses
No
135 (89.1)
91(92.5)
(.424)
Self-rated
Excellent
5 (3.4)
6 (7.5)
2.62
health
Good
15 (12.4)
20 (21.2)
(.034)
Average
55 (37.4)
43 (42.0)
Below average
72 (44.9)
25 (24.9)
Poor
4 (2.0)
4 (4.4)
EQ-3D-5L
M ± SE
0.84 ± 0.01
0.89 ± 0.02
-2.23
index
(.026)
< 0.90
83 (51.2)
25 (21.0)
20.40
≥ 0.90
68 (48.8)
73 (79.0)
(<.001)
M: mean, SE: standard error, OPD: outpatient department
† Adjusted F
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Table 3.4 Factors affecting quality of life among latent class
Variables
Age
Marital status
- spouseless
Marital status
- spouse
Education
- illiteracy
Education
- elementary school
Education
- middle school
Education
- high school
Education
- college
Household composition
- single
Household composition
- 1 generation
Household composition
- 2 generation
Household composition
- ≥ 3 generation
Economic activity
- No
Economic activity
- yes
Gross family income
- 1st tertile
Gross family income
- 2nd tertile
Gross family income
- 3rd tertile
Healthcare expenditure
- 1st tertile
Healthcare expenditure
- 2nd tertile
Healthcare expenditure
- 3rd tertile
Number of chronic
diseases
Number of OPD visits
Number of admissions

Class 1
Class 2
B
SE
p Exp (B) R2
B
SE
p
Exp (B)
-0.330 0.022 .138 0.968 .023 -0.029 0.028 .294
0.971
1.000 .012
1.000
0.446 0.374 .234

1.562
1.000

1.147 0.865

.102

.028

4.126
1.000

0.508 0.554 .361

1.662

0.012 1.333

.993

1.012

0.914 0.658 .166

2.495

0.126 1.342

.925

1.134

0.988 0.649 .129

2.687

0.434 1.307

.740

1.543

1.271 1.101 .249

3.565

1.212 1.358

.373

3.361

1.000

.022

1.000

-0.021 0.455 .963

0.979

2.040 1.312

.121

7.688

0.661 0.515 .201

1.936

1.945 1.321

.142

6.996

0.339 0.621 .586

1.403

26.327 1.35 <.001 2.72E+11

1.000
0.588 0.423 .165

.017

1.801
1.000

1.000
1.727 0.549

.002

.057

1.000

1.521

1.035 0.638

.106

2.816

1.253 0.509 .015

3.500

1.158 0.619

.063

3.184

.045

.027

.072

.106

5.622

0.420 0.393 .287

1.000

R2
.011
.034

1.000

.042

.037

-0.073 0.428 .040

0.929

0.836 0.752

.268

2.307

-1.023 0.495 .864

0.359

-0.385 0.611

.530

0.681

-0.265 0.088 .003

0.767

.096 -0.359 0.157

.023

0.698

.148

-0.024 0.008 .012

0.980

.086 -0.022 0.007

.003

0.978

.138

-0.020 0.318 .134

0.611

.073 -0.376 0.238

.121

0.687

.080

1.000

.059

1.000

.146

Disability
- yes
Disability
- no
Weekday sleep time

1.402 0.524 .008

4.065

0.068 0.118 .562

1.071

.003 -0.202 0.208

.333

0.817

.016

Weekend sleep time

0.086 0.118 .463

1.090

.005 0.063 0.183

.731

1.065

.002

2.380 0.612 <.001

10.806
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Depression
1.000
.037
- yes
Depression
1.085
0.515
.036
2.960
2.441
- no
Suicidal impulses
1.000
.042
- yes
Suicidal impulses
1.462
0.941
.122
4.313
2.164
- no
Self-rated health
1.030
0.326
.002
2.802
.137
1.019
Dependent variable: Euro quality of life questionnaire 5-dimensional
reference category; low.
R2 : Cox and Snell, OPD: outpatient department

