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Introduction: Obstructive sleep apnea (OSA) is a global public health issue. Life’s 
Crucial 9 (LC9) is recognized as a powerful tool for assessing cardiovascular 
health. Although the etiology of OSA remains unclear, saturated fatty acids 
(SFAs) and cardiovascular health are increasingly regarded as a non-negligible 
element. This study aims to assess the association between dietary intake of 
SFAs and the risk of OSA, and the mediating effect of LC9.

Methods: Based on the National Health and Nutrition Examination Survey 
(NHANES), dietary questionnaires of participant were collected, and the average 
values of 24-h dietary recall data over 2 days were obtained. A continuous cross-
sectional analysis with dietary energy adjustment was employed. Weighted 
multivariable logistic regression models were used to estimate the weighted 
odds ratios (ORs) and their 95% confidence intervals (CIs) for SFAs and OSA. 
Evaluate the mediating role of LC9 in the relationship between SFAs and OSA.

Results: A total of 13,563 participants aged 20 years and above were included 
in this study. The intakes of Sfa 4.0 and LC9 among participants with OSA were 
significantly lower than those in the normal population. After adjusting for 
confounding factors, total SFAs could increase the risk of OSA [Model 1, Q3, 
0.03, 1.49 (1.03, 2.15); Model 2, Q3, 0.04, 1.47 (1.01, 2.13)]. It was emphasized 
that dietary intake of Sfa 12.0, Sfa 14.0, and Sfa 16.0 were protective factors 
for OSA, especially among participants aged 45–64 years and white individuals. 
Moreover, Sfa 12.0 exhibited a better protective effect in female participants [Q3, 
0.04, 0.66 (0.45, 0.99)]. In addition, the cardiovascular health score - LC9 had 
a mediating effect in Sfa4.0 on OSA [Proportion of mediation: −0.035, 95% CI: 
(−0.058, −0.01); p= 0.002]. There was a nonlinear relationship between dietary 
intake of Sfa 12.0, Sfa 16.0, and Sfa 18.0 and OSA (P-Nonlinear = 0.013).

Discussion: These findings suggest that dietary mixtures of saturated fatty acids 
increase the risk of OSA. Among them, SFA 4:0 can increase the risk of OSA 
through the level of cardiovascular health. However, contrary to traditional 
beliefs, long-chain saturated fatty acids can reduce the risk of OSA.
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1 Introduction

Obstructive sleep apnea (OSA) is a common sleep disorder 
syndrome caused by upper airway obstruction during sleep in which 
patients repeatedly experience pauses in breathing or decreased 
airflow (1). OSA is associated with a variety of pathophysiological 
changes, such as sympathetic nervous system activation, decreased 
oxygen saturation in the blood, sleep arousal, and intermittent hypoxia 
(2). The severity of OSA is assessed using the apnea-hypopnea index 
(AHI), which is the number of episodes of apnea and hypopnea per 
hour of sleep (or recorded in a one-hour home test), with a higher 
AHI indicating a more severe form of OSA (3). Epidemiological 
studies have shown that 425 million adults (30–69 years old) 
worldwide suffer from OSA [1]. The prevalence of OSA is higher in 
patients with cardiovascular diseases: arrhythmia (50–20%), heart 
failure (55–12%), hypertension (83% mild, 30% moderate to severe), 
stroke (75–57%), and coronary heart disease (65–38%) (4). 
Furthermore, the prevalence of OSA is higher in the hypertension 
cohort, with a higher prevalence among patients with resistant 
hypertension (5). The etiology of OSA is unclear due to complex 
environmental factors and is becoming a public health 
problem worldwide.

