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Abstract: Dyslipidemia is associated with lifestyle behaviors, while several lifestyle behaviors exist
collectively among some populaitons. This study aims to identify lifestyle behavior clusters and
their relations to dyslipidemia. This cross-sectional study was conducted in Wuhai City, China.
Cluster analysis combined with compositional data analysis was conducted, with 24-h time-use on
daily activities and dietary patterns as input variables. Multiple logistic regression was conducted
to compare dyslipidemia among clusters. A total of 4306 participants were included. A higher
prevalence of newly diagnosed dyslipidemia was found among participants in cluster 1 (long
sedentary behavior (SB) and the shortest sleep, high-salt and oil diet) /cluster 5 (the longest SB and
short sleep), relative to the other clusters in both age groups (<50 years and >50 years). In conclusion,
unhealthy lifestyle behaviors may exist together among some of the population, suggesting that
these people are potential subjects of health education and behavior interventions. Future research
should be conducted to investigate the relative significance of specific lifestyle behaviors in relation
to dyslipidemia.

Keywords: lifestyle behavior cluster; dyslipidemia; 24-h time-use; compositional data; dietary pattern

1. Introduction

Cardiovascular disease (CVD) is one of the most threatening diseases, accounting for
31% of mortality globally in 2016 [1]. Estimates of 422.74 million cases and 17.92 million
deaths of CVD existed in 2015 around the world [2]. In China, especially, an estimated
number of 93.8 million prevalent cases of CVD in 2016 was more than twice those in 1990
(40.6 million) [3]. The number of deaths owing to CVD increased from 2.51 million in 1990
to 3.97 million in 2016 [3].

Dyslipidemia refers to several lipid disorders that are characterized by at least one
of following: raised total cholesterol (TC), raised triglycerides (TG), raised low-density
lipoprotein cholesterol (LDL-C), and low high-density lipoprotein cholesterol (HDL-C) [4].
Dyslipidemia, a leading contributor to CVD, has become a global public health concern [5,6].
According to previous studies, the prevalence of dyslipidemia increased from 18.60% in
2007 to 36.46% in 2017 in China [7,8].

In addition, abnormal biomarkers of dyslipidemia could also lead to other chronic
non-communicable diseases among some populations [9,10]. For example, a study showed
increased atherosclerosis extension in prediabetes and newly diagnosed type 2 diabetes
subjects with high TG/HDL compared to those with low TG/HDL [10].

In the past decades, with the rapid development of the economy, the living standard
of Chinese people has been constantly improved. An increasing proportion of animal fat,
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oily, and salty foods are consumed in people’s diets, along with less physical activity (PA)
and more sedentary behavior (SB) conducted among Chinese people. Regular lifestyle be-
haviors play significant roles in the prevention of dyslipidemia and other cardio-metabolic
disorders [5]. Recent studies indicated that several lifestyle behaviors were associated
with the risk of dyslipidemia [11-13]. They showed that proper PA, less SB, and healthy
diet might decrease the occurrence and development of dyslipidemia. However, previous
studies mainly focused on individual behavior separately [11]. It is crucial to investigate
the comprehensive impact of these lifestyle behaviors instead of focusing on individual
behaviors. Determining the cluster patterns of lifestyle behaviors will contribute to an
in-depth understanding of people’s lifestyles impacting well-being. Recent researches have
explored lifestyle behavior patterns and their associations with chronic non-communicable
diseases among adults [14,15]. These studies identified several clusters that might be
beneficial in the prevention of chronic non-communicable diseases by cluster analyses, and
put forward relative policy recommendations.

People’s daily activities mainly comprise PA, SB, and sleep [16,17]. Time spent on
one activity necessarily displaces that on others, that is, time spent on different activities
is intrinsically co-dependent, finite, and subject to collinearity. Therefore, this kind of
data is identified as compositional data [17,18]. It may be inappropriate to use traditional
statistical analyses to process compositional data, since it may generate misleading results
with some effects being misestimated or obscured [16]. To date, little about the combined
effect of time-use on daily activities is known.

To address these gaps in the research literature, we aimed to identify lifestyle behaviors
among participants in Wuhai City, Inner Mongolia, China, applying compositional data
analysis and exploring the associations between these clusters and dyslipidemia.

2. Materials and Methods
2.1. Ethical Consideration

This study was approved by the Peking University Biomedical Ethics Committee
(approval number IRB00001052-16022). The approval conformed to the provisions of the
1995 Declaration of Helsinki (revised in Edinburgh in 2000). All participants provided their
written informed consent prior to the conduct of the survey.

