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Abstract
Background: Metabolic syndrome (MetS) is a multifaceted health condition influenced by physiological and lifestyle factors,
leading to increased risks of cardiovascular disease and other chronic health issues. Lifestyle behaviors often manifest in
various clustering patterns, and evidence of their impact on MetS remains limited.
Objective: This study explores the relationship of latent classes of lifestyle behaviors with the risk of MetS and its compo-
nents.
Methods: This cross-sectional study used data from Taiwan’s 2020‐2022 Adult Preventive Health Services Database, which
was linked to 2020‐2022 National Health Insurance claim data. The study included 241,156 adults aged 40 years and older
who participated in adult preventive health services between 2020 and 2022. Lifestyle behaviors were assessed through
smoking, alcohol consumption, betel quid chewing, and physical activities. Latent class analysis was used to identify lifestyle
behavior patterns, while binary logistic regression examined the association of these patterns with MetS risk and its compo-
nents.
Results: The latent class analysis identified 5 distinct lifestyle behavior patterns, with an overall MetS prevalence of
35.72% (86,143/241,156). Compared to the “healthy lifestyle” group (27,465/241,156, 11.39% prevalence), the “insufficiently
physically active (IPA)” group (182,101/241,156, 75.51%, adjusted odds ratio [aOR] 1.41, 95% CI 1.37‐1.45; P<.001),
the “occasional drinking but physically active” group (18,244/241,156, 7.57%, aOR 1.27, 95% CI 1.21‐1.32; P<.001), the
“occasional drinking and regular smoking with IPA” group (9539/241,156, 3.96%, aOR 2.38, 95% CI 2.26‐2.50; P<.001),
and the “unhealthy in all behaviors” group (3807/241,156, 1.58%, aOR 2.38, 95% CI 2.22‐2.55; P<.001) showed significantly
higher odds of developing MetS. Compared to the “healthy lifestyle” group, all other lifestyle patterns were also associated
with significantly higher odds of central obesity (P<.001), elevated blood pressure (P<.001), elevated fasting blood glucose
(P<.001), elevated fasting triglycerides (P<.001), and reduced high-density lipoprotein cholesterol (P<.001), with the most
potent effects observed in the “occasional drinking and regular smoking with IPA” group and the “unhealthy in all behaviors”
group. An exception was noted for the “occasional drinking but physically active” group, which showed a significantly lower
likelihood of reduced high-density lipoprotein cholesterol (aOR 0.90, 95% CI 0.85‐0.94; P<.001).
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Conclusions: Engaging in sufficient physical activity and adopting multibehavior interventions tailored to specific lifestyle
patterns are crucial for effectively preventing MetS in adults.
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Introduction
Metabolic syndrome (MetS) is a multifactorial disorder
marked by a cluster of interrelated metabolic abnormalities,
including central obesity, insulin resistance, and elevated
blood pressure [1]. These conditions synergistically elevate
the risk of type 2 diabetes, cardiovascular disease, stroke,
and cognitive impairment, making MetS a critical global
public health issue [2]. MetS has become a significant public
health concern in Taiwan, with approximately 34.2% of
adults aged over 50 years affected by this condition [3]. This
high prevalence underscores the urgent need for effective
prevention and intervention strategies.

The etiology of MetS extends beyond biological pre-
dispositions, involving a complex interplay of lifestyle
and environmental exposure. In East and Southeast Asia,
including Taiwan, behavioral risk factors such as tobacco use,
alcohol consumption, physical inactivity, unhealthy dietary
habits, and betel quid chewing are especially prevalent and
contribute substantially to cardiometabolic disease burden
[4,5]. In Taiwan, the prevalence of smoking among adults
aged 18 years and over was reported at 12.8% in 2024, with
higher rates observed among men [6]. Betel quid chewing
remains a notable concern, particularly among men, with
prevalence rates ranging from 1.6% to 15.4% across various
regions [7]. Betel quid chewing has been linked to oxidative
stress, inflammation, and insulin resistance, yet it remains
under-investigated in MetS research [8].

Emerging research has shifted from evaluating isolated
lifestyle factors to examining how unhealthy behaviors cluster
within individuals [9,10]. This clustering effect is known to
amplify health risks beyond the additive effects of single
behaviors. Some studies have applied healthy lifestyle indices
or scores to quantify these risks, such as composite met-
rics that often dichotomize behaviors (eg, active vs inac-
tive), potentially obscuring nuanced behavior patterns and
underestimating outcomes variability [10-12].

Latent class analysis (LCA) offers a more sophistica-
ted approach to uncover underlying subgroups of individu-
als who share similar patterns of lifestyle behaviors [13].
This person-centered methodology can reveal heterogeneity
in health risk profiles that traditional methods overlook.
However, few population-based studies have applied LCA
to investigate lifestyle behavior patterns, including culturally
specific practices, like betel quid chewing, related to MetS
and its components among Taiwanese adults. Therefore, this
study aimed to identify lifestyle behavior patterns using LCA
and assess their associations with MetS and its components in
a population-based study of Taiwanese adults, with particular
attention to the role of betel quid chewing.

Methods
Study Design
This nationwide cross-sectional study analyzed data from the
Adult Preventive Health Services Database (APHSD), which
was linked to National Health Insurance (NHI) claims data
from 2020 to 2022. The study adhered to the Strengthen-
ing the Reporting of Observational Studies in Epidemiology
guidelines for cross-sectional research (see Checklist 1).
Data Source and Study Population
This study analyzed data from the APHSD, obtained from
the Health Promotion Administration, Ministry of Health
and Welfare (MOHW), Taiwan, which were linked to NHI
claims data from 2020 to 2022 managed by the Health
and Welfare Data Science Center (HWDC), MOHW. The
service offers free health checkups for residents aged 40
years and older and individuals with a history of polio aged
35 years and older at clinics and hospitals in Taiwan. The
study included individuals aged 40 years and older who
accessed adult preventive health services during this period.
Only the most recent record was retained for those with
multiple visits, resulting in an initial dataset of 4,502,104
individuals. After excluding individuals with polio (Interna-
tional Classification of Diseases, Tenth Revision, Clinical
Modification [ICD-10-CM]: A80.0-A80.2, A80.30-A80.39),
individuals with missing data, or those identified as outliers
(483,051 individuals), a final pool of 4,019,053 participants
was established. A stratified random sampling method was
applied, selecting 6% of that final participant pool based on
gender and 5-year age intervals, leading to a final sample size
of 241,156 individuals. As shown in Table S1 in Multimedia
Appendix 1, there were no significant differences between the
sample population and the overall population.
Lifestyle Variables
This study included four lifestyle behaviors for this analysis:
physical activity, cigarette smoking, alcohol drinking, and
betel quid chewing status in the past 6 months. Cigarette
smoking status was collected by answering the question,
“In the past six months, what is your smoking status?”
(Answer options: no smoking, smoking only during social
occasions, smoking one or less pack per day, and smoking
more than one pack per day). Alcohol consumption was
measured by the question, “In the past six months, what is
your alcohol drinking status?” (Answer options: no drinking,
drinking only during social occasions, and regular drinking).
Participants reported their betel quid chewing status through
the question, “In the past six months, what is your betel
quid chewing status?” (Answer options: no chewing, chewing
only during social occasions, and regular chewing). Physical
activity was measured with the following question: “In the
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last two weeks, have you done any physical activity for more
than 150 minutes per week?” (Answer options: no; yes, but
less than 150 minutes per week; yes, and more than 150
minutes per week). We categorized the status of cigarette
smoking, alcohol consumption, and betel quid chewing into
three levels: no, occasional smoking/drinking/chewing, and
regular smoking (smoking one or more than one pack per
day)/drinking/chewing. Data on physical activity were also
defined as three levels: no, moderate, and sufficient activ-
ity. Each behavior (smoking, drinking, betel quid chewing,
and physical activity) was a mutually exclusive categorical
variable.