Chronic intermittent hypoxia is a critical pathophysiological 
mechanism in obstructive sleep apnea (OSA), and it is associated with 
a range of pathological functional disorders (6). These include 
sympathetic nervous system activation, systemic inflammatory 
responses, and dyslipidemia, with the latter’s pathogenesis being 
closely linked to both cardiovascular disease and OSA (7). 
Dyslipidemia is characterized by abnormal levels of total cholesterol, 
triglycerides, low-density lipoprotein (LDL) cholesterol, and high-
density lipoprotein (HDL) cholesterol, all of which are considered 
significant risk factors for vascular diseases (8, 9). Research has 
demonstrated that OSA is associated with impaired lipid metabolism 
(10). Furthermore, poor sleep quality is often accompanied by poor 
diet quality, and these dietary factors interact with sleep patterns to 
influence the risk of cardiovascular disease (CVD) (11). The 
cholesterol/saturated fat index (CSI) is strongly correlated with OSA, 
with lower CSI levels indicating reduced levels of cholesterol and 
saturated fatty acids (7). Saturated fatty acids (SFAs), which lack 
unsaturated double bonds, are a crucial component of lipids (12). 
Common sources of SFAs include coconut oil, rice bran oil, red meat, 
high-fat dairy products, and human breast milk. SFAs can 
be categorized into short-chain fatty acids (SCFAs) with fewer than 6 
carbon atoms (e.g., SFA 4:0), medium-chain fatty acids (MCFAs) with 
6–12 carbon atoms (e.g., SFA 6:0, SFA 8:0, SFA 10:0, SFA 12:0), and 
long-chain fatty acids (LCFAs) with 12 or more carbon atoms (e.g., 
SFA 14:0, SFA 16:0, SFA 18:0). Epidemiological studies have shown 
that increased daily intake of SFAs is associated with reduced sleep 
duration (13) and greater severity of OSA in overweight individuals 
(14). Animal studies have observed that mice on a high-fat diet 
exhibit an increased frequency of rapid eye movement (REM) sleep 
episodes during the dark phase and a decreased number of 
awakenings (15).

Higher concentrations of acetate, butyrate and propionate were 
associated with lower sleep efficiency and longer sleep latency, 
suggesting that short-chain fatty acids may influence sleep continuity 
(16). Caprylic acid, in particular, may affect sleep indirectly by 
influencing metabolic pathways (energy supply and gut microbiota) 

(17). Therefore, we hypothesized that dietary SFAs may increase the 
risk of developing OSA. And we  further explored the effects of 
multiple subtypes on OSA.

A substantial body of research supports the link between irregular 
sleep patterns and cardiovascular disease (CVD) (18) The prevailing 
view posits that poor sleep quality is a risk factor for cardiovascular 
disease, leading researchers to investigate poor sleep states as a 
potential cause. However, the Turkish Collaboration of Sleep Apnea 
Cardiovascular Trialists (TURCOSACT) has highlighted that the 
relationship between OSA and traditionally recognized cardiovascular 
diseases is bidirectional (19). The American Heart Association’s Life’s 
Essential 8 (LE8) cardiovascular scoring system, designed to assess 
participants’ cardiovascular health at the time of the survey and 
calculate the LE8 score for each indicator, has been previously 
published (20). Chinese scholars have since updated the LE8 scoring 
system, proposing the Life’s Crucial 9 (LC9) cardiovascular health 
scoring system, which underscores the importance of mental health 
in preventing CVD (21). LC9 offers a more comprehensive evaluation 
of cardiovascular health (21). Patients with cardiovascular disease may 
also experience OSA, and effectively treating cardiovascular disease 
can potentially improve obstructive sleep apnea (19). For instance, the 
prevalence of OSA is notably higher in the CVD population, and CVD 
itself may contribute to the onset or exacerbation of OSA (19). 
Additionally, research has identified elevated systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) as independent risk factors 
for OSA (22). Consequently, we hypothesize that poor cardiovascular 
health may serve as a risk factor for OSA. The 2013 report by the 
American Heart Association and the American College of Cardiology 
(AHA/ACC) on lifestyle management guidelines for reducing 
cardiovascular risk provides robust evidence that reducing saturated 
fatty acid (SFA) intake (to 5–6% of total calories) can lower LDL 
cholesterol (23). Extensive research supports the association between 
SFA intake and an increased risk of cardiovascular disease (24, 25). 
Prior studies have also identified age, gender, and race as established 
risk factors for OSA (26, 27), with significant variations in disease 
prevalence across different subgroups. In conclusion, dietary intake of 
SFAs may increase the risk of OSA, potentially mediated by its impact 
on cardiovascular health.

