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Joint association of physical activity and diet =
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Abstract

Objective This study aims to investigate the prevalence of dyslipidemia and assess the joint association of physical
activity (PA) and diet quality on dyslipidemia risk in urban areas of Xinjiang.

Methods Conducted from July 2019 to September 2021 in Xinjiang, China, this cross-sectional study involved 11,855
participants (mean age 47.1+9.4 years, 53.1% male). Standard methods were used to measure plasma cholesterol
levels, and validated questionnaires were employed to evaluate dietary habits and PA. The definition of dyslipidemia

is based on 2023 Chinese guidelines for lipid management. PA was divided into guideline-recommended moderate-
to-vigorous physical activity (MVPA) and non-MVPA, following World Health Organization guidelines. The Food
Frequency Questionnaire was used to obtain the intake frequency of each dietary term. Each item was scored based
on consumption frequency and divided into three groups (good, intermediate, and poor) based on total dietary score.
Multivariate logistic regression analysis was performed to identify dyslipidemia risk factors, as well as the joint associa-
tion of PA and diet quality.

Results Dyslipidemia prevalence among urban adults in Xinjiang was 39.3%, with notable sex disparities (52.6%

in males vs. 24.3% in females, P<0.001). Among participants with dyslipidemia, the awareness, treatment and con-
trol rates were 6.9%, 3.1%, and 1.9%, respectively. A significant multiplicative interaction between PA and diet
quality is associated with dyslipidemia (P for interaction < 0.05). Less PA and poor diet quality were associated

with an increased odds of dyslipidemia. Even individuals with poor (OR=1.464, 95% Cl: 1.106—1.939) or intermediate
(OR=1.229, 95% Cl: 1.003-1.505) diet quality but adhering to recommended MVPA had lower odds of dyslipidemia
compared to those with good diet quality but inadequate MVPA (OR=1.510, 95% Cl: 1.252-1.821).

Conclusions Dyslipidemia prevalence was 39.3% in urban adults in Xinjiang, with limited awareness, treat-
ment, and control. Following guideline-recommended MVPA and maintaining good diet quality were protective
against dyslipidemia. Low levels of PA associated with a higher prevalence of dyslipidemia, even in individuals
with good diet quality.
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Background

Cardiovascular disease (CVD), including atherosclerotic
cardiovascular disease (ASCVD), is a major long-term
health concern worldwide and the leading cause of death
in both urban and rural populations in China [1]. Dyslipi-
demia, the abnormal levels of fats in the blood, ranks as
the second most significant risk factor for cardiovascu-
lar disease due to its growing prevalence [2, 3]. Manag-
ing dyslipidemia strategically is crucial in reducing the
impact of CVD on health and mortality [4].

Differences in wealth, location, and lifestyle contrib-
ute to a nearly six-fold difference in the burden of CVD
among Chinese provinces, and Xinjiang faces a par-
ticularly serious challenge [5]. The diverse mix of eth-
nic groups in Xinjiang has shaped the region’s complex
diet, which includes high levels of fat, carbohydrates, and
meat. This unhealthy eating pattern has led to a continu-
ous increase in cardiovascular diseases due to an imbal-
ance in energy metabolism in the region [6-8]. Results
from a 2018 prospective cohort study in Xinjiang high-
light that dyslipidemia is the most common chronic dis-
ease in the area, with a prevalence rate of 34.55% [9].

The increasing prevalence of dyslipidemia is due to
the rapid economic development, changing dietary hab-
its, and sedentary lifestyles [10]. Maintaining a healthy
diet and engaging in physical activity (PA) are crucial
for preventing and addressing this issue [11]. Research
emphasizes the importance of a balanced and diverse
diet in reducing the risk of CVD and dyslipidemia [12].
Conversely, unhealthy dietary patterns and a lack of die-
tary diversity increase susceptibility to diseases [13, 14].
Guidelines recommend moderate-to-vigorous physical
activity (MVPA) as a beneficial factor in lowering the
potential risk of chronic diseases [15]. PA helps reduce
plasma triglyceride levels, alleviate dyslipidemia, and
enhance CVD prognosis [16]. While individual studies
have explored the links between PA, diet quality, and dys-
lipidemia [17-19], there’s a gap in understanding poten-
tial synergies between PA and diet quality in influencing
dyslipidemia.

