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Abstract

The aim of this study was to assess the sleep status of middle-aged and elderly adults in Bengbu City, Anhui
Province, China, to identify the major dietary patterns, and to analyze the association of different sleep duration
and dietary patterns with metabolic syndrome (MetS) and its related influencing factors, as well as to explore the
predictive value of sleep duration and dietary patterns. A cross-sectional analysis was performed utilizing data
collected from the Community-based Cardiovascular and Health Promotion Study 2019 (COCHPS 2019) conducted
in Bengbu. The definition of MetS adhered to the criteria of Guidelines for the Prevention and Treatment of
Dyslipidemia in Chinese Adults (2016 Revision). Dietary information was obtained using the Food Frequency
Questionnaire (FFQ) to assess dietary intake over the past year. Principal component analysis (PCA) was performed
to identify dominant dietary patterns. A logistic regression model was developed to analyze the associations
among sleep duration, dietary patterns, and MetS, and a decision tree (DT) model was developed to compare
factors affecting MetS and screen people at high risk for MetS. The prevalence of MetS was 13.4% among the
9132 middle-aged and elderly residents over 45 years of age included in COCHPS 2019. Participants were divided
into short (<6 h/d), normal (6-8 h/d), and long (> 8 h/d) groups based on their daily sleep duration. Three dietary
patterns were identified by PCA, the fruit-milk pattern, the tubers-meat pattern, and the vegetable-cereal pattern.
After adjusting for covariables, logistic regression analysis showed that long sleep duration was significantly
negatively associated with MetS. The fruit-milk and vegetable-cereal patterns were negatively associated with MetS,
whereas the tubers-meat pattern was positively correlated with MetS. The results of the DT model analysis showed
that the vegetable-cereal pattern is the most important factor impacting MetS, followed by marital status, the
tubers-meat pattern, the fruit-milk pattern, exercise, sleep duration, and gender. The DT model also screened out
five types of MetS high-risk groups. The results of our study indicate that normal sleep duration and consumption
of either a fruit-milk or vegetable-cereal diet may lower the likelihood of developing MetS in middle-aged and
elderly adults.
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Introduction

The clinical condition known as metabolic syndrome
(MetS) is characterized by abdominal obesity, dyslipid-
emia, hypertension, and hyperglycemia [1]. Based on the
definition of MetS by the International Diabetes Federa-
tion (IDF), approximately 20—-25% of people globally suf-
fer from MetS [2], with the prevalence of MetS ranging
from 13.6 to 46.3% in China [3, 4]. The research findings
have demonstrated a significant association between
MetS and an elevated risk of developing diabetes, cardio-
vascular disease, and various types of cancer, as well as
increased mortality [5]. MetS is clearly a significant and
expanding global public health issue and clinical chal-
lenge [6]. Earlier studies have shown that the prevalence
of MetS varies markedly throughout the regions of China
due to variations in culture, economics, lifestyle, and
degree of aging [7, 8]. For the purpose of implementing
public health interventions, it is crucial to assess the dis-
tribution of MetS and investigate the variables impacting
MetS in detail.

Although the findings have been inconsistent, an
unhealthy lifestyle, which includes an unbalanced diet
and inadequate sleep, is strongly associated with MetS.
Whereas one study found no evidence of a significant
correlation between prolonged sleep and MetS [9], a
meta-analysis indicated a U-shaped relationship between
sleep duration and MetS [10]. Dietary patterns are com-
posed of a group of food elements believed to impact the
occurrence and development of MetS [11, 12]. When
evaluating the link between diet and illness, dietary pat-
terns consisting of multifaceted, nutrient-rich foods play
a more crucial role than singular nutrients or dietary ele-
ments. Therefore, it is believed that eating a holistic diet
rather than focusing on specific foods will more strongly
assist in avoiding the development of disease [13]. Three
healthy diets that have been shown to help reduce the
overall risk of MetS are the Mediterranean diet, the
Dietary Approaches to Stop Hypertension (DASH) diet,
and the Mediterranean-DASH Intervention for Neuro-
degenerative Delay (MIND) diet [7, 14—16]. The varying
frequency of MetS and its components in China has been
partly explained by variations in dietary practices among
Chinese regions.