2 Materials and methods

2.1 Study populations

The National Health and Nutrition Examination Survey 
(NHANES) is an ongoing survey conducted by the National Center 
for Health Statistics (NCHS), a division of the Centers for Disease 
Control and Prevention (CDC). The primary objective of NHANES is 
to assess the health and nutritional status of the United  States 
population. The survey employs a complex multistage probabilistic 
cluster sampling design, with approximately 5,000 participants each 
year. Data collected encompass demographic information, 
anthropometric measurements, laboratory test results, and dietary 
data. Prior to participation, all subjects provide written informed 
consent for the use of their data in health-related statistical research. 
Comprehensive program details, data collection protocols, and 
available datasets are publicly accessible at http://www.cdc.gov/nchs/
nhanes.html. This study analyzed NHANES survey cycles from 2005 
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to 2008 and 2015 to 2018, focusing on subjects aged 20 years and older 
with complete data. A total of 13,563 subjects were included in the 
analysis, representing the general population of 15,519,308 individuals 
in the United States. As shown in Figure 1.

2.2 Assessment of nutrients

Dietary sources of energy, total saturated fatty acids (SFA), and 
their subtypes (SFA 4:0, SFA 6:0, SFA 8:0, SFA 10:0, SFA 12:0, SFA 
14:0, SFA 16:0, and SFA 18:0) were obtained through two 24-h recall 
interviews. The selection and calculation of nutrient types were 
based on the NHANES support materials available at the following 
URL: https://wwwn.cdc.gov/Nchs/Nhanes/2017-2018/DSQTOT_J.
htm. The measurement guide (28) provided detailed information 
about the instrument used to measure the dietary intake of 
respondents. Dietary nutrient intakes were calculated using the 
Food and Nutrient Database for Dietary Studies 5.0 (FNDDS 5.0) 
standard of the United States Department of Agriculture (29, 30). 
This approach ensures that the dietary intake data collected from 
the respondents are accurately analyzed and provide valuable 
insights into the sources of energy and saturated fatty acids in 
their diets.

2.3 Assessment of OSA (outcome)

Obstructive Sleep Apnea (OSA) Symptoms: OSA is diagnosed 
based on responses to three dichotomous questions. These 
questions include: (1) Snoring three or more nights per week; (2) 
Snorting, gasping, or stopping breathing three or more nights per 
week; and (3) Experiencing excessive daytime sleepiness 16–30 
times per month, despite sleeping seven or more hours per night 
on weekdays or work nights (31). Individuals are classified as 
positive for OSA if they answer “yes” to at least one of these 
three questions.

2.4 Measurement of cardiovascular health 
score

In previous studies, the AHA proposed the LE8 score to assess 
cardiovascular health status (20). The LE8 score consists of four health 
behaviors (diet, physical activity, nicotine exposure, and sleep 
duration) and four health factors (body mass index, non-high-density 
lipoprotein cholesterol, blood glucose, and blood pressure). It has been 
reported that considering mental health factors is the best and most 
equitable basis for achieving CVH (32). Among mental health factors, 