MetS and Its Risk Components
The participants underwent a physical examination and
routine blood and urine laboratory tests to measure waist
circumference, systolic blood pressure, diastolic blood
pressure, fasting plasma glucose, high-density lipoprotein
cholesterol (HDL-C), and triglycerides. The MetS risk
components included central obesity, elevated blood pressure,
elevated fasting glucose, elevated fasting triglycerides, and
reduced HDL-C [14]. MetS was defined as the presence of 3
or more of its risk components [14]. Table S2 in Multimedia
Appendix 1 defines those MetS risk components.
Statistical Analysis
LCA was performed to categorize patterns of lifestyle.
The optimal number of lifestyle patterns was identified
by selecting the model with the lowest values of Akaike
information criteria, Bayesian information criteria (BIC),
consistent Akaike information criterion, and sample-size

adjusted BIC, indicating superior model fit [15,16]. The
Bayesian factor (BF) is a ratio comparing the likelihood of
2 competing models, where 1<BF<3 indicates weak support,
3<BF<20 indicates moderate support, and BF>20 indicates
strong support for the model with K classes compared to
a model with a K+1 class [17]. Correct model probabil-
ity (cmP) estimates the likelihood that each model is the
“correct” one among those considered, with the model having
the highest cmP being selected [16]. Fit statistics from the
1- to 6-class models to identify appropriate lifestyle pat-
terns are shown in Table S3 in Multimedia Appendix 1.
Akaike information criteria, BIC, consistent Akaike informa-
tion criterion, sample size–adjusted BIC, BF, and cmP values
favored the 5-class model. The 5-class model was selected
to define patterns of lifestyle in this study. A model with 5
latent classes was chosen: “healthy lifestyle” group, “insuffi-
ciently physically active (IPA)” group, “occasional drinking
but physically active” group, “occasional drinking and regular
smoking with IPA” group, and “unhealthy in all behaviors”
group (Figure 1).

This study used the χ2 test to examine the similarity
in the distribution of demographics, lifestyle, and MetS
and its risk components between the sampled population
and the general population, as well as the differences
in demographics and lifestyle across different lifestyle
clusters. Binary logistic regression was used to assess the
association between lifestyle patterns and MetS risk. We
also considered gender and age covariates to adjust in the
multivariable regression. The analysis used SAS version
9.4 (SAS Institute Inc). A 2-tailed P value of .05 was
considered statistically significant.

Figure 1. Latent profiles of lifestyle patterns identified by a 5-class model based on latent class analysis using Taiwan’s nationwide claims data from
2020 to 2022.

Ethical Considerations
This study analyzed secondary administrative data from
the APHSD (provided by the Health Promotion Administra-
tion, MOHW, Taiwan) and NHI claims data (managed by
the HWDC, MOHW, Taiwan). The protocol was approved

by the institutional review board of National Cheng Kung
University (approval no. 112‐595). All data were fully
deidentified and could not be traced to individual identi-
ties; thus, informed consent was waived. Analyses were
conducted within the secure HWDC environment, with no
access to direct identifiers. Only aggregated results were
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exported, ensuring confidentiality. As no direct contact with
participants occurred, no compensation was provided. The
manuscript and supplementary materials include no identifia-
ble images, so no image-use consent forms were required.

Results
Table 1 summarizes the descriptive statistics and bivari-
ate analyses of adults based on LCA. Among the study

participants, 57.29% (138,149/241,156) were female, and
46.89% (113,075/241,156) were between 45 and 64 years
old. Regarding lifestyle behaviors, 8.34% (20,111/241,156)
were regular smokers, 10.57% (25,490/241,156) occasionally
consumed alcohol, 2.74% (6604/241,156) occasionally or
regularly chewed betel quid, and 57.89% (139,608/241,156)
reported no physical activity.

Table 1. Demographic and lifestyle profiles of 5 subgroups identified by latent class analysis using Taiwan’s nationwide claims data from 2020 to
2022.

Variables
Total sample
(N=241,156)

Healthy
lifestyle
(n=27,465)

IPAa
(n=182,101)

Occasional
drinking but
physically
active
(n=18,244)

Occasional drinking
and regular smoking
with IPA (n=9539)