This investigation aims to examine the prevalence,
awareness, treatment rates, control measures, and deter-
minants of dyslipidemia in the urban adult population
of Xinjiang. Going beyond traditional factors, we are
exploring the interaction between PA and diet quality.
We hypothesize that better diet quality combined with
recommended MVPA may synergistically reduce the risk
of dyslipidemia.

Study population

This cross-sectional study, conducted from July 2019 to
September 2021, provides reliable insights into the preva-
lence and factors influencing dyslipidemia among urban
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adults in Xinjiang. A two-stage random sampling method
was used. In the first stage, a systematic sampling method
was used to select two fixed communities in Urumgqi in
the north of Xinjiang and Korla in the south of Xinji-
ang. These communities were part of the Xinjiang CVD
natural population cohort study. In the second stage, the
sample size for each community was determined pro-
portionally to its resident population, and eligible par-
ticipants were selected using a cluster sampling method
for questionnaire surveys, physical examinations, and
blood sample tests. The response rate for valid question-
naires reached 95%. To be included, participants had to
have resided in Xinjiang for at least 5 years. Those lack-
ing anthropometric and biochemical data were excluded
from subsequent analyses to ensure data complete-
ness. Prior to enrollment, written informed consent was
obtained from each participant in the study.

Data collection and measurement
Baseline information was meticulously collected using
a standardized and structured questionnaire, respon-
sible by trained investigators. Prior to the main survey,
the questionnaire underwent validation to ensure its
accuracy and effectiveness. The detailed questionnaire
covered demographic details (e.g., residence, ethnic,
income, sex, education level, and age), personal lifestyle
factors (e.g., smoking, PA, dietary habits), self-reported
chronic diseases, and medication usage. The Interna-
tional Physical Activity Questionnaire (IPAQ) was used
to investigate PA, including frequency and duration (days
per week, duration per time), intensity of PA (vigorous,
moderate intensity, and walking), and total time. The
semi-quantitative food frequency questionnaire (FFQ)
was used to investigate the frequency of food intake in
the past year (every day, 5-6 days per week, 3—4 days per
week, 1-2 days per week, less than 3 times per month,
never/rarely eat) and fill in the difference questionnaire.
To ensure objectivity and minimize biases, the amount
of food consumed per instance was estimated using the
Food Atlas of Retrospective Dietary Survey from the
School of Public Health at Nanjing Medical University.
Blood pressure, weight, and height were carefully
recorded, and venous blood was samples were obtained
from each fasting participant. The subsequent analysis of
these samples took place at the clinical laboratory of the
First Affiliated Hospital of Xinjiang Medical University,
utilizing a Roche cobas311 automatic biochemical detec-
tor. Various biochemical markers in plasma, including
Low-density lipoprotein cholesterol (LDL-C), total cho-
lesterol (TC), high-density lipoprotein cholesterol (HDL-
C), fasting blood glucose (FBG), and triglycerides (TG),
were thoroughly examined to provide a comprehensive
biochemical profile.
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Definition of variables

Following Chinese guidelines for lipid manage-
ment (2023) [20], high-TC, high-TG, and high-LDL-
C can be defined as serum TC level >6.2 mmol/L,
serum TG level>2.3 mmol/L, and serum LDL-C
level>4.1 mmol/L, respectively, all of them can be
defined when having lipid-lowering treatments.
and low HDL-C was identified as serum HDL-C
level <1.0 mmol/L. Dyslipidemia is recognized when
at least one of these abnormal lipid concentrations
is present, or if a healthcare professional has diag-
nosed dyslipidemia. Borderline high lipid levels fall
within specific thresholds: serum TC level between
5.2 and 6.2 mmol/L, serum TG level between 1.7 and
2.3 mmol/L, and serum LDL-C level between 3.4 and
4.1 mmol/L. Dyslipidemia recognition involves the
disclosure of a previous diagnosis by a healthcare pro-
fessional. Management includes using medications to
lower blood lipid levels, and controlled dyslipidemia
is achieved when participants attain TC levels below
6.2 mmol/L, TG levels below 2.3 mmol/L, or LDL-C
levels below 4.1 mmol/L.