2.2. Participants

This cross-sectional study was conducted based on the project of Adult Chronic
Disease and Prevalence Factors Monitoring from June 2014 to October 2014 in Wuhai
City. People who aged 18-79 years old and who lived locally for at least six months in
the past year were eligible to participate in this study. Multiple stratified cluster random
sampling was performed to guarantee the representativeness of sample, comprising two
steps. First, 20 streets of Haibowan District, Hainan District, and Wuda District were
selected by random sampling. Second, stratified sampling was performed according to
participants’ employment status in each street. Employed participants were sampled
from 105 work units according to local industry structure for males under 55 years and
females under 50 years. Systematic sampling was conducted by employee number to
determine the final sample. Unemployed participants were sampled from 100 households
in 2 resident committees for males at least 55 years and females at least 50 years, and
ultimate participants enrolled were selected by Kish in each household. Participants were
excluded if they were pregnant or had neurocognitive difficulties.

2.3. Data Collection

Participants were required to complete a questionnaire, laboratory measurements, and
a physical examination with the assistance of trained surveyors. The questionnaire was well
designed and contained: (1) sociodemographic information, such as gender, age, education,
and occupation; (2) information about personal lifestyle behaviors, including activities (PA,
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SB, and sleep), dietary intake, smoking status, and alcohol intake; and (3) information about
history of chronic non-communicable diseases (dyslipidemia, hypertension, and diabetes).

Activities under investigation comprised PA, SB, and sleep. PA was measured with
the long volume of International Physical Activity Questionnaire (IPAQ), an effective and
widely used questionnaire for examining PA intensity, frequency, and cumulative time
in adults [19-21]. Dietary intake was measured by a food frequency questionnaire (FFQ),
which was proved to have moderate reliability and validity in Chinese adults [22-24].
FFQ comprised thirteen food categories relevant to local culture, and frequency (never,
monthly, weekly, daily) and quantity consumed each time during the past month were
investigated. Data on history of chronic non-communicable diseases were obtained from
answers to the question “Have you ever been diagnosed as having dyslipidemia, diabetes,
or hypertension by a doctor in a community hospital or above?”

Physical examination and laboratory measurements were performed to obtain data on
physiological indexes. Fasting venous blood samples were collected with disposal vacuum
blood collecting tubes. The concentrations of TC, TG, HDL-C, and LDL-C were measured
by local second-class hospitals, where the equipment, instruments, and reagents conformed
with the national production and using standard. Weight and height were measured by
standard instruments, with participants wearing light clothing and no shoes.

2.4. Definition and Group

Lifestyle behavior clusters in this study were identified as the aggregation of 24-h time-
use of activities (PA, SB, and sleep) and dietary patterns, which were the most important
modified behaviors to improve dyslipidemia. PA intensity was classified according to IPAQ
criteria [25], that is, PA was divided into 3 intensities, comprising vigorous intensity physi-
cal activity (VPA), moderate intensity physical activity (MPA), and light intensity physical
activity (LPA), namely walking. Some researchers have shown that MPA and VPA might
decrease risk of chronic non-communicable diseases, including dyslipidemia [11,26-28].
Therefore, MPA and VPA were merged to be identified as moderate-to-vigorous intensity
PA (MVPA). Dietary pattern was identified according to principal component analysis, a
detailed method of which was illustrated in Section 2.5.

Dyslipidemia was defined according to Chinese Guidelines for the Management of
Dyslipidemia in Adults (2016 Revision) criteria, as the presence of one or more of the follow-
ing factors: (1) serum TC concentration of 5.2 mmol/L or greater; (2) TG concentration of
1.7 mmol/L or greater; and (3) HDL-C concentration of under 1.0mmol/L [29]. Specifically,
newly diagnosed dyslipidemia was defined as a participant who met the diagnostic criteria
mentioned above and had not been diagnosed as dyslipidemia by a doctor in a community
hospital or above. A prevalent case was defined as a participant who had been diagnosed
with dyslipidemia by a doctor. BMI was calculated as the weight (kg) divided by the square
of the height (m?), with a normal range of 18.5-23.9 kg/m?, considering the physiological
characteristics of Chinese [30].

2.5. Statistical Analyses

Flow chart of statistical analysis is presented in Figure 1. Data analyses consisted of:
(1) describing sociodemographic characteristics by lifestyle behavior clusters of two age
groups, (2) identifying the lifestyle behavior clusters of two age groups, and (3) exploring
the relationships between clusters and dyslipidemia in two age groups.