FIGURE 1

Flow chart of the screening process for the selection of the study population.
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depression has received significant attention (32). Depression is an 
independent non-traditional risk factor for cardiovascular disease 
(CVD) (33). In NHANES, a higher PHQ-9 score indicates a higher 
level of current depressive symptoms. Depression scores were 
designated as 100, 75, 50, 25, and 0, corresponding to PHQ-9 scores 
of 0–4, 5–9, 10–14, 15–19, and 20–27 (34). The LC9 score was 
calculated as the average of the eight indicators in the LE8 score and 
the depression score (34). Before this, the AHA only proposed the 
concept of constructing the LC9 scoring system but did not officially 
release the composition and calculation method of the LC9 indicators 
(32). The latest research has proposed the construction process and 
calculation method of the LC9 scoring system (21) and verified the 
association between LC9 and cardiovascular mortality and all-cause 
mortality, which makes the cardiovascular health risk scoring system 
more complete and provides a direction for future research (21).

2.5 Defining covariates

Covariates were defined as patient age, sex, ethnicity/race, marital 
status, family income-to-poverty ratio, education status, BMI, 
smoking status, and alcohol consumption status. Race was classified 
as: White, Black, Mexican, and Other. Education status was described 
as: Less than 11th grade, High school graduate, College graduate or 
above. Family income-to-poverty ratio was categorized into four 
groups based on a scale from 1.3 to >5: 1.3, 1.3–3, 3–5, and >5. A 
higher ratio indicated a higher income status. Marital status was 
classified as: Married, Divorced, and Unmarried. Alcohol consumption 
frequency and the sex of the consumer were recorded, and alcohol 
consumption was defined as: Never, Former, Mild, Moderate, and 
Heavy. Smoking status was categorized as: Currently smoking, 
formerly smoking, or Never smoking. Never smokers were defined as 
those who had smoked fewer than 100 cigarettes in their lifetime, 
former smokers as those who had smoked more than 100 cigarettes 
but were no longer smoking, and current smokers as those who had 
smoked more than 100 cigarettes consistently or inconsistently. BMI 
was defined as: <25 kg/m2, 25–30 kg/m2, and >30 kg/m2.

2.6 Statistical analysis

We employed the NHANES criteria for statistical analysis 
(oversampling, stratification, and clustering) to ensure that the 
appropriate number of U.S. adults to use in this study. In addition, 
we  evaluated the required statistical tests for weight adjustment. 
Categorical variables were assessed via chi-squared test.

Nutrient intake was corrected using the residual method. Nutrient 
intakes were grouped into quartiles. The lowest quartile (Q1) was 
defined as the reference group in each model. We employed logistic 
regression models to assess relationships between SFAs and their 
subtypes (Sfas 4:0, Sfas 6:0, Sfas 8:0, Sfas 10:0, Sfas 12:0, Sfas 14:0, Sfas 
16:0, and Sfas 18:0) intake with OSA. The acquired data are presented 
as weighted odds ratios (OR) with corresponding 95% confidence 
intervals (CI) (OR [95% CI]). Stratified analyses were conducted for 
sex, age, ethnicity, using weighted multivariate logistic regression. 
Three models were developed:(1) Crude model, unadjusted model; (2) 
Model 1, a model adjusted for age, sex, and race or ethnicity;(3) Model 
2, a model adjusted for age, sex, race or ethnicity, education level, 

marital status, LC9, Smoking consumption status, Alcohol 
consumption status, BMI and Ratio of family income to poverty levels. 
We generated restricted cubic spline (RCS) plots to display patterns in 
variables of significance in logistic regression. Using the RCS plots, 
we determined the presence or absence of a nonlinear association 
between the mentioned exposure factors and OSA. The potential 
mediating role of LC9 in the association between SFAs and OSA risk 
was estimated using a parallel mediation model implemented in the 
R package “mediation.” Mediation analyses were conducted using a 
quasi-Bayesian Monte Carlo approach with 1,000 simulations based 
on normal approximation. The direct effect (DE) indicates the impact 
of SFAs exposure on OSA in the absence of a mediator, while the 
indirect effect (IE) reflects the influence of LC9 exposure on OSA 
through mediators. The proportion of mediation was calculated as the 
ratio of IE to the total effect (TE). R 4.2.2 (R Project for Statistical 
Computing) were used to conduct the analyses. Significance was set 
at two-sided p < 0.05.