The Body Mass Index (BMI) is calculated by divid-
ing body weight (kg) by the square of height (m?).
Overweight and obesity are identified at BMI thresh-
olds of>24 kg/m? and>28 kg/m? respectively [21].
Diabetes is established with an FBG>7.0 mmol/L
or a self-reported history of diabetes [22]. Hyper-
tension is determined by systolic blood pressure
(SBP)>140 mmHg and/or diastolic blood pressure
(DBP) >90 mmHg, or a hypertension self-reported his-
tory [23]. Age categories include 30-39, 40-49, 50-59,
and 60 years and above. Smoking is identified in par-
ticipants who report tobacco use. Education is divided
into two levels: below college and college and above.
Household income is divided into two groups: < 150,000
and >150,000. Ethnicity divided into two groups: Han
and other (other refer to Uygur, Kazak, Hui, Mongolian,
Tatar, and other ethnic minorities).

PA categorization follows established guidelines
[15]: vigorous-intensity PA for 75 min/week, moder-
ate intensity PA for 150 min/week, or an equivalent
combination with MVPA. Diet quality is evaluated
based on weekly grains>5 days, weekly nuts >5 days,
weekly fruit>5 days, weekly seafood>1 day, weekly
milk>3 days, weekly eggs>3 days, weekly red
meat < 3 days, and weekly preserved food < 3 days. Each
item is scored 1 or 0 based on meeting specified condi-
tions. The total score, weighted by diet numbers, seg-
ments participants into three diet quality groups: poor
(<£3), intermediate (4—6), and good (> 6) [24].
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Statistical analysis

Characteristics of study participants were examined
based on whether they had dyslipidemia. Continu-
ous variables with a normal distribution are expressed
as means +standard deviations (SDs), while those
with skewed distributions are presented as medians
(interquartile ranges, IQR). Categorical variables are
described as counts and percentages. To compare nor-
mally distributed variables, we used the independent-
sample Student t-test, and for variables with highly
skewed distributions, the Mann—Whitney U test was
applied. The x” test was employed to compare categori-
cal variables.

Logistic regression models were used to identify fac-
tors associated with dyslipidemia. Variables that showed
statistical significance in the univariate regression analy-
sis were included in the multivariate analysis. These vari-
ables included sex, age, education, overweight or obesity,
diabetes, hypertension, smoking, physical activity, and
diet quality. The model was adjusted to minimize the
impact of confounding factors. Additionally, we explored
the joint association by categorizing the sample into six
groups based on MVPA and diet quality, using guideline-
recommended MVPA and good diet quality as reference
benchmarks. Statistical analyses were conducted using
the Social Sciences SPSS complex sampling function
(SPSS, Chicago, Illinois, USA). The predetermined level
of statistical significance was set at P<0.05.

Results

Characteristics of participants

Twelve thousand five hundred thirty-three individu-
als were invited to participate in the study. After
excluding 607 participants due to missing blood or
anthropometric data and 71 individuals younger than
30 years, a total of 11,855 participants (mean age
47.05+9.38 years; 53.1% men) were included in the
final analysis (as shown in Fig. 1). The demographic and
clinical characteristics of participants, categorized by
dyslipidemia status, are detailed in Table 1. Compared
to those with normal lipid levels, individuals with dys-
lipidemia were more likely to be male, older, have lower
educational levels, and a higher prevalence of smok-
ing. They also had a higher occurrence of overweight or
obesity, hypertension, and diabetes, along with elevated
levels of blood pressure, BMI, and fasting blood glucose
(P<0.001). However, there was no significant differ-
ence in income and ethnicity between the two groups
(P>0.05). Notably, overweight or obesity, hyperten-
sion, and diabetes were prevalent in 58.5%, 31.4%, and
8.1% of participants, respectively. Only 20.6% engaged
in  guideline-recommended  moderate-to-vigorous
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12 533 participants at the baseline
recruitment of study
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Excluded 71 participants younger than 30

12 462 Participants older than 30 years of
age

years of age

Excluded 607 participants with missing data
¢ Missing data on high and weight (n=282)

11 855 Participants with complete data on
blood sample or anthropometrics data
Included in the main analysis

Fig. 1 Flowchartillustrating participant enrollment

physical activity (MVPA). Regarding diet quality, 19.1%,
54.6%, and 26.3% of participants fell into the categories
of poor, intermediate, and good diet quality, respec-
tively. Additionally, noticeable differences in MVPA lev-
els and diet quality were observed between participants
with and without dyslipidemia, with lower MVPA iden-
tified in patients with dyslipidemia. The frequency of
consumption of each food category was also compared
between the two groups (refer to additional Table 1).