Data mining is the process of using sophisticated algo-
rithms and data analysis techniques to identify previ-
ously unidentified patterns in data to reveal relationships
between various factors and analyze the extent of influ-
ence of related variables [17]. The use of a decision tree
(DT) algorithm, a method of data mining, enables phy-
sicians to identify the most beneficial choice for their

patients by establishing a set of prioritized categorization
criteria [18]. Because of their visual and comprehensible
features [19], DT models are a widely used modeling
approach in economics and clinical practice. Numerous
studies have demonstrated their efficacy as instruments
for clinical data interpretation [20-22]. Creating predic-
tive models to pinpoint those most susceptible to MetS
could aid in the creation of preventive therapies for the
syndrome and its associated cardiovascular conditions.
The objective of this study was to investigate the
prevalence of MetS in middle-aged and elderly adults in
Bengbu, Anhui Province, China. By so doing, it aimed to
assess sleep status and identify the main dietary patterns,
as well as to analyze the potential association between
different sleep duration, dietary patterns with meta-
bolic syndrome and its associated influencing factors.
High-risk groups were identified using a mix of logistic
regression and decision tree models, and specific recom-
mendations for minimizing the incidence of metabolic
syndrome in terms of sleep and food were presented.

Materials and methods

Data source and survey population

The study data were sourced from the Community-
based Cardiovascular and Health Promotion Study 2019
(COCHPS 2019), this cross-sectional study was con-
ducted in Longzihu district, Bengbu city of Anhui prov-
ince in Southeastern China. The recruitment took place
from September 2019 to December 2019 [23]. A mul-
tistage stratified cluster sampling method was used to
select the middle-aged and elderly residents in our study.
The communities in Longzihu district were stratified and
randomly selected according to the economic levels pro-
portionally [24, 25]. The overall survey included: face-to-
face questionnaire, dietary assessment, anthropometric
measurement and laboratory examinations. A total of
10,258 Bengbu community members were enrolled in
our study. Potential participants were excluded if they
met one or more of the following criteria: age under 45
years (n=274), lack of sufficient demographic data (miss-
ing or abnormal information on one or more items such
as gender, age, marital status, education level)(n=761),
lack of sufficient sleep data (missing or abnormal sleep
information)(n=28), or lack of sufficient dietary data
(missing or abnormal information on one or more food
items)(n=63). Ultimately, 9132 Bengbu residents were
included in this research. Figure 1 illustrates the precise
screening procedure. Informed consent was provided by
all participants. This study accorded with the Helsinki
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Subjects in COCHPS 2019 (n = 10,258)

> Excluded those with aged < 45 years (n =274)

Excluded those with mising values (n = 852)
demographic information (n=761)
sleep information (n = 28)
diet information (n = 63)

Subjects eligible for inclusion criteria (n = 9132)

Fig. 1 The flowchart of participants in this study

Declaration and was approved by the Ethics Committee
of Bengbu Medical University.

Data collection

Trained investigators conducted face-to-face interviews
with community residents using a modified and stan-
dardized questionnaire [26] to collect data on general
demographics, lifestyle habits, and chronic disease his-
tory. The questionnaire contained items regarding (1)
basic personal data, including name, gender, age, educa-
tion level (none/illiterate, primary school, middle school,
high school, or above), and marital status (single, mar-
ried, divorced, or widowed); (2) lifestyle habits, including
smoking status (non-smoker, current smoker, or former
smoker), alcohol consumption (non-drinker, occasional
drinker, or current drinker), dietary habits (mainly meat-
based diet, balanced diet, or vegetarian-oriented diet),
and exercise (regular, occasional, or none); and (3) medi-
cal history, including history of hypertension, diabetes
mellitus, hyperlipidemia, and medication use.

Sleep duration assessment

Information on sleep duration was obtained using a self-
reported questionnaire. In order to obtain accurate sleep
dutation, we ensure the questions specific and clear, we
asked the residents such as “ What time do you usually
go to bed at night? ” and “ What time do you usually wake
up in the morning? ’; in the questionnaire, we asked for
specific time periods rather than vague times, “ Do you
usually go to bed between 10 PM and 11 PM in the past
week? 7 Consider as many people have different sched-
ules for sleep time on weekdays and weekends, the aver-
age sleep time =(weekday sleep dutation * 5+weekend
sleep dutation * 2). Based on their reported daily sleep
length, participants were divided into three groups—a
short group (<6 h/d), a normal group (6-8 h/d), and a
long group (>8 h/d)—according to studies suggesting
that adults over 45 years should get six to eight hours of
sleep every day [27].
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Dietary assessment

Dietary data were gathered using a semi-quantitative
food frequency questionnaire (FFQ) [28] that asked
respondents to recollect the intake and frequency of
diverse foods during the past year. Based on the similar-
ity of local dietary habits and the nutritional composition
of foods consumed in Bengbu, 35 foods in the FFQ were
classified into the following eight food groups (Supple-
mental Table S1): cereals, tubers, vitamin A-rich vegeta-
bles and fruits, red meat (i.e., beef and pork) and poultry,
fish, eggs, and milk. These foods were categorized into
the following eight grades based on the frequency of
consumption: 3 times a day, 1-2 times a day, 5-6 times
a week, 3—4 times a week, 1-2 times a week, 1-3 times
a month, less than 12 times a year, and no consumption.
Trained investigators showed the participants photo-
graphs and models to help them accurately estimate food
portion sizes so that they could report the frequency and
portion size of each food group consumed. The average
daily consumption (g/day) was then estimated by multi-
plying the frequency of consumption by the size of the
meal portion. Finally, the average daily consumption was
divided by body weight to obtain the food intake per kilo-
gram of body weight (g/kgxday).

