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Abstract
Background: The decline in sleep efficiency (SE) among middle-aged and el-
derly individuals may affect their blood lipid metabolism, necessitating further
in-depth analysis. Objective: To analyze the association between SE and differ-
ent blood lipid indicators in a population aged 40-65 years, explore the mediat-
ing role of central obesity in the relationship between SE and blood lipids, and
provide a reference basis for investigating the pathways through which SE leads
to dyslipidemia and for the prevention and treatment of dyslipidemia. Meth-
ods: From March to November 2022, face-to-face surveys were conducted on
subjects who met the inclusion and exclusion criteria at the Physical Examina-
tion Center of Fuquan First People’s Hospital, comprising three components:
questionnaire survey, physical examination, and laboratory indicator testing. A
directed acyclic graph (DAG) was used to identify the minimum set of control
variables required for adjusting the association between SE and dyslipidemia:
age, sex, smoking, alcohol consumption, family income, physical activity, and
education level. Unconditional binary Logistic regression analysis was employed
to explore the association between SE and different dyslipidemia indicators. Re-
sults: This study ultimately included 1,095 participants, grouped according to
the presence or absence of dyslipidemia. Statistically significant differences were
observed between the two groups in terms of sex, smoking, alcohol consumption,
physical activity, waist circumference, hip circumference, and waist-to-hip ratio
(WHR) (P<0.05). After adjusting for control variables, compared with high SE,
individuals with low SE had an increased risk of hypertriglyceridemia (OR=1.35,
95%CI=1.03~1.77), while no association was found between SE and other blood
lipid indicators. Mediation effect analysis revealed that WHR played a partial
mediating role in the association between SE and hypertriglyceridemia (𝛽=0.019,
95%CI=0.005~0.034), with the mediating effect accounting for 32.76% of the to-
tal effect. WHR exhibited a masking effect in the association between SE and
low HDL cholesterolemia. Conclusion: WHR may be an important pathway in
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the association between low SE and hypertriglyceridemia.
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Abstract

Background: Lipid metabolism in middle-aged and older adults may be influ-
enced by decreased sleep efficiency (SE), but their association requires further
in-depth analysis. Objective: To analyze the association between sleep ef-
ficiency (SE) and different lipid indices in individuals aged 40–65 years, and
to explore the mediating role of central obesity in the association between SE
and lipid profiles, thereby providing a reference for understanding the pathways
through which SE contributes to dyslipidemia and for its prevention and treat-
ment. Methods: From March to November 2022, a face-to-face investigation
was conducted at the physical examination center of Fuquan First People’s Hos-
pital. Unconditional binary logistic regression was used to analyze the associa-
tion between SE and different lipid indicators, and a mediation model was used
to analyze the mediating effect of waist-hip ratio (WHR). Results: A total of
1,095 subjects were included in this study and divided into two groups according
to the presence or absence of dyslipidemia. There were statistically significant
differences between the two groups in gender, smoking, drinking, exercise, waist
circumference, hip circumference, and waist-hip ratio (P<0.05). After adjusting
for control variables, the low SE group showed an increased risk of hypertriglyc-
eridemia compared with the high SE group (OR=1.35, 95%CI=1.03–1.77). No
statistically significant association was found between SE and other lipid indi-
cators. Mediation analysis showed that WHR had a partial mediating effect in
the association between SE and hypertriglyceridemia (𝛽=0.019, 95%CI=0.005–
0.034), accounting for 32.76% of the total effect. WHR exhibited a masking ef-
fect on the association between SE and low HDL cholesterolemia. Conclusion:
Central obesity may be an important pathway in the association between low
SE and hypertriglyceridemia.
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Introduction

Dyslipidemia is a major cause of cardiovascular disease [1], and its prevalence
among adults in China has remained high in recent years [2-3]. Therefore, pre-
vention of dyslipidemia should be prioritized. Sleep problems represent one in-
fluential factor, with previous studies demonstrating associations between sleep
efficiency (SE) and high-density lipoprotein cholesterol (HDL) [4] and triglyc-
erides (TG) [5-6] in adolescents, though no association between SE and TG was
found in older adults [7].