The overall mean values for TC, LDL-C, and
HDL-C were 4.84 mmol/L, 3.22 mmol/L, and
1.26 mmol/L, respectively, while the median TG level
was 1.35 mmol/L. Men exhibited higher mean val-
ues of TC, LDL-C, and median TG but lower HDL-C
than their female counterparts. The mean TC values
demonstrated an increasing trend with age, while the
means of LDL-C and the median TG increased with age
until participants reached their 60 s before experienc-
ing a decline. Conversely, HDL-C exhibited a gradual
decrease after participants reached their 50 s. Individu-
als with lower educational levels, hypertension, diabe-
tes, overweight or obesity, a smoking habit, low MVPA
engagement, and poor diet quality were predisposed to
higher TC, TG, and LDL-C, and lower HDL-C, in com-
parison to their counterparts (all P<0.05, refer to Addi-
tional Table 2 and Additional Fig. 1).

» o Missing data on blood pressure (n=6)
o Missing data on blood lipids (n=192)
¢ Missing data on blood glucose (n=127)

Prevalence of dyslipidemia
The overall prevalence of dyslipidemia was 39.3%, with
distinct rates for high TC, TG, LDL-C, and low HDL-C
at 9.8%, 19.6%, 14.9%, and 17.5%, respectively. There
was a noticeable difference between males and females,
with a higher prevalence in males (52.6% vs. 24.3%,
P<0.001). Dyslipidemia prevalence increased with age,
reaching the highest at 47.7% in the>60 age group.
High TC and LDL-C followed a similar trend, peaking at
18.4% and 22.3%, respectively. The highest prevalence of
high TG was observed in the 50-59 age group at 23.3%
(P<0.001), while no age-based variation was noted for
low HDL-C (P>0.05). Participants with overweight or
obesity, diabetes, hypertension, and a history of smok-
ing had higher dyslipidemia prevalence and elevated
lipid levels (P<0.001). Engaging in guideline-recom-
mended MVPA was associated with lower dyslipidemia
prevalence (34.7% vs. 40.5%, P<0.001). Dyslipidemia
prevalence also varied with diet quality, with rates of
47.5%, 38.6%, and 35.0% for poor, intermediate, and
good diet quality, respectively (P<0.001, refer to Addi-
tional Table 3).

Exploring the prevalence of high and borderline high
lipid subtypes across sexes revealed that 24.4%, 15.9%,
and 25.6% of all participants had borderline high TC,
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Table 1 Characteristics of participants according to the presence of dyslipidemia
Variables Total (n=11,855) Normal (n=7194) Dyslipidemia (n=4661) P value
Demographic variables
Male, n (%) 6299 (53.1) 2986 (41.5) 3313 (71.1) <0.001
Age (years) 47.05+9.38 46.03+9.34 48.63+9.22 <0.001
30-39,n (%) 2938 (24.8) 2045 (284) 893 (19.2)
40-49, n (%) 4208 (35.5) 2655 (36.9) 1553 (33.3)
50-59, n (%) 3715 (31.3) 1974 (274) 1741 (37.4)
>60, n (%) 994 (8.4) 520(7.2) 474(10.2)
Ethnicity, n (%) 0.821
Han 10,084 (85.1) 6115 (85.0) 3969 (85.2)
Other 1771 (14.9) 1079 (15.0) 692 (14.8)
college and above, n (%) 9685 (81.7) 5986 (83.2) 3699 (79.4) <0.001
Household income(yuan/year), n (%) 0.325
< 150,000 6369 (53.7) 3891 (54.1) 2478 (53.2)
> 150,000 5486 (46.3) 3303 (45.9) 2183 (46.8)
Chronic disease
Hypertension, n (%) 3718 (314) 1753 (24.4) 1965 (42.2) <0.001
Diabetes, n (%) 958 (8.1) 368 (5.1) 590 (12.7) <0.001
Overweight/obesity, n (%) 6938 (58.5) 3427 (47.6) 3511(75.3) <0.001
Physical and clinical index
SBP (mmHg) 125.99+17.60 123.00+16.91 130.60+17.66 <0.001
DBP (mmHg) 79.73+£12.19 7758+11.62 83.04+£12.30 <0.001
BMI (kg/mz) 2494+357 2406+337 2630344 <0.001
FBG (mmol/L) 532+142 513+1.11 562+175 <0.001
TC (mmol/L) 4.84+0.99 459+0.73 523+1.19 <0.001
TG (mmol/L) 1.35(0.93~201) 1.07 (0.80~ 1.45) 2.21(1.48~2.99) <0.001
LDL-C (mmol/L) 3.22+081 2.98+0.60 3.61+£094 <0.001
HDL-C (mmol/L) 1.26+0.30 1.35+0.26 1.12+0.29 <0.001
Lifestyle
Smoking, n (%) 2862 (24.1) 1203 (16.7) 1659 (35.6) <0.001
MVPA (min/week) 86.24+21548 93.03+£223.07 75.04+202.80 <0.001
Physical activity, n (%)
Not recommended 9408 (79.4) 5597 (77.8) 3811 (81.8)
Recommended 2447 (20.6) 1597 (22.2) 850 (18.2)
Diet score 463+1.33 4.72+1.30 449+1.36 <0.001
Diet quality, n (%) <0.001
Poor 2259 (19.1) 1187 (16.5) 1072 (23.0)
Intermediate 6478 (54.6) 3980 (55.3) 2498 (53.6)
Good 3118 (26.3) 2027 (28.2) 1091 (23.4)