Unhealthy in all
behaviors (n=3807) P value

Gender, n (%) <.001
  Female 138,149 (57.29) 16,429 (59.82) 113,568 (62.37) 5854 (32.09) 1756 (18.41) 542 (14.24)
  Male 103,007 (42.71) 11,036 (40.18) 68,533 (37.63) 12,390 (67.91) 7783 (81.59) 3265 (85.76)
Age (y), n (%) <.001
  40‐44 24,483 (10.15) 1377 (5.01) 18,416 (10.11) 2356 (12.91) 1684 (17.65) 650 (17.07)
  45‐54 53,087 (22.01) 4197 (15.28) 39,315 (21.59) 4982 (27.31) 3310 (34.70) 1283 (33.70)
  55‐64 59,988 (24.88) 6660 (24.25) 44,398 (24.38) 5115 (28.04) 2690 (28.20) 1125 (29.55)
  65‐74 65,711 (27.25) 10,440 (38.01) 48,810 (26.80) 4363 (23.91) 1502 (15.75) 596 (15.66)
  75‐84 28,442 (11.79) 4071 (14.82) 22,711 (12.47) 1219 (6.68) 308 (3.23) 133 (3.49)
  85+ 9445 (3.92) 720 (2.62) 8451 (4.64) 209 (1.15) 45 (0.47) 20 (0.53)
Lifestyle, n (%)
  Cigarette smoking <.001
   No 215,852 (89.51) 26,410 (96.16) 171,551 (94.21) 16,270 (89.18) 1496 (15.68) 125 (3.28)
   Occasional 5193 (2.15) 0 (0) 2155 (1.18) 1370 (7.51) 1655 (17.35) 13 (0.34)
   Regular 20,111 (8.34) 1055 (3.84) 8395 (4.61) 604 (3.31) 6388 (66.97) 3669 (96.38)
  Alcohol consumption <.001
   No 210,877 (87.44) 267,67 (97.46) 182,101 (100) 314 (1.72) 1282 (13.44) 413 (10.85)
   Occasional 25,490 (10.57) 0 (0) 0 (0) 16,973 (93.03) 8064 (84.54) 453 (11.90)
   Regular 4789 (1.99) 698 (2.54) 0 (0) 957 (5.25) 193 (2.02) 2941 (77.25)
  Betel quid chewing <.001
   No 234,552 (97.26) 27,442 (99.92) 181,922 (99.90) 18,164 (99.56) 5543 (58.11) 1481 (38.90)
   Occasional 4194 (1.74) 0 (0) 0 (0) 68 (0.37) 3763 (39.45) 363 (9.54)
   Regular 2410 (1.00) 23 (0.08) 179 (0.10) 12 (0.07) 233 (2.44) 1963 (51.56)
  Physical activity <.001
   No 139,608 (57.89) 698 (2.54) 124,138 (68.17) 5880 (32.23) 6413 (67.23) 2479 (65.12)
   Occasional 69,285 (28.73) 0 (0) 57,963 (31.83) 7455 (40.86) 2886 (30.25) 981 (25.77)
   Regular 32,263 (13.38) 26,767 (97.46) 0 (0) 4909 (26.91) 240 (2.52) 347 (9.11)

aIPA: insufficiently physically active.

Each pattern’s demographic and lifestyle characteristics
varied significantly (Figure 1; Table 1). The class preva-
lence of the IPA group was 75.51% (182,101/241,156),
indicating suboptimal health among participants who had
low likelihood of occasional or regular smoking, consuming
alcohol, or chewing betel quid, as well as a low probabil-
ity of sufficient physical activity. Approximately 11.39%
(27,465/241,156) of the study participants, classified as the

“healthy lifestyle” group, had a very low likelihood of
smoking, alcohol consumption, and betel quid chewing and a
higher likelihood of engaging in sufficient physical activ-
ity. The “occasional drinking but physically active” group,
with the second highest probability of occasional drinking
and the highest probabilities of moderate and sufficient
physical activity, represented 7.57% (18,244/241,156) of
the study population. The “occasional drinking and regular
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smoking with IPA” group comprised 3.96% (9539/241,156)
of the study population. Only a few participants (1.58%,
3807/241,156) were categorized as the “unhealthy in all
behaviors” group, characterized by high likelihoods of regular
drinking, smoking, betel quid chewing, and insufficient
physical activity. Males and middle-aged individuals were
significantly overrepresented in the “occasional drinking and
regular smoking with IPA” group, as well as the “unhealthy
in all behaviors” group. Those in the “occasional drinking and
regular smoking with IPA” group and the “unhealthy in all
behaviors” group had more unhealthy behaviors in various
domains of lifestyle (P<.001).

Among the total sample of 241,156 participants, the
prevalence of MetS was 35.72% (86,143/241,156) (Table
2). The prevalence of MetS varied across latent classes,
being the lowest in the “healthy lifestyle” group at 29.84%
(8195/27,465) and the highest in the “unhealthy in all
behaviors” group at 47.10% (1793/3807). Central obesity
was present in 48.69% (117,425/241,156) of the total sample

and was most common in the “unhealthy in all behaviors”
group (49.57%, 1887/3807). The “unhealthy in all behaviors”
group exhibited the highest prevalence of elevated blood
pressure, with 65.85% (2507/3807) affected. Elevated fasting
blood glucose was prevalent in 41.17% (99,278/241,156)
and was most common in the “unhealthy in all behaviors”
group (45.50%, 1732/3807) and in the “occasional drinking
and regular smoking with IPA” group (44.17%, 4213/9539).
Elevated fasting triglycerides were prevalent in 29.47%
(71,069/241,156) of the sample, notably increasing in the
“unhealthy in all behaviors” group to 54.40% (2071/3807).
Additionally, reduced HDL-C levels were present in 26.40%
(63,672/241,156) of the total population, with the highest
prevalence seen in the “occasional drinking and regular
smoking with IPA” group (30.49%, 2908/9539) and the
“IPA” group (27.83%, 50,677/182,101). Overall, MetS and
its risk components were significantly higher in the “occa-
sional drinking and regular smoking with IPA” group and the
“unhealthy in all behaviors” group.

Table 2. Metabolic syndrome and its components in 5 subgroups by latent class analysis using Taiwan’s nationwide claims data from 2020 to 2022.

Variables
Total sample
(N=241,156)

Healthy lifestyle
(n=27,465) IPAa (n=182,101)

Occasional
drinking but
physically active
(n=18,244)

Occasional
drinking and
regular smoking
with IPA
(n=9539)

Unhealthy in all
behaviors
(n=3807) P value

Metabolic syndrome, n (%) <.001
  No 155,013 (64.28) 19,270 (70.16) 116,454 (63.95) 12,201 (66.88) 5074 (53.19) 2014 (52.9)
  Yes 86,143 (35.72) 8195 (29.84) 65,647 (36.05) 6043 (33.12) 4465 (46.81) 1793 (47.1)
Central obesity, n (%) <.001
  No 123,731 (51.31) 15,436 (56.20) 92,093 (50.57) 9695 (53.14) 4587 (48.09) 1920 (50.43)
  Yes 117,425 (48.69) 12,029 (43.80) 90,008 (49.43) 8549 (46.86) 4952 (51.91) 1887 (49.57)
Elevated blood pressure, n (%) <.001
  No 104,144 (43.19) 11,724 (42.69) 79,800 (43.82) 7698 (42.19) 3622 (37.97) 1300 (34.15)
  Yes 137,012 (56.81) 15,741 (57.31) 102,301 (56.18) 10,546 (57.81) 5917 (62.03) 2507 (65.85)
Elevated fasting blood glucose, n (%) <.001
  No 141,878 (58.83) 16,521 (60.15) 107,013 (58.77) 10,943 (59.98) 5326 (55.83) 2075 (54.50)
  Yes 99,278 (41.17) 10,944 (39.85) 75,088 (41.23) 7301 (40.02) 4213 (44.17) 1732 (45.50)
Elevated fasting triglycerides, n (%) <.001
  No 170,087 (70.53) 21,298 (77.55) 129,605 (71.17) 12,675 (69.47) 4773 (50.04) 1736 (45.60)
  Yes 71,069 (29.47) 6167 (22.45) 52,496 (28.83) 5569 (30.53) 4766 (49.96) 2071 (54.40)
Reduced HDL-Cb, n (%) <.001
  No 177,484 (73.60) 21,757 (79.22) 131,424 (72.17) 14,915 (81.75) 6631 (69.51) 2757 (72.42)
  Yes 63,672 (26.40) 5708 (20.78) 50,677 (27.83) 3329 (18.25) 2908 (30.49) 1050 (27.58)

aIPA: insufficiently physically active.
bHDL-C: high-density lipoprotein cholesterol.