Low SE is a common sleep problem among middle-aged and older adults, yet
research on its association with blood lipids remains limited. The underlying
mechanisms are also unclear. WU et al. found that individuals with low SE had
a 2.85-fold increased probability of obesity compared with those with normal
SE [8], and dyslipidemia rates are higher in obese patients than in non-obese
individuals [9]. Central obesity demonstrates a stronger correlation with the
overall metabolic effects of insulin resistance than general obesity [10], suggest-
ing that central obesity may mediate the relationship between SE and lipid
indicators. Meta-analysis results show that SE decreases with age, particularly
after 40 years [11]. While most existing research on sleep and dyslipidemia has
focused on sleep duration, studies specifically examining SE remain relatively
scarce. SE, calculated as the ratio of total sleep time to time in bed, accurately
reflects effective sleep duration. Research indicates that individuals with low SE
typically experience sleep fragmentation—intermittent, disrupted sleep patterns
—and SE thus indirectly captures sleep interruption [12]. Therefore, this study
analyzes the association between SE and different lipid indicators among 40–
65-year-olds and explores the mediating role of obesity in the SE-lipid relation-
ship to provide a reference for elucidating the mechanisms through which SE
contributes to dyslipidemia.

Methods

Study Population This study utilized baseline survey data from a prospec-
tive cohort study on sleep patterns and their association with arteriosclerosis
among middle-aged and elderly populations in Guizhou Province. The research
protocol was approved by the Guizhou Medical University Human Research
Ethics Committee [Approval No. 2021(174)]. Participants included individuals
aged 40–65 years undergoing routine physical examinations at the Fuquan First
People’s Hospital Physical Examination Center, with lipid testing as part of
their examination panel. Detailed inclusion and exclusion criteria have been
described previously [13]. From March to November 2022, a total of 1,104 in-
dividuals were surveyed. Nine participants were excluded: two had incomplete
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examination data (missing lipid profiles), two worked night shifts with atypical
sleep schedules, and five had fasting durations shorter than 8 hours. The final
study sample comprised 1,095 participants.

Data Collection and Measures The investigation consisted of three com-
ponents: questionnaire survey, physical examination, and laboratory testing.
(1) A self-designed questionnaire administered through face-to-face interviews
collected general demographic and socioeconomic information, health-related
behaviors (smoking, alcohol consumption), and sleep patterns. (2) Waist cir-
cumference (WC, measured at the midpoint between the upper border of the
iliac crest and the lower border of the rib arch at the midaxillary line) and hip
circumference (HC, measured at the maximum gluteal protuberance) were mea-
sured using tape measures with precision to 0.1 cm, and waist-hip ratio (WHR)
was calculated. (3) Total cholesterol (TC), triglycerides (TG), HDL cholesterol
(HDL-C), and low-density lipoprotein cholesterol (LDL-C) were measured using
a Beckman AU5800 automatic biochemical analyzer. (4) Definitions of relevant
indicators are provided in Table 1 .

Quality Control The research team developed a comprehensive survey man-
ual and conducted unified training for all investigators before the formal sur-
vey, including a pilot study. To ensure data reliability and completeness, ques-
tionnaires were cross-checked on the day of collection, and participants were
contacted promptly to address any missing, erroneous, or illogical information.
Data were double-entered using EpiData 3.1 software.

Statistical Analysis Statistical analyses were performed using R version
4.3.1. Normally distributed continuous variables were expressed as mean ±
standard deviation and compared between groups using t-tests. Non-normally
distributed continuous variables were presented as median (P25, P75) and com-
pared using Wilcoxon rank-sum tests. Categorical data were expressed as fre-
quencies and percentages, with between-group comparisons conducted using
chi-square tests.