3 Results

3.1 Characteristics of the study population

This study included 13,563 participants (9,470 non-OSA 
participants and 4,093 OSA participants), and their demographic 
characteristics are presented in Table 1. Compared with non-OSA 
participants, OSA participants had lower intakes of SFA 4.0 and SFA 
8.0, with means of 0.52 (0.01) and 0.25 (0.00), respectively. OSA 
participants had a higher intake of SFA 18.0, 6.59 (0.04), compared to 
non-OSA participants, 6.48 (0.04). Additionally, OSA participants had 
lower LC9 scores, 65.29 (0.42), compared with non-OSA participants. 
Statistical analysis revealed significant differences in demographic 
characteristics between non-OSA and OSA participants, including 
age, sex, marital status, smoking status, alcohol consumption status, 
and BMI (p-value <0.001). However, no significant differences were 
found between the two groups in terms of ethnicity/race, family 
income-to-poverty ratio, and education level (p > 0.05).

3.2 Univariate logistic regression results 
(SFAs and OSA; SFAs and LC9; SFAs and 
LC9)

In the weighted univariate logistic regression, after adjusting for 
potential confounding factors, SFAs were significantly associated with 
OSA. We reported the statistically significant quantile levels, p-values 
and OR (95% CI) of the association between SFAs and OSA. Compared 
with Q1, Total sfat [Q4, 0.003, 0.80 (0.69, 0.92)], Sfa 4.0 [Q3, 0.024, 
0.86 (0.76, 0.98); Q4, 0.02, 0.86 (0.77, 0.98)], Sfa 6.0 [Q3, 0.044, 0.871 
(0.76, 0.99)], Sfa 8.0 [Q4, 0.021, 0.84 (0.73, 0.97)], Sfa 10.0 [Q4, 0.027, 
0.86 (0.76, 0.98)], Sfa 12.0 [Q2, 0.049, 0.87 (0.75, 1.00); Q3, 0.006, 0.81 
(0.70, 0.94); Q4, 0.004, 0.81 (0.71, 0.93)], Sfa 14.0 [Q2, 0.042, 0.87 
(0.75, 0.99); Q4, <0.001, 0.78 (0.69, 0.89)], Sfa 16.0 [Q2, 0.002, 0.80 
(0.70, 0.91); Q3, 0.011, 0.81 (0.70, 0.95); Q4, 0.008, 0.83 (0.73, 0.95)], 
Sfa 18.0 [Q2, 0.053, 0.87 (0.75, 1.00); Q4, 0.01, 0.82 (0.71, 0.95)]. As 
shown in Table 2.

In the weighted univariate logistic regression, after adjusting for 
potential confounding factors, SFAs and LC9 were significantly correlated. 
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TABLE 1 Characteristics of participants with and without OSA.

Parameter No. of participants [Weighted %; mean (SE)]

All participants (N = 13, 
563)

Non-OSA (N = 9, 470) OSA (N = 4, 
093)

P-valuea

Total sfat 26.27 (0.11) 26.21 (0.12) 26.39 (0.17) 0.38

Sfa 4.0 0.53 (0.01) 0.54 (0.01) 0.52 (0.01) 0.01

Sfa 6.0 0.31 (0.00) 0.31 (0.00) 0.30 (0.01) 0.06

Sfa 8.0 0.26 (0.00) 0.26 (0.00) 0.25 (0.00) 0.02

Sfa 10.0 0.49 (0.00) 0.49 (0.00) 0.48 (0.01) 0.08

Sfa 12.0 0.84 (0.01) 0.86 (0.01) 0.82 (0.02) 0.17

Sfa 14.0 2.23 (0.02) 2.25 (0.02) 2.20 (0.03) 0.13

Sfa 16.0 14.19 (0.05) 14.14 (0.06) 14.31 (0.09) 0.11

Sfa 18.0 6.52 (0.03) 6.48 (0.04) 6.59 (0.04) 0.04

Life’s Crucial 9 (LC9) 69.60 (0.34) 71.50 (0.34) 65.29 (0.42) < 0.001

Age < 0.001

20–44 5,505 (44.54) 4,008 (46.58) 1,497 (39.89)

