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Abstract

Purpose We aimed to use a structural equation model (SEM) to determine the interrelations between various risk factors,
including latent variables, involved in the development of metabolic syndrome(MetS).

Methods This study used data derived from the MJ Longitudinal Health Check-up Population Database for participants aged
20 to 70 years, who were asymptomatic for MetS at enrollment and were followed up for 5 years. A SEM was applied to
investigate the attributions of MetS and the interrelations between different risk factors.

Results Socioeconomic status (SES), living habits, components of metabolic syndrome (COMetS), and blood pressure had a
diverse impact on the onset of MetS, directly and (or) indirectly. When investigating the latent risk factors and the
interrelations between different risk factors. The standardized total effect (the sum of the direct and indirect effects, ;) of
SES, living habits, blood pressure and COMetS on the onset of MetS was 0.084, —0.179, 0.154, and 0.353, respectively.
SES, as a distal risk factor, directly influenced living habits, blood pressure, and COMetS with standardized regression
coefficients (f3,) of —0.079 (P <0.001), 0.200 (P <0.001), and —0.163 (P <0.001) respectively. Unfavorable living habits
exerted an inverse effect on blood pressure and COMetS (B, = —0.101, P <0.001; g, = —0.463, P <0.001), which was an
important path way for developing MetS.

Conclusions These results demonstrate that individuals with a higher level of SES are susceptible to high blood pressure and
are at increased risk for MetS. Additionally, there is a decrease in exercise and an increase in smoking and consumption of
alcohol corresponded to an increase in metabolic risk factors.
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Introduction

Metabolic syndrome (MetS), a common disease worldwide,
is a cluster of inter-related risk factors for cardiovascular
disease and type 2 diabetes mellitus [1, 2]. With the
increasing prevalence of obesity and sedentary lifestyle,
MetS has become a main public health issue globally, with
an estimated prevalence of 20-25% [3]. However, beyond
lifestyle interventions, available treatments address essen-
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classified into two types: uncontrollable factors, such as age,
sex, and heredity, as well as controllable factors including
living habits and dietary behavior. The action time and
function of distal and proximal factors differ during the
pathogenesis of chronic disease, like MetS, since they are
linked to different processes involved in the emergence and
development of disease. As endocrine and metabolic dis-
eases are induced by an aggregation of risk factors [6], it is
preferable to study a number of variables related to latent
factors (a set of variables that have a strong relationship),
rather than the effect of a single variable. This is accom-
plished by studying observed variables and analysing latent
variables, which cannot be directly observed. Structural
equation model (SEM) is a useful model, which is well-
suited to investigate latent variables and causal relationships
[7].

Additionally, previous studies have tested the construct
validity of MetS, and found latent variables including four
latent risk factors for coronary heart disease: high blood
pressure (systolic and diastolic blood pressure), obesity
(body mass index (BMI) and waist-to-hip ratio), insulin
resistance (fasting insulin, high fasting blood glucose), and
raised blood lipids (triglycerides (TG), and low levels of
high-density lipoprotein (HDL-C)) [8-13]. General logistic
regression models do not consider the interaction between
these factors, which are considered parallel [14]. However,
complex SEMs can be used to analyse attributions, which
are associated and interrelate, such as those involved in the
development of disease [15, 16]. In this study, we aimed to
use an SEM to determine the interrelations between various
risk factors, including latent variables, involved in the
development of MetS to provide a foundation for complex
strategies and measures to prevent and treat the condition.

Materials and methods
Study subjects and measurements

We selected all participants from the 1998 cohort of the MJ
Longitudinal Health Check-up Population Database who
were aged between 20 and 74 years and did not have a
diagnosis of MetS at baseline. Details of the screening
program have been described previously [17-20]. Partici-
pants were followed up until 2002 (five years from base-
line) at which time incidence of MetS was calculated.
Exclusion criteria included being lost to follow-up and
missing information relating to primary variables. Data of
the remaining 15,452 participants were included in the
study.