Anthropometric measurement and blood pressure test
The weight (kg) and height (cm) of all participants were
measured by trained examiners using a fully automatic
height and weight measuring apparatus (HengDing Tech-
nology DMH-301, Zhengzhou, China), and the body
mass index (BMI, kg/m?) was automatically obtained.
Waist circumference (WC, cm) was measured using an
inelastic flexible ruler in the fasting state. All measure-
ments were taken twice to obtain the average value.
Blood pressure (BP) was measured three times continu-
ously using an electronic sphygmomanometer (Omron
HBP-1300; Omron Healthcare, Hoffman Estates, IL,
USA) with a 1 mmHg accuracy, and then the average for
each participant was calculated. To guarantee the accu-
racy of values, the participants rested for at least 10 min
between measurements.

Laboratory examinations

After fasting for at least 8 h, the participants’ fasting
blood glucose (FBG) and blood lipids were measured
using a fully automated biochemistry analyzer (Roche
Modular P800; Roche Diagnostics, Basel, Switzer-
land). For FBG concentration determination, a hexoki-
nase method was used, with an enzymatic colorimetry
method used for triglyceride (TG) determination and a
direct elimination method for high-density lipoprotein
cholesterol (HDL-C) determination. Laboratory quality
was strictly controlled for all tests.
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Metabolic syndrome definition

The diagnostic criteria of MetS were derived from the
Guidelines for the Prevention and Treatment of Dyslip-
idemia in Chinese Adults (2016 Revision) [29]. It includes
the following five components: (1) abdominal obesity:
males WC=>90 cm and females WC=85 cm; (2) hyper-
glycemia: FPG level >6.1 mmol/L, or a previous diagnosis
of diabetes mellitus for which one is receiving treatment;
(3) hypertension: BP>140/90 mmHg or a diagnosis of
hypertension for which one is receiving treatment; (4)
low HDL-C: HDL-C level<1.04 mmol/L; and (5) high
TG: TG level21.70 mmol/L. Participants who met three
or more of the five criteria were diagnosed as having
MetS.

Statistical analysis

Data were analyzed using Epidata 3.1 (EpiData Asso-
ciation, Odense, Denmark) and SPSS version 25.0 (SPSS
Inc., Chicago, IL, USA) software. Principal component
analysis (PCA) was performed to determine dietary pat-
terns. The Kaiser—Meyer—Olkin (KMO) and Bartlett’s
sphericity tests were performed to determine whether
factor analysis was appropriate before the analysis. The
initial factor loading matrix was then rotated to obtain
maximum variance, and eigenvalue>1 and cumulative
contribution variance were used as criteria for the inclu-
sion of common factors. Foods with a large factor load-
ing (>0.5) were categorized into dietary patterns, and the
factor scores of each dietary pattern were divided into
four groups (Q1, Q2, Q3, and Q4) by quartiles. To evalu-
ate the normality of the data, the Kolmogorov—Smirnov
test was performed. Quantitative data are presented as
mean=standard deviation (SD) and qualitative data as
the percentage. MetS and non-MetS groups were com-
pared using t-tests for continuous variables and chi-
square tests for categorical variables. Logistic regression
analysis was performed to calculate odds ratios (ORs)
and 95% confidence intervals (CIs) to determine the
relationship among MetS, sleep duration, and dietary
patterns.

The DT model was built using IBM SPSS Modeler ver-
sion 18.0 software (IBM, Armonk, NY, USA). In the DT
structure, the main node represents the test condition,
the branch node represents the result of the condition
test, and the leaf node represents the outcome of the clas-
sification. Each node of the DT is a formula that decides
whether the incoming data follows a path based on a vari-
able. As a consequence, each node can split the input data
into many categories, with the tree’s leaf nodes represent-
ing the classification results [30, 31]. To analyze relevant
influences on MetS, the chi-square automatic interaction
detector (CHAID) algorithm was used, and the predic-
tor variable with the largest category difference became
the node’s separation variable. The chi-square test is

Page 4 of 13

used by the CHAID algorithm to determine whether two
variables should be merged. The predictor variable that
has the largest class difference becomes the separation
variable for that node if it can be constructed [32]. The
tree growth layer was set at 3, and the stopping rule was
a=0.05, with a minimum sample size of 100 at the par-
ent node and 50 at the child node. Whether DT contin-
ued to grow in the node was determined by calculating
its P-value and whether CHAID stopped the propaga-
tion of the pivots before application [33]. The area under
receiver operating characteristic curve (AUROC) values
and 95% CI values for each model were calculated and
compared using MedCalc version 18 software (MedCalc
Software Ltd., Ostend, Belgium) to assess the predictive
effectiveness of the models. Statistics were conducted
with two-tailed tests, and a difference of P<0.05 was con-
sidered statistically significant.