Considering potential differences in lifestyle behaviors and risk of dyslipidemia
across age groups, participants were divided into a <50 years group and a >50 years
group [31-35]. In addition, in view of prevalence—incidence bias, newly diagnosed and
prevalent cases were analyzed separately. Twenty-four-hour time-use on activities and
dietary pattern were inputted to determine lifestyle behavior clusters. Twenty-four-hour
time-use (compositional data) was transformed to isometric log ratios due to its closed
nature, which contributed to solving the problem of collinearity in compositional data [36].
Compositional data means were used to describe the central tendency of twenty-four-hour
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time-use. Principal component analysis was conducted to identify three dietary patterns
according to scree plot and professional interpretability, with daily intake of food as input
variables: (1) healthy dietary pattern (positive loadings for vegetables, fruit, egg, dairy, soy,
and its products), (2) high-salt and oil dietary pattern (positive loadings for grease, salt,
and sauce), and (3) high-staple dietary pattern (positive loadings for cereal and tubers).
Principal component scores representing the above dietary patterns were calculated for
each participant and described with arithmetic means; an average score of at least 0.15 for
a dietary pattern presented that a participant tended towards the corresponding pattern.

Scree plot was generated to determine the potential cluster number. Subsequently, a
k-means partitioning cluster was used. An optimal number of 4 clusters was identified in
two age groups based on the results of the scree plot and professional interpretability. To
evaluate the stability of the cluster solution, a random subsample of each group (50% of
participants in each age group) was clustered via conducting the same procedure. Agree-
ments between solutions were relatively substantial (Cohen’s Kappa= 0.78 in <50 years
group and 0.70 in >50 years group).

Dyslipidemia was compared across lifestyle behavior clusters in two age groups
by multinomial logistic analysis with adjustment for covariates, containing age, gender,
education, occupation, family annual income, BMI, smoke status, alcohol intake, and
history of hypertension and diabetes.

Differences among clusters on sociodemographic characteristics and lifestyle behav-
iors were investigated by ANOVA (continuous variable) or x? tests (categorical variable).
In this study, statistical significance was determined with p < 0.05 (two-tailed). Statistical
analyses were performed with R 3.6.2 (R Development Core Team, Vienna, Austria).

3. Results
3.1. Sociodemographic Characteristics

Sociodemographic characteristics of participants are presented in Table 1. A total
of 4306 participants were included, with an average age of 44.12 (standard deviation
(SD) 12.91) years; participants in <50 years group and >50 years group averagely aged
36.95 (SD 8.20) and 58.96 (SD 6.60); 39.60% (1705/4306) and 60.40% (2601/4306) were men
and women, respectively.

The difference of gender, education, occupation, BMI, smoking status, alcohol use sta-
tus, and family annual income among clusters were statistically significant in the <50 years
group. Age, gender, education, occupation, smoking status, alcohol use status, and family
annual income among clusters had statistical differences in the >50 years group.

In the <50 years group, 965 (33.3%), 728 (25.2%), 527 (18.2%), and 674 (23.3%) belonged
to cluster 1 to cluster 4, respectively, with cluster 1 accounting for the highest proportion.
Compared with other clusters, cluster 1 was likely to be female, institution staff, non-
smokers and non-drinkers, with a higher education level and a higher BMI ([26.27 & 3.95]
kg/m?), and a higher family annual income. In >50 years group, 309 (21.9%), 539 (38.2%),
196 (13.9%), and 368 (26.1%) belonged to cluster 5 to cluster 8, respectively, with cluster
6 accounting for the highest proportion. Compared with other clusters, cluster 6 was likely
to be unemployed or retired, with a lower education level and family annual income.

3.2. Lifestyle Behavior Cluster Characteristics

Activity and diet characteristics of participants in two age groups are shown in Table 2,
and descriptions of clusters are shown in Figure 1 according to the compared average
activity time of each cluster with the corresponding mean time of overall population
in two age groups. Four clusters were identified, and different cluster characteristics
were observed in two age groups. Specifically, daily cumulative time of MVPA in the
<50 years group and the >50 years group had little difference (187.32 min vs. 166.08 min),
time of LPA in the <50 years group (111.05 min) was longer than that in the >50 years
group (175.15 min), and time of SB (472.63 min vs. 297.94 min) and sleep (471.10 min vs.
438.04 min) in the <50 years group was almost longer than that in the >50 years group.
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Table 1. Sociodemographic characteristics of different lifestyle behavior clusters.