Outcomes and variables of interest

In the present study, we used information from the National
Cholesterol Educational Program (the revised NCE-P-
ATPIII for Asians in 2004) to define MetS [21], which
requires the presence of three or more of the following five
MetS components: (1) insulin resistance (fasting plasma
glucose (FPG)>100mg/dL or taking hypoglycaemic
drugs); (2) high blood pressure: (SBP 2130 mmHg or
DBP>85mmHg or taking antihypertensive drugs); (3)
hypertriglyceridemia (TG =150 mg/dL or taking statins);
(4) low (HDL-C <40mg/dL in men and <50 mg/dL in
women or taking statins); (5) abdominal obesity (according
to the Asian crowd standard, waist circumference (WC >
90 cm in men and > 80 cm in women)).

The MIJ Health Personal Questionnaire was a self-
administered questionnaire that gathered data of demo-
graphic characteristics, living habits, and physical condi-
tion. Professional variables were categorized into six classes
by ranking from low to high professional reputation.
Research variables and assignments are available in Sup-
plementary Table 1. We conducted data cleaning for esti-
mated analysis variables. Missing values were imputed
using full information maximum likelihood (FIML) within
SEM.

Statistical analysis

First, we conducted an exploratory factor analysis (EFA) to
identify the latent variables underlying the observation
variables [11]. Latent factors were extracted by principal
component analysis and orthogonally underwent varimax
rotation [12]. The number of the extracted factors was
chosen based on the factor eigenvalue (>1) and screeplot
[22]. Second, we performed a confirmatory factor analysis
(CFA) to assess whether extracted latent factors indicated
observation variables and we constructed an initial SEM.
Then we used path graph, which converted a hypothesis
into a mathematical model by collecting survey data to
verify the hypothesis. This allowed direct relationships to be
observed between the variables, including latent and resi-
dual variables, and also provided a visual representation of
indirect relationships between these variables. Finally,
mediation analysis was performed to test these relationships
and calculate confidence intervals of standardized direct,
indirect, and total effects by using a bootstrap procedure
with 5000 iteration [14]. We used Amos (version 22.0),
SPSS (version 22.0) and SAS (version 9.4) for the statistical
analysis. All P values were two-sided, and statistical sig-
nificance was defined as P <0.05.
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Table 1 Characteristics of study participants at baseline

Female Males P value
Population, n (%) 8294 (53.7) 7158 (46.3)
Age (years) 38.09 + 3779+ <0.001
10.90 10.59
Educational level, n (%)
Illiteracy 226 (2.7) 39 (0.5) <0.001
Elementary school 911 (11.0) 427 (6.0)
Junior high school 477 (5.8) 331 (4.6)
Senior high school 2060 (24.8) 1339 (18.7)
Junior college 2226 (26.8) 2018 (28.2)
University 1964 (23.7) 2048 (28.6)
Graduate school and above 430 (5.2) 956 (13.4)
Profession, n (%)
Peasants 65 (0.8) 192 (2.7) <0.001
Households 2204 (26.6) 42 (0.6)
Laborers 703 (8.5) 2084 (29.1)
Businessmen 3352 (40.4) 3173 (44.3)
Civil servants and free 1115 (13.4) 977 (13.6)
lancers
Teachers, soldiers, and 855 (10.3) 690 (9.6)
students
Income (RMB), n (%)
No-income 1714 (20.7) 306 (4.3) <0.001
<400,000 2123 (25.6) 911 (12.7)
400,000-800,000 3204 (38.6) 3176 (44.4)
8,000,000-1,200,000 928 (11.2) 1850 (25.8)
1,200,000-1,600,000 161 (1.9) 432 (6.0)
1,600,000-2,000,000 78 (0.9) 210 (2.9)
>2,000,000 86 (1.0) 273 (3.8)
Smoking (cigarettes), n (%)
No 7790 (93.9) 4366 (61)  <0.001
<5 259 (3.1) 715 (10.0)
5-10 126 (1.5) 560 (7.8)
10-20 98 (1.2) 1080 (15.1)
2040 21 (0.3) 437 (6.1)
Drinking, n (%)
No 7801 (94.1) 5171 (72.2) <0.001
Used o drink 110 (1.3) 312 (4.4)
1-2 drinks/week 263 (3.2) 1143 (16.0)
3—4 drinks/week 68 (0.8) 357 (5.0)
Every day 52 (0.6) 175 2.4)
Exercise, n (%)
No or < 1 h/week 4561 (55) 3063 (42.8) <0.001
1-2 h/week 2059 (24.8) 2000 (27.9)
3—4 h/week 893 (10.8) 1098 (15.3)
>5 h/week 781 (9.4) 997 (13.9)
WC (cm) 69.24 + 79.62 + <0.001
6.70 7.37
HDL-C (mg/dL) <0.001