The data were presented as numbers (percentages), means = SD, or median (interquartile), as appropriate. Group differences were assessed using the X? test for
categorical variables, while continuous variables were analyzed using t-tests and Mann-Whitney U tests

SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, FBG fasting blood glucose, TC total cholesterol, TG triglyceride, LDL-C low-density

lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, MVPA moderate-to-vigorous physical activity

Physical activity: recommended was defined as vigorous intensity PA performed for 75 min/week, moderate intensity PA performed for 150 min/week, or an
equivalent combination with MVPA. Diet quality: poor < 3, intermediate 4-6, and good > 6
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TG, and LDL-C, respectively. Males exhibited preva-
lence rates of 25.8%, 19.6%, and 28.2% for borderline
high TC, TG, and LDL-C, while females demonstrated
rates of 22.7%, 11.7%, and 22.7% for the corresponding
lipid subtypes (refer to Additional Fig. 2).

Awareness, treatment, and control of dyslipidemia

Among participants with dyslipidemia, the rates of
awareness, treatment, and control of dyslipidemia were
notably modest at 6.9%, 3.1%, and 1.9%, respectively.
Delving into participants with elevated TC concentra-
tions (>6.2 mmol/L) or those reporting the use of cho-
lesterol-lowering medications, merely 14.7% were aware
of their condition, 12.5% underwent treatment, and a
mere 11.1% attained a TC concentration<6.2 mmol/L.
For individuals with elevated TG concentrations
(>2.3 mmol/L) or using cholesterol-lowering medica-
tions, awareness, intervention, and management rates
were 10.2%, 6.3%, and 4.0%, respectively. Participants
with elevated LDL-C concentrations (>4.1 mmol/L) or
using cholesterol-lowering medications exhibited aware-
ness, treatment, and control rates at 11.6%, 8.3%, and
7.2%, respectively (refer to Fig. 2).

Factors associated with dyslipidemia

Multivariable logistic regression reveals that males dem-
onstrate an elevated predisposition to dyslipidemia than

20
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females (OR=2.039, 95% CI: 1.849-2.248). Age stratifica-
tion into four groups shows an increasing risk with age,
particularly in the>60 years category (OR=1.529, 95%
CI: 1.288-1.814). Dyslipidemia is more prevalent among
those who are overweight or obese (OR=2.201, 95% CI:
2.013-2.405), have diabetes (OR=1.643, 95% CI: 1.418-
1.904), and hypertension (OR=1.384, 95% CI: 1.264—
1.515) compared to individuals without these chronic
conditions. Smoking is identified as a significant risk fac-
tor for dyslipidemia (OR=1.511, 95% CI: 1.363-1.675).
Conversely, engaging in guideline-recommended mod-
erate-to-vigorous physical activity (MVPA) (OR=0.774,
95% CI: 0.700-0.855), having an intermediate diet qual-
ity (OR=0.888, 95% CI: 0.799-0.986), and having good
diet quality (OR=0.845, 95% CI: 0.748-0.955) show an
inverse correlation with dyslipidemia (depicted in Fig. 3).

When exploring the potential roles of PA and diet qual-
ity in dyslipidemia, an examination of dietary scores and
MVPA amounts reveals non-linear dose-response pat-
terns in their association with a reduced risk of dyslipi-
demia (refer to Additional Fig. 3).