<50 Years Group >50 Years Group
Total Cluster 1 Cluster 2 Cluster 3 Cluster4 p Total Cluster 5 Cluster 6 Cluster 7 Cluster8 p
(n = 2894) (n = 965) (n=728) (n =527) (n=674) (n =1412) (n =309) (n =539) (n =196) (n = 368)

Age, years old, mean + SD 36.95 £ 8.20 37.62 £ 791 36.42 +8.74 37.08 & 7.57 36.86 835 0.353 58.96 % 6.60 59.75 + 7.06 58.16 & 6.08 58.90 £ 6.07 57.86 £ 6.38  <0.01

Gender, n (%) <0.01 <0.01
Male 1096 (37.9) 330 (34.2) 267 (36.7) 194 (36.8) 305 (45.3) 609 (43.1) 162 (52.4) 234 (43.4) 81 (41.3) 132 (35.9)

Female 1798 (62.1) 635 (65.8) 461 (63.3) 333 (63.2) 369 (54.7) 803 (56.9) 147 (47.6) 305 (56.6) 115 (58.7) 236 (64.1)

Education, n (%) <0.01 <0.01
Junior high school or below 1376 (47.5) 275 (28.5) 407 (55.9) 155 (29.4) 539 (80.0) 1223 (86.6) 201 (65.0) 492 (91.3) 171 (87.2) 359 (97.6)

Senior high school or above 1518(52.5) 690 (71.5) 321 (44.1) 372 (70.6) 135 (20.0) 189 (13.4) 108 (35.0) 47 (8.7) 25 (12.8) 9(2.5)

Occupation, n (%) <0.01 <0.01
Institution staff 1093 (37.8) 492 (51.0) 248 (34.1) 254 (48.2) 99 (14.7) 215 (15.2) 99 (32.0) 57 (10.6) 37 (18.9) 22 (6.0)
Managers or technician 1625 (56.2) 441 (45.7) 404 (55.5) 252 (47.8) 528 (78.3) 422 (29.9) 81 (26.2) 136 (25.2) 56 (28.6) 149 (40.5)
Unemployed or retired person 176 (6.1) 32(3.32) 76 (10.4) 21 (4.0 47 (7.0) 775 (54.9) 129 (41.7) 346 (64.2) 103 (52.6) 197 (53.5)

BMI (kg/m?), mean + SD 24.39 +3.76 26.27 £ 3.95 23.95+3.25 24.95 + 3.38 23.06 £3.58 <0.01 25.65+3.81 26.05 £ 3.64 25.45 £ 3.57 25.63 £ 4.08 2571 +£3.47 0.38

Smoking status, 7 (%) <0.01 0.02
Yes 778 (26.9) 225 (23.3) 191 (26.2) 123 (23.3) 239 (35.5) 513 (36.3) 133 (43.0) 196 (36.4) 59 (30.1) 125 (34.0)

No 2116 (73.1) 740 (76.7) 537 (73.8) 404 (76.7) 435 (64.5) 899 (63.7) 176 (57.0) 343 (63.6) 137 (69.9) 243 (66.0)

Alcohol use status, n (%) <0.01 0.01
Yes 626 (21.6) 180 (18.7) 151 (20.7) 90 (17.1) 205 (30.4) 329 (23.3) 89 (28.8) 130 (24.1) 34 (17.3) 76 (20.7)

No 2268 (78.4) 785 (81.3) 577 (79.3) 437 (82.9) 469 (69.6) 1083 (76.7) 220 (71.2) 409 (75.9) 162 (82.7) 292 (79.3)

Family annual income (yuan/year), n (%) <0.01 <0.01
<30,000 1018 (35.2) 254 (26.3) 261 (35.9) 155 (29.4) 348 (51.6) 707 (37.9) 117 (37.9) 284 (52.7) 93 (47.4) 21 (57.9)
30,000~79,999 1354 (46.8) 462 (47.9) 349 (47.9) 255 (48.4) 288 (42.7) 584 (41.4) 132 (42.7) 223 (41.4) 86 (43.9) 143 (38.9)
80,000~ 522 (18.0) 249 (25.8) 118 (16.2) 117 (22.2) 38 (5.6) 121 (8.6) 60 (19.4) 32(5.9) 17 (8.7) 12 (3.26)