@ Springer

Table 1 (continued)

Female Males P value
59.95+ 48.996 +
14.22 12.19

TG (mg/dL) 83.56 = 112.74 + <0.001
42.04 65.28

UA (mg/dL) 5.09+1.17 6.89x1.38 <0.001

BMI (kg/mz) 2135+ 23.06 = <0.001
2.89 2.71

SBP (mmHg) 11242 + 118.86 = <0.001
15.35 13.89

DBP (mmHg) 67.92 72.78 = <0.001
9.87 9.73

FPG (mg/dL) 92.87 + 96.35 + <0.001
11.08 14.27

Incidence of MetS after five 468 (5.6) 869 (12.1) <0.001

years, n (%)

Bold values indicate statistically significant results from the analyses

n number of subjects, WC waist circumference, HDL-C high-density
lipoprotein cholesterol, 7G triglyceride, UA uric acid, BMI body mass
index, SBP systolic blood pressure, DBP diastolic blood pressure, FPG
fasting plasma glucose, MetS metabolic syndrome

Results
Characteristics of study participants

The general characteristics of the study participants are
shown in Table 1. Of the participants, 53.7% were women.
The incidence of MetS in women and men after five years
was 5.6% and 12.1%, respectively.

Extraction results of latent analysis variables

EFA of the study sample was conducted and the Kaiser-
Meyer-Olk statistic was determined to be 0.717, which
indicated that the data were suitable for factor analysis. This
revealed four sets of latent factors plus exercise with
eigenvalue greater than 1. These four factors included SES,
living habits, components of metabolic syndrome
(COMetS), and blood pressure. The extraction results of the
latent variables are shown in Table 2 and screeplot is illu-
strated in Supplementary Fig. 1.

Then exercise was regarded as a component of living
habits to simplify indicators. Finally, we were able to
extract four main sets of factors: SES, living habit factors,
COMetS, and blood pressure. CFA model was established
to investigate the correlation between these factors and
resulted in a relatively good fit with the data: chi-square
value (x?) =4908.341, the ratio of x> to the degrees of
freedom = 58.433, root mean square error of approximation
(RMSEA) =0.058, comparative fit index (CFI)=0.782,
tuker-lewis index (TLI)=0.714. Table 3 illustrates that
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Table 2 Extraction results of latent analysis variables (Varimax
orthogonal rotation)®

Latent Indicator Loading Cronbach’s
variables variables coefficient coefficient
SES Education 0.815 0.631
Profession 0.735
Income 0.702
Living habit ~ Smoking 0.792 0.504
Drinking 0.822
COMetS wC 0.790 0.018
TG 0.624
UA 0.579
BMI 0.755
HDL-C —0.658
Disease 0.524
FPG 0.108
Blood SBP 0.901 0.780
pressure DBP 0.893
Exercise Exercise —0.802

*The result of exploratory factor analysis: Kaiser-Meyer-Olk in
measure of sampling adequacy (KMO)=0.717, Bartlett’s test of
sphericity approx: Chi-square = 55737.916, P <0.001)

SES socioeconomic status, COMetS components of metabolic
syndrome, WC waist circumference, TG triglyceride, UA uric acid,
BMI body mass index, HDL-C high-density lipoprotein cholesterol,
Disease incidence of metabolic syndrome after five years, FPG fasting
plasma glucose, SBP systolic blood pressure, DBP diastolic blood
pressure