1.000
1.202

.043

11.480

0.899

.017

8.704

1.000

0.359
.005
2.769
classification index,

.055

.071

.117

Two latent classes of MS were identified in regard to lifestyle behaviors. Previous studies
have analyzed the latent classes of MS based on diagnostic criteria or types of physical
activity; therefore, there are limitations to directly comparing the results of this study with
those of previous studies (Boyko et al., 2011; Arguelles et al., 2015; Metzger et al., 2010;
Lee et al., 2009). Nevertheless, the present results reinforce that latent classes exist that
have different features. Thus, for effective health promotion, it is necessary to determine the
characteristics of the latent classes and implement strategies that take those characteristics
into account.
The latent classes characterized in this study were the ‘low physical actor’ and ‘low physical
actor with smoking and alcohol’ classes. By considering these classes, it should be possible to
develop a customized program that addresses the problematic health behaviors of members
of both classes. In the management of MS, the number of health behavior practice is also
important, but it is important to practice health behavior steadily and continuously even
with a small number of practice (Lee and Lee, 2017). Therefore, it is meaningful to develop
strategies to manage MS by intensively mediating health behaviors with high probability
per latent class. In middle-aged women with obesity, a combined exercise program without
limitation of dietary intake was effective in reducing triglyceride, fasting blood glucose, blood
pressure, waist circumference, and BMI. Strategy will be effective (Ban et al., 2007). So, in
the ‘low physical actor’ class, improved metabolic index could be achieved by decreasing BMI
through promoting physical activity. In the case of the ‘low physical actor with smoking and
alcohol’ class, it is important to inform subjects that smoking increases waist circumference,
decreases high-density lipoprotein cholesterol, increases triglycerides, and increases blood
glucose by causing insulin resistance (Sun et al., 2012). Smoking also inhibits blood flow,
putting strain on the heart and tiring muscles, which can lead to poor physical activity
(Alkerwi et al., 2009). And abstemious drinking should be prioritized through the provision
of information on the effect of alcohol on cardiovascular disease (Alkerwi et al., 2009).
Among the latent classes, differences were found not only in regard to health lifestyle
behaviors but also in regard to socio-demographic characteristics. Although age, gender,
marital status, education level, and gross family income were analyzed as covariates, all
members of the ‘low physical actor’ class were female, older, single, and had lower education
levels than the members of the ‘low physical actor with smoking and alcohol’ class. The
members of the former class possess the typical socio-demographic characteristics of elderly
Korean females (Moon, 2017). Considering this, it is recommended that a suitable genderbased approach be applied; this is because the latent classes of Korean MS appear to be
related to gender. Such an approach is also advocated by Arguelles et al. (Arguelles et al.,
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2015).
In terms of health-related factors, less sleep time, depression, lower self-rated health, and
lower QoL were found to be associated with the “low physical actor” class. Psychological
factors and sleep disturbance were found to increase the risk of MS by aggravating negative
lifestyle patterns (Cohen et al., 2010). Recent studies have shown that motivation is a key
factor that induces people to adopt healthy lifestyles in order to reduce risk factors of
MS (Bassi et al., 2014). Therefore, when designing interventions to improve the lifestyle of
patients, it is important to assess the socio-demographic and psychological factors that may
facilitate or hinder motivation to improve QoL.
The HR-QoL of our subjects was 0.85 to 0.86 on average, which is lower than the results
of the 2013 National Health and Nutrition Examination’s raw survey (0.926 ± 0.004) (Bang,
2015). When we categorized scores of over 0.9 in the EQ-5D index as high, the proportion
of people with high HR-QoL was found to be 61.2%, which is considerably lower than the
proportion reported in Bang’s study (76.26%) (Bang, 2015). The two studies seem to use
different inclusion criteria. In the present study, subjects were selected who had all three
MS conditions, but in Bang’s study, the subjects were selected by NCEP-ATP III (Bang,
2015). A higher number of diseases in conjunction with MS contributes to the deterioration
of HR-QoL. Further, other previous studies have also reported different QoL for MS patients
and related factors; this may be a result of variations in terms of measurement tools, the
application of MS criteria, and the morbidity status of other diseases, including chronic
diseases. Nevertheless, all of the previous studies also show the common result that adults
with MS have a lower HR-QoL than non-MS individuals (Wang et al., 2017; Ford and Li,
2008). Thus, in the management of MS, there is a need to identify relevant factors and
provide appropriate interventions that can improve HR-QoL.
The HR-QoL of the two latent classes was found to be related to number of chronic
diseases, number of OPD visits, level of disability, presence of depression, and self-rated