45–64 4,753 (37.09) 3,065 (34.77) 1,688 (42.36)

> = 65 3,305 (18.38) 2,397 (18.65) 908 (17.76)

Sex < 0.001

Female 6,896 (51.75) 5,022 (54.62) 1874 (45.20)

Male 6,667 (48.25) 4,448 (45.38) 2,219 (54.80)

Ethnic/race 0.66

White people 6,140 (71.02) 4,255 (70.74) 1885 (71.67)

Black people 2,894 (10.33) 2032 (10.38) 862 (10.23)

Mexican people 2,140 (7.38) 1,524 (7.54) 616 (7.01)

Other 2,389 (11.26) 1,659 (11.34) 730 (11.08)

Marital < 0.001

Married 8,374 (65.62) 5,659 (63.62) 2,715 (70.19)

Never married 2,982 (18.15) 2,132 (18.40) 850 (17.56)

Separated 2,207 (16.23) 1,679 (17.98) 528 (12.25)

Ratio of family income to poverty levels 0.58

<1.3 3,707 (17.65) 2,603 (17.70) 1,104 (17.53)

1.3–3 4,575 (29.18) 3,156 (28.69) 1,419 (30.30)

3–5 2,717 (25.13) 1900 (25.45) 817 (24.42)

≥5 2,564 (28.03) 1811 (28.16) 753 (27.75)

Education levels 0.19

Less than 11th grade 3,034 (13.48) 2,145 (13.44) 889 (13.57)

High school graduate 6,446 (54.97) 4,562 (55.59) 1884 (53.58)

College graduate or above 4,083 (31.55) 2,763 (30.98) 1,320 (32.86)

Smoking consumption status < 0.001

Former 3,468 (25.93) 2,321 (24.93) 1,147 (28.21)

Never 7,364 (54.51) 5,389 (57.16) 1975 (48.46)

Now 2,731 (19.57) 1760 (17.91) 971 (23.34)

Alcohol consumption status < 0.001

Former 2,142 (12.56) 1,476 (11.87) 666 (14.14)

Heavy 2,589 (20.33) 1756 (19.61) 833 (21.97)

(Continued)
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We reported the statistically significant quantile levels, Estimate, p-value 
and OR (95% CI) of the association between SFAs and LC9. Compared 
with Q1, Total sfat [Q2, −1, 0.003, −1 (−1.62, −0.37); Q3, −2.59, <0.001, 
−2.59 (−3.25, −1.93); Q4, −3.44, <0.001, −3.44 (−4.11, −2.77)], Sfa 4.0 
[Q4, −1.98, <0.001, −1.98 (−2.65, −1.30)], Sfa 6.0 [Q4, −1.2, 0.002, −1.2 
(−1.93, −0.46)], Sfa 8.0 [Q4, −1.2, <0.001, −1.2 (−1.86, −0.55)], Sfa 10.0 
[Q4, −1.21, <0.001, −1.21 (−1.89, −0.52)], Sfa 12.0 [Q4, −1.07, 0.003, 
−1.07 (−1.75, −0.39)], Sfa 14.0 [Q3, −1.3, <0.001, −1.3 (−1.91, −0.68); 
Q4, −2.39, <0.001, −2.39 (−3.11, −1.67)], Sfa 16.0 [Q2, −1.05, 0.003, 
−1.05 (−1.72, −0.37); Q3, −2.42, <0.001, −2.42 (−3.15, −1.69); Q4, −3.2, 
<0.001, −3.2 (−3.86, −2.54)], Sfa 18.0 [Q2, −1.97, <0.001, −1.97 (−2.61, 
−1.33); Q3, −3.28, <0.001, −3.28 (−3.92, −2.64); Q4, −4.43, <0.001, 
−4.43 (−5.05, −3.81)]. As shown in Table 3.