MetS and its risk components significantly varied across the
groups with different lifestyle patterns (Tables 3 and 4).
After adjusting for age and gender, the highest likelihood
of MetS and its risk components was observed in partici-
pants who regularly smoked, drank alcohol, chewed betel
quid, and had insufficient physical activity. Specifically, those
in the “unhealthy in all behaviors” group had significantly
elevated odds of high fasting triglycerides (adjusted odds ratio
[aOR] 3.16, 95% CI 2.95‐3.40; P<.001) and MetS overall

(adjusted OR 2.38, 95% CI 2.22‐2.55; P<.001) compared to
the “healthy lifestyle” group. The next highest risk group was
those with occasional drinking, regular smoking, and IPA,
with an odds ratio of 2.70 (95% CI 2.56‐2.84; P<.001) for
elevated triglycerides and 2.38 (95% CI 2.26‐2.50; P<.001)
for MetS. Compared with the “healthy lifestyle” group, the
IPA group also consistently displayed elevated risks across
all MetS and its risk components, particularly for MetS (aOR
1.41; 95% CI 1.37-1.45; P<.001), central obesity (aOR 1.30;
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95% CI 1.27-1.34; P<.001), elevated triglycerides (aOR
1.40; 95% CI 1.36-1.45; P<.001), and reduced HDL-C (aOR
1.46; 95% CI 1.42-1.51; P<.001). The “occasional drinking
but physically active” group also presents significantly

heightened risks for MetS and its components, though with
some variation, including a reduced likelihood of low HDL-C
(aOR 0.90; 95% CI 0.85-0.94 P<.001).

Table 3. The likelihood of metabolic syndrome and its risk components (central obesity and elevated blood pressure) between each lifestyle subgroup
based on Taiwan’s nationwide claims data from 2020 to 2022.a

Variables
Metabolic syndrome,
aORb (95% CI)

Central obesity, aOR
(95% CI)

Elevated blood pressure, aOR
(95% CI)

Lifestyle subgroup
  Healthy lifestyle Ref Ref Ref
  IPAc 1.41 (1.37‐1.45) 1.30 (1.27‐1.34) 1.06 (1.04‐1.09)
  Occasional drinking but physically active 1.27 (1.21‐1.32) 1.40 (1.34‐1.45) 1.13 (1.09‐1.18)
  Occasional drinking and regular smoking with IPA 2.38 (2.26‐2.50) 1.91 (1.82‐2.00) 1.44 (1.37‐1.51)
  Unhealthy in all behaviors 2.38 (2.22‐2.55) 1.76 (1.64‐1.89) 1.66 (1.55‐1.79)
Gender
  Female Ref Ref Ref
  Male 1.13 (1.11-1.15) 0.66 (0.65-0.67) 1.45 (1.42‐1.47)

aP<.001 for all comparisons with the healthy lifestyle group and female group.
baOR: adjusted odds ratio; age of participants was adjusted in the binary logistic regression model as well.
cIPA: insufficiently physically active.

Table 4. The likelihood of metabolic syndrome risk components (elevated fasting blood glucose, elevated fasting triglycerides, and reduced HDL-Ca)
between each lifestyle subgroup based on Taiwan’s nationwide claims data from 2020 to 2022.b
Variables Elevated fasting blood

glucose, aORc (95% CI)
Elevated fasting triglycerides,
aOR (95% CI)

Reduced HDL-C, aOR
(95% CI)

Lifestyle subgroup
  Healthy lifestyle Ref Ref Ref
  IPAd 1.19 (1.15‐1.22) 1.40 (1.36‐1.45) 1.46 (1.42‐1.51)
  Occasional drinking but physically active 1.12 (1.07‐1.16) 1.28 (1.23‐1.34) 0.90 (0.85‐0.94)
  Occasional drinking and regular smoking with IPA 1.43 (1.37‐1.51) 2.70 (2.56‐2.84) 1.81 (1.71‐1.91)
  Unhealthy in all behaviors 1.48 (1.38‐1.59) 3.16 (2.95‐3.40) 1.57 (1.46‐1.70)
Gender
  Female Ref Ref Ref
  Male 1.42 (1.39‐1.44) 1.58 (1.55‐1.61) 0.91 (0.89‐0.92)

aHDL-C: high-density lipoprotein cholesterol.
bP<.001 for all comparisons with the healthy lifestyle group and female group.
caOR: adjusted odds ratio; age of participants was adjusted in the binary logistic regression model as well.
dIPA: insufficiently physically active.

Discussion
Principal Findings
To the best of our knowledge, this research is the first
population-based study with a large sample size to exam-
ine the associations of MetS and its risk components with
latent classes of lifestyle behavior patterns, using a 3-level
ordinal measure for each behavior among adults. The findings
of this study are generalizable to the adult population in
Taiwan. This study identified 5 distinct lifestyle behavior
patterns among Taiwanese adults using an LCA approach.
Compared to the “healthy lifestyle” group, the IPA group,
the “occasional drinking but physically active” group (except
for a reduced likelihood of reduced HDL-C), the “occasional

drinking and regular smoking with IPA” group, and the
“unhealthy in all behaviors” group showed significantly
higher odds of developing MetS and its components, with
the most potent effects observed in the “occasional drinking
and regular smoking with IPA” group and the “unhealthy in
all behaviors” group.

Our study showed that the prevalence of MetS was
35.72%, aligning with previous findings of 33% [18]. Chang
et al [19] reported a prevalence of 37.9% among individu-
als over 20 years old in northern Taiwan, while Loke et al
[20] observed a prevalence of 34.2% in Taiwanese residents
undergoing health examinations at a tertiary medical care
facility in southern Taiwan. These results suggest that the
prevalence of MetS in Taiwan is slightly higher than in other
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regions, such as Europe (24.3%) and Japan (23.3% in men,
8.7% in women) [21,22].