Results

General characteristics

As shown in Tables 1 and 9132 residents were included
in the study, 3901 of whom were males and 5231 females,
Among the 9132 residents, who had an average age of
62.87+6.11 years, 1220 residents (13.4%) were diagnosed
with MetS. Significant differences were observed among
the groups in terms of gender, marital status, dietary
habits, exercise, sleep duration, and BMI (P<0.05). The
prevalence of MetS was 10.8%, 13.2%, and 15.9% for par-
ticipants who were single, married, divorced, and wid-
owed, respectively (y’=6.443, P=0.040). The majority of
MetS participants who had a balanced diet (y’=12.688,
P=0.005) reported that they did not exercise (y>=17.090,
P<0.001). The mean BMI of MetS participants was
26.93%3.12 kg/m?, whereas that of non-MetS partici-
pants was 24.36+3.16 kg/m? (t =-26.737, P<0.001).

Dietary patterns

Based on the KMO index of 0.677 and Bartlett’s test
result (P<0.001), PCA was able to be conducted. The
overall three dietary patterns explained 48.896% of the
variance in the study. Dietary pattern 1 (DP1), which had
high loadings for fruits, milk, and eggs, was labeled the
“fruit-milk pattern” and found to explain 16.960% of the
variance in food intake. Dietary pattern 2 (DP2), which
had high loadings for tubers, poultry, red meat, and
fish, was labeled the “tubers-meat pattern” and found to
explain 16.730% of the variance in food intake. Dietary
pattern 3 (DP3), which had high loadings for vegetables
and cereal, was labeled the “vegetable-cereal pattern” and
found to explain 15.206% of the variance in food intake.
The factor-loading matrixes for the three dietary patterns
are displayed in Table 2.
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Table 1 General characteristics of the study population
Characteristics Total(n=9132) Mets(n=1220) Non-Mets(n=7912) t/x2 P
Age(years) 62.87+6.111 62.96+5.806 62.86+6.157 -0.526 0.599
Gender 6.235 0.013
Male 3901(42.7) 481(12.3) 3420(87.7)
Female 5231(57.3) 739(14.1) 4492(85.9)
Education level 3.000 0.223
llliteracy or primary school 18(0.2) 0(0.0) 18(100.0)
Middle school 9103(99.7) 1218(13.4) 7885(86.6)
High school and above 11(0.1) 2(18.2) 9(81.8)
Marital status 6.443 0.040
Single 223(2.4) 24(10.8) 199(89.2)
Married 8062(88.3) 1061(13.2) 7001(86.8)
Divorced or Widowed 847(9.3) 135(15.9) 712(84.1)
Smoking Status 0976 0614
Non-smoker 8180(89.6) 1086(13.3) 7094(86.7)
Current smoker 820(9.0) 118(14.4) 702(85.6)
Former smoker 132(1.4) 16(12.1) 116(87.9)
Alcohol status 2.397 0.302
Non-drinker 8109(88.8) 1077(13.3) 7032(86.7)
Occasional drinker 470(5.1) 58(12.3) 412(87.7)
Current drinker 553(6.1) 85(15.4) 468(84.6)
Dietary habits 12.196 0.002
Meat oriented 139(1.5) 32(23.0) 107(77.0)
Balanced diet 7567(82.9) 989(13.1) 6578(86.9)
Vegetarian oriented 1426(15.6) 199(14.0) 1227(86.0)
Exercise 17.090 <0.001
Regularly 3078(33.7) 461(15.0) 2617(85.0)
Occasionally 966(10.6) 146(15.1) 820(84.9)
Never 5088(55.7) 613(12.0) 4475(88.0)
Sleep duration 6.540 0.038
Short 1324(14.5) 186(14.0) 1138(86.0)
Normal 6981(76.4) 902(12.9) 6079(87.1)
Long 827(9.1) 132(16.0) 695(84.0)
Energy Intake(kcal/day) 1774.39+466.40 1794.35+473.61 1771.31+465.23 -1.585 0.113
B!\/H(kg/mz) 24.70+£3.27 2693+3.12 2436+3.16 -26.737 <0.001
Mets components
WC(cm) 86.45+9.90 94514873 85.21+9.48 -32.221 <0.001
TG(mmol/L) 1.52+1.09 230+140 1.40+0.98 -28.066 <0.001
SBP (mmHg) 13268+15.16 14490+15.61 130.79+14.18 -31.891 <0.001
DBP (mmHg) 7893+897 83.70+9.86 7820+8.59 -20.400 <0.001
FBG(mmol/L) 5.78+1.86 751+237 552+1.61 -37.447 <0.001