health. This is consistent with the results of a study that reported that the HR-QoL of
elderly patients with MS is related to medical condition, depression, and subjective health
status (Han et al., 2013; Clay et al., 2017; Yoon et al., 2016). In particular, depression showed
higher odds ratios over the two classes; this is consistent with the result showing that one
of the significant predictors of QoL is depression (Han et al., 2013) and that depression is
associated with worsening QoL (Saboya et al., 2017).
Self-rated health status reflects to a person’s own assessment of their overall health and
relates to health promotion behaviors; it is a significant factor for predicting MS scores
(Balasubramanyam et al., 2008; Shin and Kim, 2004).
Consequently, it is considered possible, during interventions, to use these ratings to determine not only the metabolism index of patients’ MS, but also their perception of their
subjective health status. This can then be used to improve HR-QoL and can also be applied
as a factor to stimulate and support patients’ internal motivation.
For the ‘low physical actor with smoking and alcohol’ class, a higher probability of high
QoL was found in cases where three generations of family members lived together, where
the respondent had a job, and where the respondent had no suicidal impulses. This group
contains a large number of males. Previous studies have postulated that men feel a greater
economic burden after retirement than women, as in many cases men are more responsible
for the family’s economic life, and that this reduces men’s will to live and creates suicidal
ideation (Jeon, 2008). This finding may also be related to the fact that when some elderly
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men move in with extended family when they retire, they experience a loss of their previous
role and reduced self-efficacy; this is mainly due to a disconnection from past networks and
inexperience with retired life, and this can ultimately lead to deteriorated quality of life (Lee
and Choi, 2014). In particular, depression in elderly men was found to have an odds ratio
of 5.9; thus, depression should be addressed in men in particular in order to prevent the
development of suicidal impulses (Koo et al., 2014).
In relation to HR-QoL, various factors were found to work together and interact with
each other (Han et al., 2013). However, the interactions between variables affecting the HRQoL of MS patients were not analyzed in this study; thus, care is needed interpreting and
applying the findings to the MS population. As most interventions for improving health
lifestyle behaviors suggested in previous studies were not based on theories (Bassi et al.,
2014), it can be predicted that the effects of QoL-related variables and lifestyle-improvement
interventions can create inconsistent results. Therefore, for future research, it is necessary
to not only examine the interactions between the predictors, but also to conduct structural
modeling to identify how various factors are associated and how this can affect HR-QoL in
MS latent classes.
Although this research holds significance as the first study to provide clinical information
to improve the lifestyles of MS patients by identifying latent classes involving health-related
behaviors and predictors of HR-QoL according to the classes, it has certain limitations. First,
because of gaps in the secondary data used, the sample for this study was selected based on
the presence of hypertension, diabetes, and hyperlipidemia, instead of the usual criteria used
for the diagnosis of MS. For this reason, the results of the present study, particularly for
health-related factors and HR-QoL, might have been overestimated and their generalization
to other populations may be limited. Second, our cross-sectional analysis was unable to
identify the causal relationships that impact HR-QoL; to predict health outcomes such as
metabolic risk factors and HR-QoL, there is a need to use panel data and the latent class
trajectories of individuals’ health-related lifestyles. Finally, dietary habits and stress are also
known to be health lifestyle behaviors that affect MS, but this study did not include these
(due to data limitations); thus, it will be necessary to perform research into various health
lifestyles in the future in order to determine a basis for effective intervention development.

5. Conclusion
This study used 2013 KHP data to analyze the latent classes of Korean adults with MS
and attempted to identify the factors that affect the characteristics of these classes and
patients’ HR-QoL. The results of the analysis showed that there are two latent classes of
Korean adults with MS and that the presence of smoking and alcohol are key factors, that
is related gender difference, that best distinguish the characteristics of these classes.
Therefore, when implementing interventions to improve the HR-QoL of MS patients, the
subjects should be divided according to gender first, and each group is divided into small
classes based on their health lifestyle behaviors. Also, multidisciplinary approach should be
attempted that considers their physical, psychological, and socio-demographic factors. Identifying the causal relationship between differences in health outcomes and influencing factors
through conducting a long-term follow-up of latent classes, should needed to determine the
goals of health care programs for each latent class and intervention priorities.
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