Our study revealed clustering patterns of lifestyle
behaviors among adults. Notably, approximately 1.58%
of participants fell into the “unhealthy in all behaviors”
group, characterized by frequent smoking, alcohol consump-
tion, betel quid chewing, and insufficient physical activ-
ity. Additionally, 3.96% of participants exhibited occasional
drinking and regular smoking, along with insufficient
physical activity. These two groups showed the highest
odds of MetS and its risk components. Our findings corro-
borated with previous research, which suggested that the
lowest adherence to a healthy lifestyle significantly increased
MetS risk [10]. Furthermore, this study presents notable
evidence that adopting multiple healthy behavior interven-
tions—including alcohol cessation, smoking cessation, betel
nut chewing cessation, and increased physical activity—
could be associated with an improved cardiometabolic risk
profile and may significantly reduce the risk of MetS. A
recent meta-analytic review emphasized the limited impact of
single-behavior interventions, which typically yield small-
to-medium effect sizes in achieving behavioral or clinical
changes, and provided compelling evidence that behavioral
change is linearly enhanced as the number of recommenda-
tions increases, particularly when the recommendations range
between 0 and 4 [12]. Therefore, implementing multibehavior
interventions tailored to specific lifestyle behavior patterns is
essential for effectively preventing MetS among adults.

Our study found a significant risk of regular smoking
on MetS and its risk components, which corroborated with
those of previous research. In the Netherlands, Slagter et al
[23] demonstrated a positive correlation between smoking
and MetS across both genders, irrespective of BMI. Addition-
ally, studies in various demographics have consistently shown
that smoking (both current and past smokers) is associated
with increased MetS risk [24,25]. The mechanisms linking
smoking to MetS are complex. Active smoking disrupts
hormonal balance, increases appetite, and gradually reduces
metabolic rate [26]. Nicotine exposure is associated with
insulin resistance and elevated cortisol, which contributes
to abdominal obesity. Smoking also triggers inflammatory
responses, as shown by elevated C-reactive protein levels in
smokers, a factor linked to type 2 diabetes [27]. Moreover,
smoking adversely impacts the lipid profile by increasing
total cholesterol and triglycerides and decreasing HDL-C
[28]. Notably, a recent meta-analytic review revealed that
in the early stages of smoking cessation, the risk of MetS
may initially increase compared to active smoking, but it
diminishes over time, emphasizing the importance of quitting
smoking promptly [29]. Post-cessation obesity may lead to
insulin resistance and weight gain, highlighting the need for
smoking cessation programs focused on managing weight
gain [30].

Moreover, our study identified a link between regular
betel quid chewing and increased risks of MetS and its
components, consistent with research linking general/central
obesity and betel nut chewing [31], which may explain why
betel quid chewing was associated with a higher risk of

elevated fasting triglycerides and MetS. A longitudinal study
by Huang et al [8] using the Taiwan Biobank confirmed that
a history of betel nut chewing is associated with MetS and
its components, including abdominal obesity and hypertrigly-
ceridemia. This phenomenon may be due to areca alkaloids,
such as arecoline, arecaidine, guvacoline, and guvacine,
that inhibit the γ-aminobutyric acid receptor, potentially
increasing appetite and contributing to obesity [32]. Addition-
ally, betel quid chewing is often accompanied by cigarette
smoking and alcohol drinking, and those combinations might
also increase the risk of having a cardiometabolic profile.

Notably, a higher likelihood of MetS and its risk compo-
nents was observed in the IPA group and the “occasional
drinking but physically active” group (except for low HDL-C)
compared to the “healthy lifestyle” group. Key differences
included physical activity levels and occasional drinking
prevalence: 97.47% of the “healthy lifestyle” group engaged
in sufficient activity, while in the IPA group, none achieved
sufficient activity, 31.83% engaged in moderate activity,
and 68.17% were inactive. In the “occasional drinking but
physically active” group, 26.91% achieved sufficient activity,
40.86% engaged in moderate activity, 32.23% were inac-
tive, and 93.03% reported occasional drinking. Our findings
responded to the World Health Organization’s recommen-
dation of at least 150-300 minutes of moderate aerobic
activity per week for adults [33]. Physical activity provides
protective benefits against MetS. It enhances plasma lipid
concentration by raising HDL-C and lowering triglycerides
[34,35]. Physical activity also improves glucose tolerance and
insulin sensitivity [36], potentially reducing the risk of type
2 diabetes [37]. The IPA group, comprising 75.51% of the
study participants, could reduce the likelihood of MetS and its
risk components by engaging in sufficient physical activity.
Furthermore, our study observed a reduced HDL-C risk in the
“occasional drinking but physically active” group. A study in
Korea found higher risks of low HDL-C in males who drank
alcohol once or less per month but lower risks in females who
drank 2‐4 times per month [38]. However, the relationship
between occasional drinking and reduced HDL-C remains
inconclusive, highlighting the need for further research to
explore this association by gender.
Limitations
This study has some limitations. First, the questionnaire on
risk factors underwent validation; however, some measure-
ment errors are inevitable. Second, lifestyle data were
obtained from the Adult Preventive Health Services admin-
istrative database, which limited the selection of measure-
ment tools; therefore, alternative and potentially more robust
instruments could not be employed. Third, sedentary and
dietary lifestyles are essential for metabolic health, but they
were not accounted for in this study. Additionally, socio-
demographic factors, which might influence the likelihood
of MetS prevalence, were not considered in this analysis.
However, from a health promotion perspective, these factors
are generally less modifiable than lifestyle behaviors. Lastly,
the study’s cross-sectional design limits the interpretation of
results, as it does not establish directionality or causality in
the observed relationships.
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Conclusions
This study identified 5 distinct lifestyle behavior patterns,
with a MetS prevalence of 35.72%. Compared to the “healthy
lifestyle” group, the IPA group, the “occasional drinking
but physically active” group, the “occasional drinking and
regular smoking with IPA” group, and the “unhealthy in
all behaviors” group showed significantly higher odds of
developing MetS, with the strongest associations observed
in the “occasional drinking and regular smoking with IPA”
and “unhealthy in all behaviors” groups. Similarly, all other

lifestyle patterns were significantly associated with increased
odds of central obesity, elevated blood pressure, elevated
fasting blood glucose, elevated fasting triglycerides, and
reduced HDL-C relative to the “healthy lifestyle” group.
An exception was found for the “occasional drinking but
physically active” group, demonstrating a significantly lower
HDL-C likelihood. Our results highlight the importance
of engaging in sufficient physical activity and implement-
ing multibehavior interventions tailored to specific lifestyle
behavior patterns among adults to prevent MetS effectively.