Quartile characteristics of dietary patterns

Characteristics across the quartiles of dietary patterns
are summarized in Table 3. Participants in the higher
quartile group of DP1 were more likely to be female,
more likely to consume alcohol, more likely to have
a higher energy intake, and more likely to have a lower
BMI (P<0.05). Participants in the higher quartile of DP2
were more likely to be female, more likely to be older,
more likely to be married, less likely to smoke, less likely
to consume alcohol, less likely to eat meat, more likely to
have a higher energy intake, and more likely have a lower
BMI (P<0.05). Participants in the higher quartile of DP3

were more likely to be female, more likely to be older,
more likely to be married, less likely to smoke, less likely
to consume alcohol, less likely to eat meat, and more
likely to have a lower BMI (P<0.05).

Analysis of the prevalence of metabolic syndrome
according to dietary patterns and sleep duration

Figure 2 shows the prevalence of MetS and its compo-
nents according to dietary patterns and sleep duration.
Compared with those with a normal sleep duration, par-
ticipants with short and long sleep durations had a sig-
nificantly higher prevalence of MetS. Among participants
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Table 2 Factor-loading matrix for the three dietary patterns
among middle-aged and elderly adults in Bengbu city

Food groups DP1 DP2 DP3
(Tubers- (Fruit-milk  (Vegeta-
meat pattern) ble-cereal
pattern) pattern)

Fruits -0.017 0.736* 0231

Milk 0137 0.636* -0.026

Eqgs 0429 0.380 0.024

Vegetables -0.037 0.146 0.717*

Tubers 0.600* 0.085 0.024

Cereal 0.145 0.021 0.742*

Fish 0.690* -0.224 -0.110

Livestock and poultry meat ~ 0.543* 0.305 0117

Percentage of variance (%) 16.730 16.960 15.206

* Food groups with factor loadings >0.50 are highlighted in bold

following the fruit-milk and vegetable-cereal dietary
patterns, those with higher pattern scores had a lower
prevalence of MetS. However, participants with higher
scores in the tubers-meat pattern had a higher prevalence
of MetS except for those at the Q4 level. Participants
with higher scores in the fruit-milk pattern had a lower
prevalence of abdominal obesity, hyperglycemia, and
hypertension. Participants with higher scores in the vege-
table-cereal pattern had a lower prevalence of abdominal
obesity, hyperglycemia, and hyperlipidemia. Participants
with higher scores in the tubers-meat pattern had a lower
prevalence of abdominal obesity and a higher prevalence
of hyperlipidemia.

Multivariable logistic regression analysis of sleep duration,
dietary patterns, and MetS

The results of the analysis of the association among sleep
duration, dietary pattern, and MetS are shown in Table 4.
Participants with long sleep duration were more likely
to develop MetS than those with normal sleep duration,
both in Model 2 (OR=1.288, 95% CI: 1.055-1.572) and
Model 3 (OR=1.284, 95% CI: 1.052-1.568). Participants
with Q4 factor scores were less likely to have MetS in
Model 2 (OR=0.586, 95% CI: 0.489-0.702) and Model
3 (OR=0.591, 95% CI: 0.493-0.709) if they followed
the fruit-milk dietary pattern. In both models, partici-
pants with dietary scores at the Q3 (OR=0.647, 95% CI:
0.547-0.765; OR=0.651, 95% CI: 0.550-0.770) and Q4
(OR=0.443, 95% CI: 0.369-0.533; OR=0.444, 95% CI:
0.369-0.534) levels had a significantly decreased risk of
MetS if they followed the vegetable-cereal pattern. By
contrast, the risk of developing MetS was increased for
participants who scored at the Q2 (OR=1.212, 95% CI:
1.019-1.441; OR=1.213, 95% CI: 1.020-1.443) and Q3
(OR=1.323, 95% CI: 1.116-1.570; OR=1.323, 95% CIL:
1.115-1.570) levels if they followed the tubers-meat
pattern.
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Analysis of factors impacting MetS based on the DT model
According to the parameter settings in the research
method, the variables with statistical significance in sin-
gle-factor analysis were incorporated into the DT model.
The results generated are shown in Fig. 3. A total of 3 lay-
ers, 22 nodes, and 12 terminal nodes were generated in
the DT model. The accuracy rate of the model was 86.6%,
which demonstrated good predictive and classification
ability. The root node of the model was DP3, indicating
that DP3 had the strongest correlation with MetS. The
other variables listed in descending order of importance
were marital status, DP2, DP1, exercise, sleep duration,
and gender. Dietary habits were not included in the
model. The model screened out five high-risk categories
for MetS, which are shown in Table 5.