Table 3 Standardized factor loading of the confirmatory factor analysis

Latent variables Indicator variables Parameter estimation

SES Education 0.878
Profession 0.508
Income 0.465
Living habit Smoking 0.626
Drinking 0.588
Exercise 0.092
COMetS wC 0.968
TG 0.390
UA 0.506
BMI 0.821
HDL-C —0.405
Disease 0.321
FPG 0.162
Blood pressure SBP 0.886
DBP 0.779

SES socioeconomic status, COMetS components of metabolic
syndrome, WC waist circumference, TG triglyceride, UA uric acid,
BMI body mass index, HDL-C high-density lipoprotein cholesterol,
Disease incidence of metabolic syndrome after five years, FPG fasting
plasma glucose, SBP systolic blood pressure, DBP diastolic blood
pressure

SES possessed the highest loading for education (0.878).
Out of all the COMetS, the standardized factor loading of
the WC (0.968) and BMI (0.821) was relatively high.
Additionally, HDL-C was negatively loaded, whereas oth-
ers positively on COMetS.

Construction of path diagram of the SEM

Initial SEM was constructed based on the results of EFA
and CFA to measure the interrelation between risk factors
and explore how these affect the development of MetS.
Education, occupation, and income were indicators of SES,
which influenced individual living habits. The individual
living habits that were measured included smoking, drink-
ing, and exercise. We designated the COMetS as dependent
variables when investigating the influence of SES and living
habits.

Model modification and final model

The final model was constructed after correlation coeffi-
cients of WC and BMI, HDL and TG were added as free
parameters, based on the initial SEM (model 1).The fit
indices improved significantly compared with the model 1,
with the standardized residuals of the final model more
concentrated in [—2, 2] intervals. Of the four different
models, model 3 was determined to be the most suitable
model and identified as the final model, since there were
irrational associations between income and SES in model 4
(shown in Table 4). Figure 1 illustrates that standardized

Table 4 Comparison of the MetS structural equation model fit indices

Model  Content Df X RMSEA CFI  TLI

Model 1 Initial model 81 6843.152 0.074  0.878 0.842

Model 2 Add BP-> 82 12477.748 0.099  0.777 0.715
COMetS?

Model 3 Add WC-BMI 79 5167.460 0.065  0.909 0.878
and HDL-TG"

Model 4 Add education 80 6839.207 0.074  0.879 0.841

level® -income®

MetS metabolic syndrome, Df degrees of freedom, X Chi-square
values, RMSEA root mean squared error of approximation, CFI
comparative fit index, 7L/ tuker-lewis index, BP blood pressure,
COMetS components of metabolic syndrome WC waist circumference,
BMI body mass index, HDL high-density lipoprotein cholesterol, 7G
triglyceride

AUnlike the model 1, the model 2 considered the interrelation between
blood pressure and COMetS

"In the model 1, it was assumed that WC and BMI were not directly
related, but they might be correlated in the model 3. Meanwhile, the
relationship between HDL and TG was also indirectly, so they were
correlated in the model 3

In the model 1, it was assumed that education and income were not
directly related, but they might be correlated in the model 4
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Fig. 1 Structural Equation
Modeling for the Associations
between SES, living habits,
blood pressure, COMetS and
MetS P values <0.001, ® P

MetS

Disease

values < 0.05, Oval shapes )
represent latent factors, and Education | 3
0.850 -
rectangular ones connote 0 87757 SBP
directly measured variable, SES '
socioeconomic status, MetS
TIleFabolic syndrome,.Disease Profession
incidence of metabolic 0.5222 pressure
syndrome after fiveyears, SBP
systolic blood pressure, DBP
diastolic blood pressure, WC > DBP
waist circumference, BMI body Income |- - 0.788
mass index, HDL-C high- 0.482 ]
density lipoprotein cholesterol, -0.0791
TG triglyceride, UA uric acid,
FPG fasting plasma glucose, . P
COMetS components of Smoking <& 0.680° oso ™ WC
metabolic syndrome
a
0.645
Drinking | /'-i"if‘g COMets —»  BMI
0.5442 habits 0.621
| HDL-C
_ -0.467°
Exercise [«
0.072°
0.173% 0.6087 0.470% .
v \ Y -0.139
FPG UA TG