A directed acyclic graph (DAG) identified the minimum set of control variables
required for analyzing the association between SE and dyslipidemia: age, gender,
smoking, alcohol consumption, household income, physical activity, and educa-
tion level. Unconditional binary logistic regression was employed to examine the
association between SE and various dyslipidemia indicators. Mediation analysis
was conducted using the simple mediation model (Process function, model 4)
from the “bruceR”package in R. The coefficient product method was used for
testing, with bootstrap estimation of the 95% confidence interval for the indirect
effect (ab). A 95%CI that did not include zero indicated a significant mediating
effect, and the proportion mediated (ratio of indirect effect to total effect) was
calculated [21].
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Results

Basic Characteristics of Study Participants A total of 1,095 participants
were included, comprising 609 males (55.6%) and 486 females (44.4%). Based
on dyslipidemia status, 604 participants (55.2%) were classified into the dys-
lipidemia group and 491 (44.8%) into the normal lipid group. Statistically sig-
nificant differences between the two groups were observed for gender, smoking,
alcohol consumption, physical activity, waist circumference, hip circumference,
and waist-hip ratio (P<0.05). No significant differences were found for age, ed-
ucation level, household income, or SE (P>0.05). Detailed characteristics are
presented in Table 2 .

Association Between SE and Dyslipidemia Indicators Unconditional bi-
nary logistic regression analysis was performed with dyslipidemia, hypertriglyc-
eridemia, low HDL cholesterolemia, high LDL cholesterolemia, and high TC
cholesterolemia as dependent variables and SE as the independent variable. Vari-
able assignments are shown in Table 3 . In the unadjusted model, SE was not
associated with overall dyslipidemia (P>0.05) but was associated with hyper-
triglyceridemia (P<0.05). After adjusting for control variables, SE remained
significantly associated only with hypertriglyceridemia (P<0.05). Compared
with the high SE group, individuals with low SE had an increased risk of hy-
pertriglyceridemia (OR=1.35, 95%CI=1.03–1.77). No statistically significant
associations were found between SE and other lipid indicators (P>0.05). These
results are illustrated in the forest plot in Figure 1 [Figure 1: see original paper].

Mediation Analysis Results Further analysis examined the role of central
obesity in the association between SE and each dyslipidemia indicator using
bootstrap mediation analysis. The simple mediation model “SE → WHR
→ hypertriglyceridemia”revealed a total effect of SE on TG of 𝛽=0.058
(95%CI=0.002–0.113), a direct effect of 𝛽=0.039 (95%CI=-0.016–0.092), and
an indirect effect of 𝛽=0.019 (95%CI=0.005–0.034). The proportion mediated
was 32.76%, indicating that WHR partially mediated the effect of SE on
hypertriglyceridemia risk (Figure 2B [Figure 2: see original paper]).

The “SE → WHR → HDL”model showed a non-significant total effect of
SE on HDL [𝛽=-0.018 (95%CI=-0.069–0.034)], with a direct effect of 𝛽=-0.034
(95%CI=-0.084–0.017) and an indirect effect of 𝛽=0.016 (95%CI=0.004–0.029).
The opposite signs of the direct and indirect effects suggest that WHR may ex-
ert a masking (suppressing) effect on the association between SE and low HDL
cholesterolemia (Figure 2C [Figure 2: see original paper]). WHR did not demon-
strate a statistically significant mediating effect in the associations between SE
and overall dyslipidemia, high TC cholesterolemia, or high LDL cholesterolemia
(Figure 2A, 2D, 2E [Figure 2: see original paper]).
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Discussion

This study found a negative association between SE and hypertriglyceridemia
among 40–65-year-olds, consistent with previous research findings [22]. Studies
have demonstrated that SE affects insulin sensitivity [23], and in states of in-
sulin resistance, TG levels increase while HDL levels decrease [24-25]. Previous
research has also found that high TC and high LDL are not associated with
insulin resistance [26-27], which may partially explain why this study did not
detect associations between SE and TC or LDL. Another reason for the lack of
observed associations between SE and lipid indicators other than TG may be
the higher prevalence of hypertriglyceridemia compared with other dyslipidemia
types in our study population; future studies with larger sample sizes are needed
to investigate these relationships.