Acknowledgments
This work was funded by the Health Promotion Administration, Ministry of Health and Welfare (D1120515-113/MOHW
113-HPA-H-113‐112101). The content of this research may not represent the opinion of the Health Promotion Administration,
Ministry of Health and Welfare. We used the generative artificial intelligence tools ChatGPT Plus and Grammarly to assist
with grammar correction and writing enhancement during the preparation and revision of this manuscript. All content was
subsequently reviewed and edited by the authors, who assume full responsibility for the final version.
Data Availability
An anonymized dataset supporting the results of this study is available upon request.
Authors’ Contributions
Conceptualization: CBL, CYL, HPM, YHC
Data curation: CBL, YHC
Formal analysis: CBL, YHC
Investigation: CYL, HPM,
Validation: CBL, CYW, HPM, YHC, YYJ
Writing – original draft: CBL, HPM, YHC
Writing – review & editing: CBL, CYL, CYW, HPM, YHC, YYJ
Conflicts of Interest
None declared.
Multimedia Appendix 1
Supplementary tables with further data on comparisons between the population and the study sample, definitions, and latent
cluster analysis.
[DOCX File (Microsoft Word File), 51 KB-Multimedia Appendix 1]

Checklist 1
STROBE checklist for cross-sectional studies.
[DOCX File (Microsoft Word File), 53 KB-Checklist 1]
References
1. Swarup S, Ahmed I, Grigorova Y, Zeltser R. Metabolic syndrome. In: StatPearls [Internet]. StatPearls Publishing; 2025.

URL: https://www.ncbi.nlm.nih.gov/books/NBK459248 [Accessed 2025-06-15]
2. Wang Z, Chen J, Zhu L, Jiao S, Chen Y, Sun Y. Metabolic disorders and risk of cardiovascular diseases: a two-sample

mendelian randomization study. BMC Cardiovasc Disord. Oct 31, 2023;23(1):529. [doi: 10.1186/s12872-023-03567-3]
[Medline: 37907844]

3. Yen HY, Lin YH, Wang YF, et al. The association between metabolic syndrome components and cognitive function in
community-dwelling middle-aged and older adults: the first wave result of a cohort study. J Health Popul Nutr. Mar 29,
2025;44(1):94. [doi: 10.1186/s41043-025-00824-3] [Medline: 40158120]

4. Aung AA, Soe Zin SN, Ko Ko A, Thet AC. The association between betel quid chewing and metabolic syndrome among
urban adults in Mandalay district of Myanmar. J ASEAN Fed Endocr Soc. 2023;38(2):50-56. [doi: 10.15605/jafes.038.
02.06] [Medline: 38045670]

5. Rai RK, Bromage S, De Neve JW, Barik A. Lifestyle risk factors for overweight and obesity among rural Indian adults: a
community-based prospective cohort study. J Nutr Sci. 2025;14:e18. [doi: 10.1017/jns.2025.4] [Medline: 40028378]

6. Adult smoking behavior surveillance system (ASBS). Health Promotion Administration, Ministry of Health and Welfare.
URL: https://www.hpa.gov.tw/EngPages/Detail.aspx?nodeid=1718&pid=9913 [Accessed 2025-06-15]

JMIR PUBLIC HEALTH AND SURVEILLANCE Chang et al

https://publichealth.jmir.org/2025/1/e73114 JMIR Public Health Surveill 2025 | vol. 11 | e73114 | p. 8
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=publichealth_v11i1e73114_app1.docx
https://jmir.org/api/download?alt_name=publichealth_v11i1e73114_app1.docx
https://jmir.org/api/download?alt_name=publichealth_v11i1e73114_app2.docx
https://jmir.org/api/download?alt_name=publichealth_v11i1e73114_app2.docx
https://www.ncbi.nlm.nih.gov/books/NBK459248
https://doi.org/10.1186/s12872-023-03567-3
http://www.ncbi.nlm.nih.gov/pubmed/37907844
https://doi.org/10.1186/s41043-025-00824-3
http://www.ncbi.nlm.nih.gov/pubmed/40158120
https://doi.org/10.15605/jafes.038.02.06
https://doi.org/10.15605/jafes.038.02.06
http://www.ncbi.nlm.nih.gov/pubmed/38045670
https://doi.org/10.1017/jns.2025.4
http://www.ncbi.nlm.nih.gov/pubmed/40028378
https://www.hpa.gov.tw/EngPages/Detail.aspx?nodeid=1718&pid=9913
https://publichealth.jmir.org/2025/1/e73114


7. 2021 National Health Interview Survey (NHIS). Health Promotion Administration, Ministry of Health and Welfare.
URL: https://www.hpa.gov.tw/Pages/Detail.aspx?nodeid=364&pid=18514 [Accessed 2025-06-15]

8. Huang YC, Geng JH, Wu PY, et al. Betel nut chewing increases the risk of metabolic syndrome and its components in a
large Taiwanese population follow-up study category: original investigation. Nutrients. Feb 28, 2022;14(5):1018. [doi:
10.3390/nu14051018] [Medline: 35267993]

9. Santos L. The impact of nutrition and lifestyle modification on health. Eur J Intern Med. Mar 2022;97:18-25. [doi: 10.
1016/j.ejim.2021.09.020] [Medline: 34670680]

10. Vajdi M, Karimi A, Farhangi MA, Ardekani AM. The association between healthy lifestyle score and risk of metabolic
syndrome in Iranian adults: a cross-sectional study. BMC Endocr Disord. Jan 17, 2023;23(1):16. [doi: 10.1186/s12902-
023-01270-0] [Medline: 36647030]

11. Park YS, Kang SH, Jang SI, Park EC. Association between lifestyle factors and the risk of metabolic syndrome in the
South Korea. Sci Rep. Aug 3, 2022;12(1):13356. [doi: 10.1038/s41598-022-17361-2] [Medline: 35922546]

12. Zhang AL, Liu S, White BX, et al. Health-promotion interventions targeting multiple behaviors: a meta-analytic review
of general and behavior-specific processes of change. Psychol Bull. Jul 2024;150(7):798-838. [doi: 10.1037/bul0000427]
[Medline: 38913732]

13. de Mello GT, Thirunavukkarasu S, Jeemon P, Thankappan KR, Oldenburg B, Cao Y. Clustering of health behaviors and
their associations with cardiometabolic risk factors among adults at high risk for type 2 diabetes in India: a latent class
analysis. J Diabetes. May 2024;16(5):e13550. [doi: 10.1111/1753-0407.13550] [Medline: 38708436]

14. Alberti KGMM, Eckel RH, Grundy SM, et al. Harmonizing the metabolic syndrome. Circulation. Oct 20,
2009;120(16):1640-1645. [doi: 10.1161/CIRCULATIONAHA.109.192644]

15. Lanza ST, Rhoades BL. Latent class analysis: an alternative perspective on subgroup analysis in prevention and
treatment. Prev Sci. Apr 2013;14(2):157-168. [doi: 10.1007/s11121-011-0201-1] [Medline: 21318625]

16. Nylund-Gibson K, Garber AC, Carter DB, et al. Ten frequently asked questions about latent transition analysis. Psychol
Methods. Apr 2023;28(2):284-300. [doi: 10.1037/met0000486] [Medline: 35834194]

17. Kass RE, Raftery AE. Bayes factors. J Am Stat Assoc. Jun 1995;90(430):773-795. [doi: 10.1080/01621459.1995.
10476572]