coefficient (f,) of SES on living habits, blood pressure
factors, and COMetS was —0.079 (P <0.001), 0.200 (P <
0.001), and —0.163 (P <0.001), respectively. Living habits
were inversely associated with blood pressure and COMetS
(p,=—0.101, P<0.001; p,=—-0.463, P<0.001), which
was an important pathway leading to MetS. Table 5 shows
that the standardized total effect (the sum of the direct and
indirect effects, f) of SES, living habits, blood pressure,
and COMetS on the onset of MetS was 0.084 (95% con-
fidence interval (CI) 0.063, 0.104), —0.179 (95% CI
—0.192, —0.166), 0.154 (95% CI 0.135, 0.174) and 0.353
(95% CI 0.333, 0.375), respectively. Besides, there were
still significant indirect effects and direct effects after
mediation testing (shown in Table 5).

Discussion

This study has demonstrated that individuals with a higher
level of SES were susceptible to high blood pressure and at
increased risk for MetS by using SEM model. With
development of the medical research field, it has become

@ Springer

important to study and analyse the relationship between
social and behavioral factors that affect people’s health.
This is resulting in a gradual increase in use of SEMs in
medicine [23-31]. In previous studies, CFA has been used
to study the construct validity of MetS. Those results state
that MetS is a latent variable and includes four potential risk
factors for coronary heart disease: hypertension (e.g., SBP
and DBP), obesity (e.g., BMI and WC), insulin resistance
(e.g., FINS and FPG), and hyperlipidaemia (e.g., TG and
HDL-C) [8-13]. Therefore, we constructed the latent vari-
able path graph and the SEM model based on past theories.
Compared with those previous works, the present study
analysed the influence of different factors on the onset of
MetS, which focused on the direct and indirect effects.
Additionally, previous studies on model fitting evalua-
tion index have reported that the standard Chi-square value
is applicable for N <200. When N> 200, Chi-square tests
are not suitable [32]. In our study, our sample included
more than 200 participants; hence, the Chi-square value was
not suitable for model fitting for our sample, although other
fitting tests unrestricted by the sample size are relatively
good. The fitting model results indicated that the main fit
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Table 5 The effect of of MetS structural equation model*

Association

Standardized direct
effect

Standardized indirect
effect

Standardized total effect
b

Associations between latent variables

SES — disease

Living habits — disease

Blood pressure — disease

COMetS — disease
SES — blood pressure

Living habits — blood
pressure

SES - living habits

SES — COMetS

Blood pressure —
COMetS

Living habits — COMetS

Associations between latent variable with its indicator variables

SES — education
SES — profession

SES — income

Blood pressure — SBP
Blood pressure - DBP
Living habits — smoking
Living habits — drinking

Living habits — exercise

COMetS - WC
COMetS — BMI
COMetS — HDL-C

COMetS - TG
COMetS - UA
COMetS — FPG

0.096 (0.076, 0.117)

NA

0.356 (0.336, 0.377)
0.353 (0.333, 0.375)
0.200 (0.175, 0.222)

~0.101 (—0.132,
—0.071)

—0.079 (=0.111,
—0.048)

—0.162 (—0.185,
—0.139)

0.356 (0.336, 0.377)

—0.463(—0.488,
—0.438)

0.850 (0.820, 0.883)
0.522 (0.500, 0.541)
0.482 (0.458, 0.505)
0.877 (0.857, 0.897)
0.788 (0.769, 0.806)
0.680 (0.647, 0.716)
0.544 (0.516, 0.572)
0.072 (0.044, 0.098)
0.809 (0.796, 0.822)
0.621 (0.605, 0.638)

—0.467 (—0.483,
—0.452)

0.470 (0.451, 0.490)
0.608 (0.594, 0.622)
0.173 (0.152, 0.195)

Associations between latent variable with other variables

SES — SBP
SES — DBP
SES — smoking

SES — drinking
SES — exercise
SES - WC
SES — BMI

SES — HDL-C
SES - TG

NA
NA
NA

NA

NA

NA

NA

NA
NA

~0.012 (~0.024,
~0.001)

NA

NA
NA
0.008 (0.004, 0.012)
NA

NA

0.111 (0.093, 0.128)