In <50 years group: Cluster 1, long SB and the shortest sleep, high-salt and oil diet; Cluster 2, short SB and the longest sleep; Cluster 3, long MVPA, SB, sleep, and extremely short LPA; Cluster 4, extremely long
MVPA, the shortest SB, and high-staple diet. In >50 years group: Cluster 5, the longest SB and short sleep; Cluster 6, the shortest SB and long sleep; Cluster 7, moderate MVPA and LPA, short SB, the longest
sleep, and healthy diet; Cluster 8, the longest MVPA, short SB and sleep, and high-staple diet. Statistical differences of sociodemographic characteristics among clusters were compared by x? test. p, p-value; SB,
sedentary behavior; MVPA, moderate-to-vigorous physical activity; LPA, light intensity of physical activity.
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Table 2. Activities and dietary characteristics of lifestyle behavior clusters.
<50 Years Group >50 Years Group
Total Cluster 1 Cluster 2 Cluster 3 Cluster 4 p Total Cluster 5 Cluster 6 Cluster 7 Cluster 8 p
(n=2894)  (n=965) (n =728) (n =527) (n = 674) (n=1412)  (n=309) (n = 539) (n = 196) (n = 368)

Activities pattern, mean <0.01* <0.01*
MVPA (min/day) 187.32 77.80 2P 74.23 °d 144.273€ 32545 bde <0.01 166.08 99.48 abe 76.55 ade 130.06 4h 289,00 edh <0.01
LPA (min/day) 111.05 176.34 2P 179.98 <d 28.48 ace 144.25 bde <0.01 175.15 147.274bc 180.00 2d 178.31 be 166.29 <de <0.01
SB (min/day) 472.63 544.323bc 95053 ad 695.64 bde 246,85 ce <0.01 297.94 565.4323b¢ 191 49ade 93 g bd 224 57 e <0.01
Sleep (min/day) 471.10 451.602b¢  493272de  48120bdh 46740 ceh <0.01 438.04 428.16 b 447 44 ¢ 455.66°4 42546 °d 0.02

Dietary pattern (principal component scores), mean <0.01* <0.01*
Healthy diet —0.06 0.032 —0.122 -0.02 0.09 P <0.01 0.34 —0.062b¢  —0402de  166Pbdh —0.25¢dh 0.02
High-salt and oil diet —0.04 0.182b —0.123¢ —-0.104 0.06 bed <0.01 0.01 0.122 —0.05" 0173 0.07°¢ 0.04
High-staple diet 0.07 —0.253b  0042d —0.08 be 0.39 cde <0.01 0.17 —0.012 -0.18 0.24 2b 0.15¢ <0.01

In <50 years group: Cluster 1, long SB and the shortest sleep, high-salt and oil diet; Cluster 2, short SB and the longest sleep; Cluster 3, long MVPA, SB, sleep, and extremely short LPA; Cluster 4, extremely long
MVPA, the shortest SB, and high-staple diet. In >50 years group: Cluster 5, the longest SB and short sleep; Cluster 6, the shortest SB and long sleep; Cluster 7, moderate MVPA and LPA, short SB, the longest sleep,
and healthy diet; Cluster 8, the longest MVPA, short SB and sleep, and high-staple diet. * p-value was obtained by MANOVA. Superscript letters denote statistically significant pairwise comparisons (following
Bonferroni correction of p < 0.008). p, p-value; SB, sedentary behavior; MVPA, moderate-to-vigorous intensity physical activity; LPA, light intensity physical activity; MANOVA, multivariate analysis of variance.
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In particular, (1) Clusters 1/5 in both age groups were characterized by long cumula-
tive time of SB and short cumulative time of sleep, but high-salt and oil diet existed in the
<50 years group, and not in the >50 years group. (2) Lifestyle behavior characteristics of
cluster 2/6 in both groups were similar, which were both characterized by short cumulative
time of SB and long cumulative time of sleep, but cumulative time of sleep in the <50 years
group was the longest and cumulative time of SB in the >50 years group was the shortest.
(3) Lifestyle behavior characteristics in cluster 3 and cluster 7 were different. Cluster 3 was
characterized by long cumulative time of MVPA, SB, sleep, and extremely short cumulative
time of LPA; however, moderate cumulative time of MVPA and LPA, short cumulative
time of SB, the longest cumulative time of sleep, and healthy diet in cluster 7. (4) Long
cumulative time of MVPA, short cumulative time of SB, and high-staple diet were observed
in clusters 4/8 in two age groups, but cumulative time of MVPA was extremely long and
cumulative time of SB was the shortest in the <50 years group; and cumulative time of
sleep was short in the >50 years group.