Joint associations of PA and diet quality with dyslipidemia

The analysis of interaction revealed a noteworthy interac-
tion between PA level and diet quality (P <0.05). By cross-
classifying participants based on recommended MVPA
and diet quality, adjusted regression analysis showed

[
L

Group

. Awareness
. Treatment

Control

Dyslipidemia High-LDLC

High-TC High-TG

Fig. 2 Awareness, treatment, and control rates of dyslipidemia, and lipid subtypes in Xinjiang
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Category Subcategory Adjusted OR (95% CI)
Sex Male 2.039 (1.849-2.248) s e
Age 30-39y 1 i

40-49y 1.184 (1.063-1.320) o

50-59y 1.496 (1.334-1.677) N

>60y 1.529 (1.288-1.814) e
Education college and above 1.064 (0.955-1.185) e
Hypertension Yes 1.384 (1.264-1.515) ¥ e
Diabetes Yes 1.643 (1.418-1.904) B
Overweight/obesity Yes 2.201 (2.013-2.405) i
Smoking Yes 1.511 (1.363-1.675) L
Physical activity Recommended 0.774 (0.700-0.855) i &
Diet quality Poor 1 g

Intermediate 0.888 (0.799-0.986) -

Good 0.845 (0.748-0.955) m

0 1 2 3

Fig. 3 Multivariable logistic regression explored the risk factors of dyslipidemia. The model was adjusted for sex, age, education level, overweight

or obesity, diabetes, hypertension, smoking, physical activity, and diet quality
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Intermediate
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Fig. 4 Joint associations of physical activity and diet quality with dyslipidemia. The multivariable logistic regression model was adjusted for sex, age,
overweight or obesity, diabetes, hypertension, smoking, and education level. The P for interaction is <0.001

that, compared with those who engaged in recommended
MVPA and maintained good diet quality, those who did
not receive MVPA and had poor diet quality were associ-
ated with an increased odds for dyslipidemia (OR=1.692,
95%CIL: 1.398-2.048). In the guideline-recommended
MVPA group, poor diet quality (OR=1.464, 95%CI:
1.106-1.939) and moderate diet quality (OR=1.229,
95%CI: 1.003-1.505) had a lower OR for dyslipidemia
than those who had a good diet but did not engage in
recommended MVPA (OR=1.510, 95% CI: 1.252-1.821)
(see Fig. 4 and Additional Table 4).

Joint associations of PA and age, diet quality, and age

with dyslipidemia

Interactions between physical activity and age, as well
as diet quality and age, were also examined. Participants
were categorized based on their physical activity level
and age, with the reference group being 30-39 years old

individuals engaged in guideline-recommended MVPA.
Adjusted regression analysis revealed that participants
meeting MVPA levels had a lower OR for dyslipidemia
compared to participants in the same age group who
did not meet the recommended physical activity lev-
els (as shown in Additional Table 5). For the interaction
between diet quality and age, when stratified by diet qual-
ity, higher age was associated with a higher prevalence of
dyslipidemia within each diet quality group (as shown in
Additional Table 6).

Discussion

In recent times, the prevalence of dyslipidemia in China
has not only remained high but has also shown a con-
tinuous increase. The 2002 Chinese National Nutrition
and Health Survey reported a dyslipidemia prevalence
of 18.6% among Chinese adults [25]. However, the sub-
sequent national survey in 2018 revealed a substantial
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surge, with the overall prevalence soaring to 35.6% [20].
Understanding the complex epidemiology and identify-
ing influential factors of dyslipidemia is crucial in public
health to tackle the growing burden of CVD. This study
provides an updated assessment of the lipid profile in
Xinjiang. In this cross-sectional study, the prevalence of
dyslipidemia in the population was 39.3%, significantly
higher than reported in Xinjiang and other regions of
China [9, 26-28]. Despite this high prevalence, aware-
ness, treatment, and control rates of dyslipidemia stood
at 6.9%, 3.1%, and 1.9%, respectively. The combination of
rapid economic development, an aging population, and
lifestyle changes are major contributors to the increas-
ing prevalence of dyslipidemia [10]. Moreover, while high
TC, TG, and LDL-C prevalence within the study popula-
tion was reported at 9.8%, 19.6%, and 14.9%, respectively,
borderline high TC, TG, and LDL-C prevalence substan-
tially presented higher, registering at 24.4%, 15.9%, and
25.6%. This emphasizes the need for prompt intervention
and control measures; otherwise, the prevalence of dys-
lipidemia is poised for further escalation in the foresee-
able future.