18. Khodarahmi M, Asghari-Jafarabadi M, Abbasalizad Farhangi M. A structural equation modeling approach for the
association of a healthy eating index with metabolic syndrome and cardio-metabolic risk factors among obese
individuals. PLoS One. 2019;14(7):e0219193. [doi: 10.1371/journal.pone.0219193] [Medline: 31260504]

19. Chang SH, Chang YY, Wu LY. Gender differences in lifestyle and risk factors of metabolic syndrome: do women have
better health habits than men? J Clin Nurs. Jun 2019;28(11-12):2225-2234. [doi: 10.1111/jocn.14824] [Medline:
30786102]

20. Loke SS, Chang HW, Li WC. Association between metabolic syndrome and bone mineral density in a Taiwanese elderly
population. J Bone Miner Metab. Mar 2018;36(2):200-208. [doi: 10.1007/s00774-017-0826-7] [Medline: 28303402]

21. Scuteri A, Laurent S, Cucca F, et al. Metabolic syndrome across Europe: different clusters of risk factors. Eur J Prev
Cardiol. Apr 2015;22(4):486-491. [doi: 10.1177/2047487314525529] [Medline: 24647805]

22. Hattori T, Konno S, Munakata M. Gender differences in lifestyle factors associated with metabolic syndrome and
preliminary metabolic syndrome in the general population: the Watari study. Intern Med. Sep 1, 2017;56(17):2253-2259.
[doi: 10.2169/internalmedicine.8578-16] [Medline: 28794374]

23. Slagter SN, van Vliet-Ostaptchouk JV, Vonk JM, et al. Associations between smoking, components of metabolic
syndrome and lipoprotein particle size. BMC Med. Sep 3, 2013;11:1-15. [doi: 10.1186/1741-7015-11-195] [Medline:
24228807]

24. Hwang GY, Cho YJ, Chung RH, Kim SH. The relationship between smoking level and metabolic syndrome in male
health check-up examinees over 40 years of age. Korean J Fam Med. Sep 2014;35(5):219-226. [doi: 10.4082/kjfm.2014.
35.5.219] [Medline: 25309702]

25. Wada T, Urashima M, Fukumoto T. Risk of metabolic syndrome persists twenty years after the cessation of smoking.
Intern Med. 2007;46(14):1079-1082. [doi: 10.2169/internalmedicine.46.0026] [Medline: 17634703]

26. Audrain-McGovern J, Benowitz NL. Cigarette smoking, nicotine, and body weight. Clin Pharmacol Ther. Jul
2011;90(1):164-168. [doi: 10.1038/clpt.2011.105] [Medline: 21633341]

27. Emerging Risk Factors Collaboration, Kaptoge S, Di Angelantonio E, et al. C-reactive protein concentration and risk of
coronary heart disease, stroke, and mortality: an individual participant meta-analysis. Lancet. Jan 9,
2010;375(9709):132-140. [doi: 10.1016/S0140-6736(09)61717-7] [Medline: 20031199]

28. Gokulakrisnan A, Jayachandran Dare B, Thirunavukkarasu C. Attenuation of the cardiac inflammatory changes and lipid
anomalies by (-)-epigallocatechin-gallate in cigarette smoke-exposed rats. Mol Cell Biochem. Aug 2011;354(1-2):1-10.
[doi: 10.1007/s11010-011-0785-6] [Medline: 21633901]

JMIR PUBLIC HEALTH AND SURVEILLANCE Chang et al

https://publichealth.jmir.org/2025/1/e73114 JMIR Public Health Surveill 2025 | vol. 11 | e73114 | p. 9
(page number not for citation purposes)

https://www.hpa.gov.tw/Pages/Detail.aspx?nodeid=364&pid=18514
https://doi.org/10.3390/nu14051018
http://www.ncbi.nlm.nih.gov/pubmed/35267993
https://doi.org/10.1016/j.ejim.2021.09.020
https://doi.org/10.1016/j.ejim.2021.09.020
http://www.ncbi.nlm.nih.gov/pubmed/34670680
https://doi.org/10.1186/s12902-023-01270-0
https://doi.org/10.1186/s12902-023-01270-0
http://www.ncbi.nlm.nih.gov/pubmed/36647030
https://doi.org/10.1038/s41598-022-17361-2
http://www.ncbi.nlm.nih.gov/pubmed/35922546
https://doi.org/10.1037/bul0000427
http://www.ncbi.nlm.nih.gov/pubmed/38913732
https://doi.org/10.1111/1753-0407.13550
http://www.ncbi.nlm.nih.gov/pubmed/38708436
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1007/s11121-011-0201-1
http://www.ncbi.nlm.nih.gov/pubmed/21318625
https://doi.org/10.1037/met0000486
http://www.ncbi.nlm.nih.gov/pubmed/35834194
https://doi.org/10.1080/01621459.1995.10476572
https://doi.org/10.1080/01621459.1995.10476572
https://doi.org/10.1371/journal.pone.0219193
http://www.ncbi.nlm.nih.gov/pubmed/31260504
https://doi.org/10.1111/jocn.14824
http://www.ncbi.nlm.nih.gov/pubmed/30786102
https://doi.org/10.1007/s00774-017-0826-7
http://www.ncbi.nlm.nih.gov/pubmed/28303402
https://doi.org/10.1177/2047487314525529
http://www.ncbi.nlm.nih.gov/pubmed/24647805
https://doi.org/10.2169/internalmedicine.8578-16
http://www.ncbi.nlm.nih.gov/pubmed/28794374
https://doi.org/10.1186/1741-7015-11-195
http://www.ncbi.nlm.nih.gov/pubmed/24228807
https://doi.org/10.4082/kjfm.2014.35.5.219
https://doi.org/10.4082/kjfm.2014.35.5.219
http://www.ncbi.nlm.nih.gov/pubmed/25309702
https://doi.org/10.2169/internalmedicine.46.0026
http://www.ncbi.nlm.nih.gov/pubmed/17634703
https://doi.org/10.1038/clpt.2011.105
http://www.ncbi.nlm.nih.gov/pubmed/21633341
https://doi.org/10.1016/S0140-6736(09)61717-7
http://www.ncbi.nlm.nih.gov/pubmed/20031199
https://doi.org/10.1007/s11010-011-0785-6
http://www.ncbi.nlm.nih.gov/pubmed/21633901
https://publichealth.jmir.org/2025/1/e73114


29. Kim HJ, Cho YJ. Smoking cessation and risk of metabolic syndrome: a meta-analysis. Medicine (Baltimore). May 31,
2024;103(22):e38328. [doi: 10.1097/MD.0000000000038328] [Medline: 39259087]

30. Harris KK, Zopey M, Friedman TC. Metabolic effects of smoking cessation. Nat Rev Endocrinol. May
2016;12(5):299-308. [doi: 10.1038/nrendo.2016.32] [Medline: 26939981]