MVPA ]
24-h time use on daily
— Dietary intake daily
LPA activities ] i
- i Compositional Principal component;
> l o :
1 data analysis analysis : Healthy diet
Sleep ] Isometric Dietary
log ratio pattern High-salt and oil diet
: | ) )
L e eccccecccccnccaae —m—m—m———ceme———————s High-staple diet
| Cluster analysis
A 4
4 clusters in each age group
<50 years group =50 years group
l Reference
Reference | cCyster 1: long SB, the shortest sleep, Cluster 5: the longest SB and short sleep "--:
5" ) high-salt and oil diet E
! ¢~ -+ Multinomial
Loyl Cluster 2: short SB and the longest sleep Cluster 6: the shortest SB and long sleep i
Multinomial! ! logistic
1 '
logistic| Cluster 3: long MVPA, SB, sleep, and Cluster 7: moderate MVPA and LPA, < | regression
! -
regression?"’ extremely short LPA short SB, the longest sleep, and healthy '
i Cluster 4: extremely long MVPA, the Cluster 8: the longest MVPA, short SB E
' -p| shortest SB, and high-staple diet and sleep, and high-staple diet A

Figure 1. Flow chart of statistical analyses. SB, sedentary behavior; MVPA, moderate-to-vigorous intensity physical activity;

LPA, light intensity of physical activity.

3.3. Cluster Memberships Relationship to Dyslipidemia

Blood lipid profiles among lifestyle behavior clusters are shown in Table 3. The results
of MANOVA showed the lipid profiles were significantly different among clusters in both
age groups. Especially, the difference of TC and LDL-C in the <50 years group, and TC and
TG in the >50 years group, were statistically significant.
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Table 3. Blood lipid profiles of lifestyle behavior clusters.
<50 Years Group >50 Years Group
Total Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total Cluster 1 Cluster 2 Cluster 3 Cluster 4
(n = 2894) (n = 965) (n=728) (n =527) (n =674) p (n=1412) (n =309) (n = 539) (n=196) (n =368) p
<0.01* <0.01*
TC 4.76 4832 471 46320 481" <0.01 522 5.30 20 5.27 5132 5.14b 0.03
TG 1.62 1.63 1.62 1.55 1.64 0.30 1.96 2.27 abe 1.88? 1.90° 1.84¢ <0.01
HDL-C 1.30 1.28 1.31 1.31 1.31 0.98 1.33 1.32 1.32 1.33 1.34 0.25
LDL-C 2.86 2.98 abe 2832 2.73 bd 2.86 bed <0.01 3.10 3.12 3.16 3.02 3.04 0.09

In <50 years group: Cluster 1, long SB and the shortest sleep, high-salt and oil diet; Cluster 2, short SB and the longest sleep; Cluster 3,
long MVPA, SB, sleep, and extremely short LPA; Cluster 4, extremely long MVPA, the shortest SB, and high-staple diet. In >50 years
group: Cluster 5, the longest SB and short sleep; Cluster 6, the shortest SB and long sleep; Cluster 7, moderate MVPA and LPA, short
SB, the longest sleep, and healthy diet; Cluster 8, the longest MVPA, short SB and sleep, and high-staple diet. * p-value was obtained
by MANOVA. Superscript letters denote statistically significant pairwise comparisons (following Bonferroni correction of p < 0.008). p,
p-value; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SB,
sedentary behavior; MVPA, moderate-to-vigorous intensity physical activity; LPA, light intensity physical activity; MANOVA, multivariate
analysis of variance.
Among all the participants, 43.80% (1886/4306) were prevalent cases of dyslipidemia,
13.59% (585/4306) were newly diagnosed dyslipidemia cases, with the remaining 42.61%
(1835/4306) not suffering from dyslipidemia. The associations between dyslipidemia and
cluster memberships by multinomial logistic regression are shown in Table 4. A higher
prevalence of newly diagnosed dyslipidemia was found among participants in cluster
1 relative to the other clusters (p < 0.01) in both age groups. No statistically difference of
prevalent cases was found among clusters in both age groups. In particular, among people
<50 years, participants in cluster 2 and cluster 4 had a significantly decreased prevalence of
newly diagnosed dyslipidemia (ORjyster2 [0dds ratio]: 0.688, 95% CI jyster2 [confidence
interval]: 0.475-0.995; OR usters: 0421, 95% CI qugters: 0.277-0.640) relative to cluster 1 after
covariate adjustment. Similarly, in the >50 years group, participants in cluster 2 and cluster
4 had a significantly decreased prevalence of newly diagnosed dyslipidemia (OR (jystero:
0.638, 95% CI (ugter2: 0.412-0.988; OR (jystera: 0-365, 95% CI (justers: 0.221-0.602) relative to

cluster 1 after adjusting for potential confounders.