NA

—0.036 (—0.046,
—0.026)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA

0.182 (0.159, 0.204)
0.164 (0.146, 0.180)

—0.054 (-0.075,
—0.033)

—0.043 (-0.062,
—0.026)

—0.006 (—0.009,
—0.003)

—0.042 (-0.065,
—0.020)

—0.032 (—0.049,
—0.015)

0.024 (0.011, 0.038)

0.084 (0.063, 0.104)

~0.179 (—0.192,
—0.166)

0.356 (0.336, 0.377)
0.353 (0.333, 0.375)
0.208 (0.183, 0.230)

~0.101 (—0.132,
—0.071)

~0.079 (—0.111,
—0.048)

—0.052 (-0.080,
—0.025)

0.356 (0.336, 0.377)

—0.499 (—0.526,
—0.472)

0.850 (0.820, 0.883)
0.522 (0.500, 0.541)
0.482 (0.458, 0.505)
0.877 (0.857, 0.897)
0.788 (0.769, 0.806)
0.680 (0.647, 0.716)
0.544 (0.516, 0.572)
0.072 (0.044, 0.098)
0.809 (0.796, 0.822)
0.621 (0.605, 0.638)

—0.467 (—0.483,
—0.452)

0.470 (0.451, 0.490)
0.608 (0.594, 0.622)
0.173 (0.152, 0.195)

0.182 (0.159, 0.204)
0.164 (0.146, 0.180)

—0.054 (-0.075,
—0.033)

—0.043 (-0.062,
—0.026)

—0.006 (—0.009,
—0.003)

—0.042 (-0.065,
—0.020)

—0.032 (—0.049,
—0.015)

0.024 (0.011, 0.038)
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Table 5 (continued)

Association Standardized direct Standardized indirect Standardized total effect
effect effect °

—0.024 (—0.038, —0.024 (—0.038,
—-0.012) —-0.012)

SES - UA NA —0.031 (—0.049, —0.031 (—0.049,
—0.015) —0.015)

SES —» FPG NA —0.009 (—0.014, —0.009 (—0.014,
—0.004) —0.004)

Living habits - SBP NA —0.089 (—0.115, —0.089 (—0.115,
—0.062) —0.062)

Living habits —» DBP NA —0.080 (—0.105, —0.080 (—0.105,
—0.055) —0.055)

Living habits - WC NA —0.404 (—0.426, —0.404 (—0.426,
—0.381) —0.381)

Living habits - BMI NA —0.310 (—0.328, —0.310 (—0.328,
—0.293) —0.293)

Living habits — HDL-C NA 0.233 (0.219, 0.247) 0.233 (0.219, 0.247)

Living habits — TG NA —0.235 (—0.251, —0.235 (—0.251,
-0.219) -0.219)

Living habits —» UA NA —0.304 (—0.321, —0.304 (—0.321,
—0.286) —0.286)

Living habits — FPG NA —0.086 (—0.098, —0.086 (—0.098,
—0.075) —0.075)

Blood pressure - WC NA 0.288 (0.272, 0.306) 0.288 (0.272, 0.3006)

Blood pressure — BMI NA 0.221 (0.207, 0.235) 0.221 (0.207, 0.235)

Blood pressure — HDL- NA —0.166 (—0.177, —0.166 (—0.177,

C —0.156) —0.156)

Blood pressure —» TG NA 0.168 (0.156, 0.179) 0.168 (0.156, 0.179)

Blood pressure - UA NA 0.217 (0.203, 0.230) 0.217 (0.203, 0.230)

Blood pressure — FPG NA 0.062 (0.053, 0.071) 0.062 (0.053, 0.071)

*The 95% confidence intervals within the parentheses

"Standardized total effect is the sum of standardized direct and indirect effects

SES socioeconomic status, COMetS components of metabolic syndrome, NA no analysis, Disease incidence of metabolic syndrome after five
years, WC waist circumference, BMI body mass index, HDL-C high-density lipoprotein cholesterol, FPG fasting plasma glucose, UA uric acid, TG

triglyceride, SBP systolic blood pressure, DBP diastolic blood pressure

index CFI and TLI were more than 0.800, with a RMSEA
value of 0.065, suggesting a relative good fit.