Our findings reveal a noticeable difference in dyslipi-
demia prevalence between sexes, with males having a
higher incidence compared to females. This observed
gap can be attributed to entrenched unhealthy lifestyle
behaviors more prevalent among males, such as smok-
ing, increased energy intake, and reduced physical activ-
ity levels [29, 30]. Compared with males, females have a
lower prevalence of dyslipidemia, which may be linked to
the protective effect of estrogen in women [31, 32]. Addi-
tionally, there is a significant increase in dyslipidemia
prevalence with advancing age, where age plays an unde-
niable role as an independent risk factor for dyslipidemia.
This age-related rise is partly due to decreased metabo-
lism and physical performance in the elderly, combined
with an increased burden of other health conditions. The
study highlights a higher susceptibility to dyslipidemia
among participants with underlying chronic conditions,
such as overweight or obesity, diabetes, and hyper-
tension, aligning with existing literature [26, 33]. This
emphasizes the need for targeted preventive and control
measures, focusing on intensified efforts among males,
the elderly demographic, and individuals dealing with
chronic non-communicable diseases.

Dyslipidemia, a complex health concern, intricately
links with diet quality and lifestyle practices. A wealth of
studies supports the protective influence of regular PA
and health-conscious dietary habits against the onset of
dyslipidemia [11, 34, 35]. Our empirical findings affirm
this concept, showing that adherence to guideline-rec-
ommended MVPA and adopting a high-quality diet are
inversely linked to the prevalence of dyslipidemia. A
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nuanced exploration into the joint association of recom-
mended MVPA and diet quality reveals that the group
aligning with recommended MVPA and good diet qual-
ity exhibits the most robust protection against dyslipi-
demia among all cohorts. The beneficial effects of PA on
blood lipids unfold across several dimensions. Firstly,
PA elevates the body’s metabolic rate, facilitating the
breakdown of fats and dissipating excess body heat to
prevent its conversion into adipose tissue. Secondly, dur-
ing prolonged low-intensity exercise, fat becomes a cru-
cial energy source through the hydrolysis of TG. Thirdly,
the increase in mitochondrial density facilitated by
physical activity creates an optimal environment for the
[-oxidation of fats [36—38]. It’s noteworthy that there’s a
lack of targeted pharmaceutical interventions for HDL-
C. However, consistent engagement in physical activity,
maintaining an ideal body weight, and quitting smok-
ing emerge as viable approaches to gradually enhance
HDL-C levels [39]. In the aspect of primary prevention,
particularly for low-risk populations, and as a supple-
mentary content to pharmaceutical interventions for
high-risk groups, fostering a health-conscious lifestyle
coupled with regular PA assumes pivotal significance
[40]. It’s essential to highlight that, even in our busy lives
where avoiding fast food is tough, regular physical activ-
ity helps offset the negative impact of fast-food consump-
tion on health, including dyslipidemia.

Strengths and limitations

This cross-sectional study in Xinjiang comprehensively
captures a large and diverse adult population, using
standardized tools and rigorous data collection methods.
However, there are some limitations to consider: Firstly,
being a cross-sectional study, it only reveals correla-
tions, and causation cannot be established. Secondly, the
impact of additional factors like sedentary behavior and
alcohol consumption on dyslipidemia was not explored.
Thirdly, self-reported data on smoking, physical activ-
ity, and dietary habits may be prone to recall bias. Lastly,
diabetes was defined based on fasting plasma glucose
without additional glucose tolerance testing, potentially
leading to variations in diabetes prevalence.

Conclusions

A rising occurrence of dyslipidemia in Xinjiang’s adult
population is coupled with notably low rates of aware-
ness, treatment, and control. Swift intervention strate-
gies are essential, especially targeting high-risk groups
like the elderly, individuals with chronic diseases, and
those embracing unhealthy lifestyles. Effective educa-
tional campaigns and intensified management protocols
play a crucial role. Additionally, the study highlights
the protective effects of maintaining a good diet and
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following recommended physical activity guidelines in
reducing the risk of dyslipidemia. Conversely, insuffi-
cient physical activity appears linked to a higher dys-
lipidemia prevalence, even among individuals with a
healthy diet. Hence, promoting health-focused life-
styles is of utmost importance, complementing clinical
approaches to curb dyslipidemia. This comprehensive
strategy integrates preventive healthcare with clinical
methods for a more impactful prevention and reduc-
tion of dyslipidemia.
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