Table 4. Associations between dyslipidemia and lifestyle clusters among participants.

Newly Diagnosed Dyslipidemia
Cluster 7 (%) Model 1 AOR (95% CI)

Prevalent Dyslipidemia

Cluster n (%)

Model 2 AOR (95% CI) Model 1 AOR (95% CI) Model 2 AOR (95% CI)

<50 years old

1 115 (11.9%) @ 1.000 (Reference) 1.000 (Reference) 1 385 (39.9%) @ 1.000 (Reference) 1.000 (Reference)
2 69 (9.5%) 0.654 (0.458, 0.936) * 0.688 (0.475, 0.995) * 2 298 (40.9%) 0.801 (0.560, 1.145) 0.875 (0.700, 1.095)
3 57 (10.8%) 0.738 (0.507, 1.074) 0.901 (0.604, 1.345) 3 187 (35.5%) P 0.663 (0.368, 1.195) 0.824 (0.640, 1.059)
4 46 (6.8%) 0.355 (0.238, 0.529) t 0.421 (0.277, 0.640) * 4 317 (47.0%) % 0.794 (0.557, 1.132) 0.848 (0.671, 1.073)
>50 years old

5 91(29.4%) @ 1.000 (Reference) 1.000 (Reference) 5 143 (46.3%) abc 1.000 (Reference) 1.000 (Reference)
6 116(21.5%) 0.595 (0.400, 0.887) * 0.638 (0.412, 0.988) * 6 265 (49.2%) @ 0.808 (0.559, 1.169) 0.824 (0.569, 1.194)
7 42(21.4%) 0.681 (0.406, 1.140) 0.800 (0.460, 1.392) 7 104 (53.1%) ® 1.050 (0.664, 1.659) 1.080 (0.680, 1.705)
8 49(13.3%) @ 0.300 (0.190, 0.470) t 0.365 (0.221, 0.602) * 8 187 (50.8%) © 0.683 (0.462, 1.008) 0.702 (0.475, 1.039)

In <50 years group: Cluster 1, long SB and the shortest sleep, high-salt and oil diet; Cluster 2, short SB and the longest sleep; Cluster 3, long
MVPA, SB, sleep, and extremely short LPA; Cluster 4, extremely long MVPA, the shortest SB, and high-staple diet. In >50 years group:
Cluster 5, the longest SB and short sleep; Cluster 6, the shortest SB and long sleep; Cluster 7, moderate MVPA and LPA, short SB, the
longest sleep, and healthy diet; Cluster 8, the longest MVPA, short SB and sleep, and high-staple diet. Model 1 was adjusted for age, gender,
education, occupation, and family annual income. Model 2 was adjusted for BMI, smoke, alcohol, history of hypertension and diabetes
based on model 1. * p < 0.05; T p < 0.01. Superscript letters denote statistically significant pairwise comparisons (following Bonferroni
correction of p < 0.008). AOR, adjusted odds ratio; CI, confidence interval; SB, sedentary behavior; MVPA, moderate-to-vigorous intensity
physical activity; LPA, light intensity physical activity.

4. Discussion

This study aggregated compositional data of daily activities and dietary patterns into
lifestyle behavior clusters and explored their relationships with dyslipidemia. Cluster
analyses were conducted among participants aged < 50 years and >50 years because
age might be a confounding factor influencing the association between lifestyle behavior
and dyslipidemia. Cluster analysis is a statistical classification technique for discovering
whether the individuals of a population fall into different groups, and the characteristics of
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the clusters were summarized by the results of cluster analysis. Time length of PA, SB, and
sleep of a cluster was classified by comparing their time-use with the mean of PA, SB, and
sleep in the total population in each age group.

Different lifestyle behavioral characteristics were found among clusters in two age
groups. Besides, daily cumulative time of SB and sleep in the <50 years group was almost
longer than that in the >50 years group. This phenomenon may result from greater need
for sleep, prolonged sitting at work, pressure from every aspect, and relatively unhealthy
lifestyle behavior among young people [34]. No obvious differences of MVPA and LPA
existed between two age groups, except for extremely short cumulative time of LPA in the
<50 years group, which may be due to more housework and physical exercises, instead
of activities at work, conducted after retirement. This change has been found in previous
research [37,38].