31. Guh JY, Chuang LY, Chen HC. Betel-quid use is associated with the risk of the metabolic syndrome in adults. Am J Clin
Nutr. Jun 2006;83(6):1313-1320. [doi: 10.1093/ajcn/83.6.1313] [Medline: 16762942]

32. Giri S, Idle JR, Chen C, Zabriskie TM, Krausz KW, Gonzalez FJ. A metabolomic approach to the metabolism of the
areca nut alkaloids arecoline and arecaidine in the mouse. Chem Res Toxicol. Jun 2006;19(6):818-827. [doi: 10.1021/
tx0600402] [Medline: 16780361]

33. WHO guidelines on physical activity and sedentary behaviour: at a glance. World Health Organization. 2020. URL:
https://www.who.int/publications/i/item/9789240015128 [Accessed 2024-12-20]

34. Leon AS, Sanchez OA. Response of blood lipids to exercise training alone or combined with dietary intervention. Med
Sci Sports Exerc. Jun 2001;33(6 Suppl):S502-S515. [doi: 10.1097/00005768-200106001-00021] [Medline: 11427777]

35. Wilmore JH, Green JS, Stanforth PR, et al. Relationship of changes in maximal and submaximal aerobic fitness to
changes in cardiovascular disease and non-insulin-dependent diabetes mellitus risk factors with endurance training: the
HERITAGE Family Study. Metab Clin Exp. Nov 2001;50(11):1255-1263. [doi: 10.1053/meta.2001.27214] [Medline:
11699041]

36. Arciero PJ, Vukovich MD, Holloszy JO, Racette SB, Kohrt WM. Comparison of short-term diet and exercise on insulin
action in individuals with abnormal glucose tolerance. J Appl Physiol (1985). Jun 1999;86(6):1930-1935. [doi: 10.1152/
jappl.1999.86.6.1930] [Medline: 10368358]

37. Hu FB, Leitzmann MF, Stampfer MJ, Colditz GA, Willett WC, Rimm EB. Physical activity and television watching in
relation to risk for type 2 diabetes mellitus in men. Arch Intern Med. Jun 25, 2001;161(12):1542-1548. [doi: 10.1001/
archinte.161.12.1542] [Medline: 11427103]

38. Oh SS, Kim W, Han KT, Park EC, Jang SI. Alcohol consumption frequency or alcohol intake per drinking session:
which has a larger impact on the metabolic syndrome and its components? Alcohol. Sep 2018;71:15-23. [doi: 10.1016/j.
alcohol.2018.01.005] [Medline: 29929088]

Abbreviations
aOR: adjusted odds ratio
APHSD: Adult Preventive Health Services Database
BF: Bayesian factor
BIC: Bayesian information criteria
cmP: correct model probability
HDL-C: high-density lipoprotein cholesterol
HWDC: Health and Welfare Data Science Center
ICD-10-CM: International Classification of Diseases, Tenth Revision, Clinical Modification
IPA: insufficiently physically active
LCA: latent class analysis
MetS: metabolic syndrome
MOHW: Ministry of Health and Welfare
NHI: National Health Insurance

Edited by Amaryllis Mavragani; peer-reviewed by Jie Chen, Rafael Almendra-Pegueros; submitted 25.02.2025; final
revised version received 07.07.2025; accepted 24.07.2025; published 18.09.2025

Please cite as:
Chang YH, Li CY, Ma HP, Wu CY, Jou YY, Lee CB
Clustering of Lifestyle Behaviors and Their Association With Risk of Metabolic Syndrome Among Adults in Taiwan:
Nationwide Cross-Sectional Study
JMIR Public Health Surveill 2025;11:e73114
URL: https://publichealth.jmir.org/2025/1/e73114
doi: 10.2196/73114

© Ya-Hui Chang, Chung-Yi Li, Hon-Ping Ma, Chien-Yuan Wu, Yann-Yuh Jou, Chiachi Bonnie Lee. Originally published
in JMIR Public Health and Surveillance (https://publichealth.jmir.org), 18.09.2025. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits

JMIR PUBLIC HEALTH AND SURVEILLANCE Chang et al

https://publichealth.jmir.org/2025/1/e73114 JMIR Public Health Surveill 2025 | vol. 11 | e73114 | p. 10
(page number not for citation purposes)

https://doi.org/10.1097/MD.0000000000038328
http://www.ncbi.nlm.nih.gov/pubmed/39259087
https://doi.org/10.1038/nrendo.2016.32
http://www.ncbi.nlm.nih.gov/pubmed/26939981
https://doi.org/10.1093/ajcn/83.6.1313
http://www.ncbi.nlm.nih.gov/pubmed/16762942
https://doi.org/10.1021/tx0600402
https://doi.org/10.1021/tx0600402
http://www.ncbi.nlm.nih.gov/pubmed/16780361
https://www.who.int/publications/i/item/9789240015128
https://doi.org/10.1097/00005768-200106001-00021
http://www.ncbi.nlm.nih.gov/pubmed/11427777
https://doi.org/10.1053/meta.2001.27214
http://www.ncbi.nlm.nih.gov/pubmed/11699041
https://doi.org/10.1152/jappl.1999.86.6.1930
https://doi.org/10.1152/jappl.1999.86.6.1930
http://www.ncbi.nlm.nih.gov/pubmed/10368358
https://doi.org/10.1001/archinte.161.12.1542
https://doi.org/10.1001/archinte.161.12.1542
http://www.ncbi.nlm.nih.gov/pubmed/11427103
https://doi.org/10.1016/j.alcohol.2018.01.005
https://doi.org/10.1016/j.alcohol.2018.01.005
http://www.ncbi.nlm.nih.gov/pubmed/29929088
https://publichealth.jmir.org/2025/1/e73114
https://doi.org/10.2196/73114
https://publichealth.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://publichealth.jmir.org/2025/1/e73114


unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Public
Health and Surveillance, is properly cited. The complete bibliographic information, a link to the original publication on
https://publichealth.jmir.org, as well as this copyright and license information must be included.

JMIR PUBLIC HEALTH AND SURVEILLANCE Chang et al

https://publichealth.jmir.org/2025/1/e73114 JMIR Public Health Surveill 2025 | vol. 11 | e73114 | p. 11
(page number not for citation purposes)

https://publichealth.jmir.org
https://publichealth.jmir.org/2025/1/e73114

	Clustering of Lifestyle Behaviors and Their Association With Risk of Metabolic Syndrome Among Adults in Taiwan: Nationwide Cross-Sectional Study
	Introduction
	Methods
	Study Design
	Data Source and Study Population
	Lifestyle Variables
	MetS and Its Risk Components
	Statistical Analysis
	Ethical Considerations

	Results
	Discussion
	Principal Findings
	Limitations
	Conclusions