Assessment of model prediction effect

Significant factors screened out by both the logistic
regression and DT models were gender, marital status,
exercise, sleep duration, DP1, DP3, and DP2. Significant
factors also screened out by the logistic regression model
were dietary habits. The AUC values of sleep duration,
DP1, DP2, and DP3 predicted by the logistic regression
model were 0.561, 0.564, 0.578, and 0.599, respectively.
However, the AUC value of the DT model was 0.608,
indicating that the DT model is a slightly better predictor
than the logistic regression model, as shown in Fig. 4.

Discussion

This population-based, cross-sectional study explored
the effects of sleep duration and dietary patterns on the
risk of MetS in middle-aged and elderly adults in Bengbu,
China. Regarding sleep, the results revealed a notable
increase in the risk of MetS with long sleep duration in
contrast with normal sleep duration. Regarding dietary
pattern, a positive association was identified between the
tubers-meat dietary pattern and MetS, whereas a nega-
tive association was associated with the vegetable-cereal
and fruit-milk dietary patterns and MetS. The DT and
logistic regression models were compared regarding
their ability to determine whether dietary patterns or
sleep duration more significantly affects the likelihood
of developing MetS. From the predictive perspective, the
DT model marginally outperforms the logistic regression
model in predictive accuracy.

In general, the prevalence of MetS is slightly higher
in males than females under 50 years. However, over 50
years of age, alterations in genetic and biological routes
post-menopause lead to females having a higher likeli-
hood of developing MetS compared with males, with
socioeconomic status being an additional influence [34].
Previous studies are consistent with the findings of this
study, which found that the prevalence of MetS is higher
in females (14.1%) than males (12.3%). The prevalence of
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Fig. 2 Comparison of MetS prevalence among different sleep duration and dietary patterns. * P<0.05, ** P<0.001

MetS in middle-aged and elderly adults in Bengbu was
13.4%, lower than that reported by Tao Xu et al. in the
2009 China Health and Nutrition Survey (21.3%) [35] and
higher than that reported in a cross-sectional study cov-
ering six provinces from 2007 to 2011 (10.47%) [36]. The
IDF reported that the prevalence of MetS globally varies
between 6% and 50% [37, 38], and differences in preva-
lence may be attributed to variations in sampling proce-
dures, data collection methods, and age.

Sleep represents a dynamic physiological condition
marked by active variations in the central nervous sys-
tem, breathing, blood flow dynamics, and metabolic
aspects. The impact of sleep on pathology and heart
health can manifest in multiple forms [39]. Numer-
ous research works have established a link between the
length of sleep and MetS, although the definition of MetS
varies [40]. The inconsistent outcomes in four research
projects employing the National Cholesterol Education
Program (NCEP) Adult Treatment Panel III (ATP III)
criteria [41-44] could stem from limited sample sizes in

certain studies [41, 42] and scarce data on confounding
variables in others [43]. Research in Europe involving
1332 women revealed a correlation between extended
sleep periods (=9 h) and a higher incidence of MetS [44].
An extensive cross-sectional analysis of Chinese individ-
uals aged over 50 years employing a narrow definition of
MetS also identified a positive correlation between pro-
longed sleep (=9 h) and MetS [45]. Prolonged bed rest
(29.5 h) appears to be associated with increased som-
nolence and decreased physical activity [46]. In middle-
aged and elderly individuals, extended sleep duration
(>9 h) is associated with diminished muscle mass [47]
and a decline in glucose metabolism [48]. The causal con-
nection between these elements remains ambiguous,
suggesting a probable bidirectional correlation.