The average cumulative time of sleep in the <50 years group was higher than that in
the >50 years group, but both groups met the criteria of the American Sleep Time Duration
Recommendation [39]. The result of sleep variation by age was similar to a previous
research [33]. However, short cumulative time of sleep and highest prevalence of newly
diagnosed dyslipidemia in clusters 1/5 in both age groups indicated that a relationship
between sleep and dyslipidemia might exist. Furthermore, several studies have shown
that too long or too short sleep duration increased the risk of CVD, stroke, hypertension,
diabetes, and metabolic syndrome [40—-42]. Except for sleep duration, other aspects of
sleep were proved to be related to chronic non-communicable diseases [43-45]. A study
revealed the finding that sleep fragmentation was associated with higher blood glucose
levels among African-Americans, and poor sleep efficiency and long wake after sleep onset
increased risk of incident CVD [43]. As a result, comprehensive assessment of sleep should
be conducted to explore its relationship with health outcomes.

Furthermore, results showed that part of the population focused on healthy lifestyle,
but some unhealthy lifestyle behaviors might exist together, such as less PA, more SB, and
unhealthy diet. This finding is in line with previous researches [11,46—48], suggesting these
people are potential subjects of health education and behavior interventions in the future.

The results of multinomial logistic regression showed that risk of newly diagnosed
dyslipidemia might be lower in cluster 2 and cluster 4, but not in cluster 3, compared with
cluster 1 in both age groups. This finding indicated that less SB, combined with more MVPA,
might decrease risk of newly diagnosed dyslipidemia effectively. However, conducting
MVPA may have difficulties in relieving the harm of extremely long cumulative time of
SB, so decreasing SB time may be relatively more effective than increasing MVPA time in
decreasing risk of newly diagnosed dyslipidemia. However, no significant difference of
prevalent dyslipidemia was observed among clusters in both age groups, which might be
due to changes in lifestyle behaviors after suffering from dyslipidemia.

Age among clusters in >50 years varied significantly, with cluster 5 being the oldest.
Therefore, age might be an influencing factor of selecting lifestyle behavior, and more
SB and less PA might be conducted among participants with older age. The statistical
difference on BMI among clusters in the <50 years group was significant, and cluster 5 had
the highest BMI, which indicated that BMI might be associated with lifestyle behavior.
Cluster 4 in the <50 years group showed different characteristics from the others. Extremely
long cumulative time of MVPA, the shortest cumulative time of SB, and more staple foods
intake were major characteristics in this cluster. Besides, cluster 4 tended to appear in
participants who were male, less educated, consumed cigarettes and alcohol, and had low
annual family income. This phenomenon may be explained by the “Health Worker Effect”,
which means these young people who were comparatively better in physical fitness often
choose manual work without paying much attention to a healthy lifestyle. Therefore, the
association between extremely long cumulative time of MVPA and dyslipidemia is unclear.
Previous research showed different findings for the health effects of MVPA [49,50], so
further scientific research regarding this theme is needed.
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The main strength of this study is the application of compositional data analysis
to process 24-h time-use on activities, which are recommended for cluster analysis of
compositional data. Furthermore, daily cumulative time of activities was considered to
develop recommendation on daily PA, SB, and sleep. In addition, participants’ lifestyle
behaviors were explored comprehensively, considering cumulative time of all intensities
of PA, SB, sleep, as well as dietary patterns, which are the most crucial modified behavior
factors to prevent dyslipidemia. To our knowledge, this study is the first to combine
compositional data analysis with cluster analysis to identify lifestyle behavior clusters
among adults, and their relationship with dyslipidemia. Previous studies have combined
compositional data analysis and linear regression to examine the associations between 24-h
time-use on activities and physiological indicators related to chronic non-communicable
diseases without considering dietary pattern [17,51-55]. Recent studies have integrated
compositional data analysis with cluster analysis to explore the relationships of adiposity
or its indexes with 24-h time-use on activities among children and adolescents [16,56-58],
but no such research has been conducted among adults.

Several limitations exist in our study. First, the cross-sectional design employed in this
study impedes the inference of causation. Further prospective studies should be conducted.
Second, information on activities and dietary intake was obtained by IPAQ and FFQ, so
slight differences between self-reported data and the actual situation might exist. However,
these questionnaires have been widely used among the Chinese population because of
their substantial validity and reliability. Finally, the results cannot be generalized to other
populations because of exploratory, data-driven nature of cluster analysis and principal
component analysis.

5. Conclusions

In summary, this study adds to current evidence that less SB and more MVPA may
decrease risk of dyslipidemia, and health education and behavior intervention should
focus on the target population. Future studies should also be conducted to investigate the
relative significance of specific lifestyle behaviors in relation to dyslipidemia, and make
effective interventions.
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