Individuals with high level of SES should pay more
attention to prevent the occurrence of MetS, since SES, as a
distal risk factor, directly influenced living habits, blood
pressure, and COMetS through this pathway and indirectly
prevented metabolic diseases. These results suggested that
the influence of individual living habits and COMetS
negatively correlated with increasing SES. However, the
correlation between BP and MetS was positive. Overall,
these results indicated that participants increasingly suffered
from MetS who had a higher-level SES, which differed
from the results of previous studies that reported an inverse
association between SES and developing MetS [33-35].
This might be explained by the general logistic regression
model that was used by those previous works, disregarding
the interrelation between risk factors and the latent factors.

@ Springer

Unfavorable living habits were inversely associated with
blood pressure and COMetS, which was an important
pathway leading to MetS. Our results also illustrated that
factors associated with living habits had an important
influence on COMetS. We found that less exercise, more
smoking, and increased consumption of alcohol corre-
sponded with an increase in metabolic risk factors.

When investigating the latent risk factors and the inter-
relations between different risk factors, SES, blood pres-
sure, and COMetS positively correlated with the onset of
MetS. However, unfavorable living habits correlated nega-
tively with the development of MetS. Specifically, HDL-C
on COMetS was measured by concentration (mg/dL) means
reverse coded was inappropriate, and negative coefficient
suggested that HDL-C worked against the COMetS latent
variable, which coincided with previous research [11, 36,
37]. Overall, blood pressure and COMetS had a strong
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correlation with the onset of MetS. Additionally, SES and
living habits, as distal and proximal factors respectively,
had a different effect on the development of MetS.

Our study reveals several advantages of SEM application
for MetS compared with the traditional analysis methods.
First, when studying the pathogenesis of MetS, a more
thorough analysis is possible if we allocate latent variables
for different stages of development of the disease. When
studying determinants of health, it is easy to generate con-
ceptual bias using single-measurement social indicators,
particularly with SES, for which there are multiple indices.
Second, an SEM can be used to construct a network of
latent variables for each of the multiple indicators for
pathogenesis and to study the relationship between these
variables [11]. Third, the multicollinearity of independent
variables can be investigated after introducing latent vari-
ables. Fourth, the multicollinearity of independent variables
can be investigated using latent variables, as can the mea-
surement error, to improve the accuracy of parameter esti-
mation [38]. Last, the SEM is a robust model because it uses
a multiple sequence correlation coefficient matrix to fit the
data.

However, there are certain problems that need to be
discussed. For example, unless the model is specifically
designed to explore the causal effect between variables, it
cannot be proved that there is a causal relationship [39]. In
1990, Marsh [40] suggested that when using longitudinal
data there should be at least two time measurement points,
that multiple indicators should be used to calculate latent
variables, and that when the sample size was large enough,
the significance of different models and the meaning of
index error correlation should be considered. We used
longitudinal data in our fitting, so we can confirm that there
were some causal relationships. Another limitation in our
research is that there are some disadvantages when inter-
preting the results. The introduction of latent variables is the
major advantage of the SEM, which can solve a problem of
measuring of a single variable. However, whether the
measure really reflects the latent variables, or the observed
variables that correspond to the latent variables, is still a
matter of debate [41, 42]. In addition, although CFA was
conducted based on theories in this study, the low stan-
dardized estimates in some of the standardized factor
loadings suggested that perhaps there could be a better
specification of the measurement model for the SEM.

In conclusion, the present study demonstrated that the
onset of MetS was related to SES, living habits, COMetS,
and blood pressure factors, which affected the development
of MetS directly and(or) indirectly. Additionally, SES was
found to have a negative correlation with living habits and
COMetS but a positive association with blood pressure
through this pathway, indirectly influencing the onset of
MetS. Furthermore, unfavorable living habits were found to

be inversely associated with blood pressure and COMetS,
which was a crucial pathway leading to MetS. These results
raised awareness of the relationship between SES and MetS,
and suggested the need for a comprehensive management of
MetS and its treatment.
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