This study revealed a positive correlation between
the tubers-meat dietary pattern (excluding at the Q4
level) and MetS in contrast to the fruit-milk and vege-
table-cereal dietary patterns, which had a negative asso-
ciation with MetS. The tubers-meat dietary pattern is
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Table 4 The odds ratio (95% Cl) of MetS prevalence in different sleep duration and dietary pattern groups
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MetS(%)  Model 1* P Model 2% P Model 3* P
(OR, 95% CI) (OR, 95% Cl) (OR, 95% CI)
Sleep duration
Normal 902(12.9) 1.000 0.038 1.000 0.034 1.000 0.037
Short 186(14.0) 1.102(0.929~1.306) 0.265 1.102(0.929~1.306) 0.265 1.102(0.929~1.307) 0.267
Long 132(16.0) 1.280(1.049~1.562) 0.013 1.288(1.055~1.572) 0.013 1.284(1.052~1.568) 0.014
Tubers-meat pattern
Q1 272(11.9) 1.000 0.002 1.000 0.001 1.000 0.001
Q2 322(14.1) 1.214(1.021 ~1.433) 0.028 1.212(1.019~1.441) 0.030 1.213(1.020~1.443) 0.029
Q3 347(15.2) 1.326(1.118~1.572) 0.001 1.323(1.116~1.570) 0.001 1.323(1.115~1.570) 0.001
Q4 279(12.2) 1.029(0.861~1.229) 0.755 1.003(0.839~ 1.200) 0974 1.004(0.839~1.202) 0.962
Fruit-milk pattern
Q1 347(15.2) 1.000 <0.001 1.000 <0.001 1.000 <0.001
Q2 334(14.6) 0.956(0.812~1.125) 0.589 0.945(0.802~1.112) 0.494 0.952(0.808~1.121) 0.554
Q3 311(13.6) 0.880(0.746 ~1.038) 0.129 0.852(0.721~1.007) 0.060 0.861(0.729~1.017) 0.079
Q4 228(10.0) 0.619(0.518~0.740) <0.001 0.586(0.489~0.702) <0.001 0.591(0.493~0.709) <0.001
Vegetable-cereal pattern
Q1 386(16.9) 1.000 <0.001 1.000 <0.001 1.000 <0.001
Q2 362(15.9) 0.926(0.792~1.083) 0337 0.910(0.777 ~1.065) 0.238 0.911(0.778~1.067) 0.249
Q3 271(11.9) 0.662(0.560~0.783) <0.001 0.647(0.547 ~0.765) <0.001 0.651(0.550~0.770) <0.001
Q4 201(8.8) 0.474(0.396 ~0.569) <0.001 0443(0.369~0.533) <0.001 0.444(0.369~0.534) <0.001

* Model 1: Unadjusted.® Model 2: Adjusted for gender, age, education level and marital status.” Model 3: Adjusted for gender, age, education level, marital status,
smoking status, alcohol status, dietary habits and exercise

MetS
Node O i
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FEmaEn HNo B6E7912 [
1 ®No | Yes 1341220
i Yoey Total  100.09132
______ T =]
DF3
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|
[ex) 02;: a1 Q4
Node 1 Node 2 Node 3
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5 No 88.1 2012 5 No B3.63818 = No 8122082
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MaritalStatus DF2 DP1
Adj. P-value=0.000, Chi-square=14. Adj. P-value=0.000, Chi-sguare=20. Adj. P-value=0.035, Chi-square=7.829,
282, df= =
| |
Marned‘, Single Divorced u]rWldnwed QllA Qs3; C‘N; Q2 0|1 Q4; (|32, Q3
Node 4 Node & Node & Node 7 Node 8 Node 8
Category % n Category % n Category % n Category % n Category % n Category % n
B No 88.9 1859 " No 797 153 5 No 87.81023 5 No 8222795 = No 937 B54| |WNo 90.1 1428
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Fig. 3 Decision tree model of influencing factors of MetS
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Table 5 Five categories of people at high risk for MetS screened

by the model

Group People at high risk of MetS

1 The Q4 level of DP3 factor scores; The Q2, Q3 and
Q4 levels of DP1 factor scores

2 Female; The Q1 and Q2 levels of DP3 factor scores;
The Q1, Q2 and Q3 levels of DP2 factor scores

3 The Q1 level of DP3 factor scores; The Q4 level of
DP?2 factor scores

4 The Q3 levelof DP3 factor scores; Divorced or
widowed; Short and Long Sleep Duration

5 The Q3 levelof DP3 factor scores; Married and

Single; Exercise occasionally and regularly

Q1: The first quartile of dietary pattern scores; Q2: The second quartile of dietary
pattern scores; Q3: The third quartile of dietary pattern scores; Q4: The fourth
quartile of dietary pattern scores; DP1: Tubers-meat pattern; DP2: Fruit-milk
pattern; DP3: Vegetable-cereal pattern

characterized by a high consumption of poultry, red
meat, fish, eggs, and tubers. Earlier research indicates a
potential rise in MetS risk with excessive red meat intake
[49]. Overconsumption of red meat is linked to elevated
levels of saturated fats and cholesterol [50], which are
linked to a heightened risk of MetS. Combining the
results shown in Fig. 2; Table 4 shows that at the Q1 to
Q3 levels, the tubers-meat dietary pattern was posi-
tively correlated with MetS, whereas at the Q4 level, no
notable link was found between MetS and the tubers-
meat dietary pattern. This could be linked to the fact that
tubers have high levels of dietary fiber and low levels of
fat and protein [51], offering a potent defense against the
onset of MetS and type 2 diabetes [52], thus reducing the
risk of MetS.