This study found that WHR partially mediates the association between SE and
hypertriglyceridemia. Low SE may alter hypothalamic-pituitary-adrenal axis
function, leading to increased cortisol levels [28]. Cortisol plays an important
role in adipocyte formation and, in addition to affecting fat deposition, can re-
distribute adipose tissue to the abdominal region [29], thereby causing central
obesity. Central obesity may influence hypertriglyceridemia through increased
lipolytic activity in visceral adipocytes, elevated insulin and pro-inflammatory
cytokine levels, and increased sympathetic nervous system activity [30], as well
as through increased release of inflammatory cytokines [interleukin-6 (IL-6) and
tumor necrosis factor-𝛼 (TNF-𝛼)] that stimulate lipid release and affect blood
lipid levels. Therefore, central obesity may be a key factor in preventing and
controlling hypertriglyceridemia among individuals with low SE, and control-
ling central obesity may help reduce hypertriglyceridemia risk in this popula-
tion. The mediation proportion of 32.76% suggests that additional mediating
pathways likely exist between SE and hypertriglyceridemia.

This study also found that WHR may have a masking effect on the association
between SE and HDL abnormalities. Specifically, while no direct association
was observed between SE and HDL, when WHR was included as a mediator,
SE showed an indirect effect on HDL abnormalities, with direct and indirect ef-
fects having opposite signs. This phenomenon may occur because low SE alters
hypothalamic-pituitary-adrenal axis function, affecting fat deposition and redis-
tributing adipose tissue to the abdominal region [29], thereby causing central
obesity. Central obesity is more closely associated with the overall metabolic
effects of insulin resistance [10], which can alter lipoprotein quantity and compo-
sition, leading to abnormal lipid levels and affecting HDL metabolism [9]. This
study did not directly detect an association between SE and HDL but found that
low SE can affect HDL through the central obesity pathway. Previous studies
have found that sleep deprivation may increase caloric intake and weight gain
by mediating fluctuations in appetite-regulating neuropeptides (e.g., leptin and
ghrelin) [31], and that sleep deprivation causes fatigue, leading to reduced phys-
ical activity and potential weight gain [32]. These physiological disturbances
may result in elevated TC and TG levels, thereby increasing dyslipidemia risk.

chinarxiv.org/items/chinaxiv-202502.00069 Machine Translation

https://chinarxiv.org/items/chinaxiv-202502.00069


Compared with insufficient sleep duration, low SE provides a more precise mea-
sure of sleep deficiency arising from internal cognitive or biobehavioral processes,
whereas sleep duration may be constrained by daily schedules and does not
necessarily reflect endogenous sleep deficiency [33]. Therefore, SE should be
emphasized as a sleep metric with potential predictive value for cardiovascu-
lar outcomes. The lack of statistically significant association between SE and
HDL in this study may be due to insufficient sample size. However, the find-
ings suggest that SE can affect HDL through mediating pathways, and ignoring
these pathways might overlook the impact of low SE on HDL indicators and the
importance of controlling WHR as a potential strategy for reducing low HDL
cholesterolemia. Future research on SE and lipid indicators should expand sam-
ple sizes and examine the influence of mediating pathways.

In summary, WHR may represent an important pathway in the association be-
tween low SE and hypertriglyceridemia. However, this study has limitations:
it is a cross-sectional study that provides exploratory findings on the associa-
tion between SE and dyslipidemia and its mechanistic pathways, which require
verification through prospective cohort studies.
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