In a similar manner, the vegetable-cereal dietary pat-
tern is enriched with green vegetables and refined grains,

100
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T
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and the fruit-milk pattern is enriched with fruit and
dairy products, which are protective against MetS. Both
dietary patterns are abundant in dietary fiber, vitamins,
minerals, antioxidants, complex carbohydrates, prebi-
otics, and probiotics. Research indicates that a diet rich
in whole grains, including whole wheat, known as a
whole-grain diet, offers a wealth of dietary fiber and anti-
oxidants, which are advantageous for maintaining health
[53]. Earlier research indicates that a diet from southern
China, marked by abundant rice, vegetables, fruits, and
water-based items, correlates with a reduced MetS risk.
This diet, which is rich in dietary fiber, polyunsaturated
fatty acids, vitamins, and minerals and low in saturated
fats and sodium, aids in the regulation of blood pressure
and lipids [54, 55]. It has also been shown that prebiot-
ics can regulate body weight and insulin action, thereby
reducing the risk of abdominal obesity and hyperglyce-
mia [56, 57].

To more deeply visualize the influence of dietary pat-
terns and sleep duration on MetS and to screen the
characteristic high-risk population, DT modeling was
performed. The findings indicated a more robust link
between dietary patterns and MetS compared with sleep
duration. The DT stands out as an interpretable machine
learning model known for its straightforward, lucid, and
instinctive tree structures that effectively categorize pre-
dictive variables [58]. DT modeling removes covariance
among variables, reflects the interactions among vari-
ables, and specifically analyzes the significance of vari-
ables in subgroups. In addition, tree models offer the
possibility of generating easy-to-understand MetS pre-
vention and control rules. DT modeling is mainly used
in clinics in diagnosis, risk, degeneration, prognosis

100 |~
80
60 |-
10}
20
I AUC = 0.608
P <0.001
O 5 o ¢ f s 35 § o5 oo §op o5 5T
0 20 40 60 80 100
100-Specificity
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Fig.4 ROC curves of LR model and DT model. (A): Logistic regression model; (B): Decision tree model
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[59-61], and clinical decision support systems (CDSS)
[62], where they have demonstrated powerful perfor-
mance and high accuracy. This has made DT modeling
a useful scoring tool for predicting MetS risk in several
clinical applications.

This study is innovative in its use of both logistic regres-
sion and DT models to investigate the factors impacting
MetS in the population of the Bengbu region and pres-
ent the model findings using the DT model’s dendro-
gram visualization. Nevertheless, this study has several
limitations that should be considered when reviewing
the findings. First, Bengbu is only one city and, as such,
is not entirely representative of the entire population of
the province. Second, the food frequency questionnaire
was used to investigate the residents’ diet. The classifica-
tion of food items was too general, and the food items
could be further refined to obtain more accurate and
more dietary patterns. Third, the sleep duration of resi-
dents were mostly obtained through questionnaire sur-
veys, if objective methods such as actigraphy were used
for assessment, the accuracy will be improved. Fourth,
although the questionnaire was administered by skilled
interviewers using a standardized technique, it was self-
reported, which may have led to biased reporting. It is
impossible to completely rule out the probability that
residual confounders came from unmeasured variables
or other possible influences. Fifth, because this study
was cross-sectional, causation could not be determined.
Longitudinal and prospective investigations are therefore
required to confirm the aforementioned influences and
to provide the Bengbu government departments a theo-
retical foundation upon which to develop reasonable pre-
ventive measures for high-risk populations. Finally, the
MetS risk prediction model was not externally validated;
instead, it was created and internally verified using a
community of medical examiners. Future studies should
therefore endeavor to externally validate the model and
findings.

Conclusions

According to our research, sleep and diet are significant
factors in managing MetS. Regarding sleep, individuals
with a longer-than-average sleep duration have a higher
risk of developing MetS than participants with an aver-
age sleep duration. Regarding diet, individuals who fol-
low the tubers-meat dietary pattern have a higher risk
of developing MetS compared with those who follow the
fruit-milk and vegetable-cereal patterns. The findings of
this study provide a reference regarding the dietary hab-
its of middle-aged and elderly adults of northern Anhui
Province, China. These findings should be considered
together with previous findings to enhance the sleep and
nutrition of residents to help stop the onset and progres-
sion of MetS.
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