In the weighted univariate logistic regression, after adjusting for 
potential confounding factors, SFAs and OSA were significantly 
correlated. The estimate was −0.021, the p < 0.001, and the OR (95% 
CI) was 0.98 (0.97, 0.99). As shown in Table 4.

3.3 Multivariate logistic regression results 
of SFAs and OSA

In the weighted multivariable logistic regression, after adjusting 
for potential confounding factors, SFAs were significantly associated 
with OSA. We report the quantile levels at which SFAs and OSA were 
statistically associated, along with the p-values and OR (95% CI). 
Compared with Q1, Total sfat [Model 1, Q3, 0.03, 1.49 (1.03, 2.15); 
Model 2, Q3, 0.04, 1.47 (1.01, 2.13)], Sfa 12.0 [Model 1, Q2, 0.02, 0.81 
(0.68, 0.97), Q3, 0.004, 0.72 (0.58, 0.89), Q4 0.03, 0.75 (0.58, 0.97); 
Model 2, Q3, 0.02, 0.77 (0.62, 0.96); Model 3, Q4, 0.04, 0.77 (0.60, 
0.98)], Sfa 14.0 [Model 1, Q4, 0.04, 0.71 (0.52, 0.99); Model 2, Q4, 0.03, 
0.69 (0.50, 0.96); Model 3, Q4, 0.03, 0.66 (0.46, 0.95)], Sfa 16.0 [Model 
1, Q2, 0.01, 0.80 (0.67, 0.95), Q3, 0.02, 0.74 (0.59, 0.94); Model 2, Q2, 
0.03, 0.82 (0.69, 0.98), Q3, 0.02, 0.75 (0.59, 0.95); Model 3, Q2, 0.02, 
0.81 (0.68, 0.97), Q3, 0.05, 0.77 (0.59, 1.00)]. As shown in Table 5.

3.4 RCS analysis

The RCS analysis disclosed that Sfa 12.0, Sfa 16.0, and Sfa 18.0 
exhibited a nonlinear relationship with OSA (P-Nonlinear = 0.013). 
The dietary intake of Sfa 12.0, Sfa 16.0, and Sfa 18.0 was associated 
with a “U”-shaped risk of OSA. As shown in Figure 2.

3.5 Multivariate logistic regression in 
dietary SFAs with OSA in different 
subgroups

Subgroup analyses revealed that no significant interaction was 
found between SFAs and OSA. Among participants aged 45–64, Total 
sfat [Q3, 0.05, 2.02 (1.01, 4.11)]; Sfa 14.0 [Q2, 0.05, 0.67 (0.45, 1.00), 
Q3, 0.05, 0.62 (0.38, 1.00), Q4, 0.01, 0.48 (0.27, 0.84)); Sfa 16.0 (Q3, 
0.02, 0.55 (0.33, 0.91), Q4, 0.04, 0.56 (0.33, 0.96)]. Among those aged 
≥65, Sfa 6.0 [Q2, 0.02, 0.53 (0.31, 0.91), Q3, 0.03, 0.44 (0.21, 0.92), Q4, 
0.03, 0.42 (0.20, 0.91)]; Sfa 18.0 [Q4, 0.04, 0.57 (0.33, 0.98)]. As 
presented in Table 6. Among female participants, Sfa 12.0 [Q3, 0.04, 
0.66 (0.45, 0.99)]. As shown in Table  7. Among white people 
participants, Sfa 12.0 [Q3, 0.02, 0.66 (0.48, 0.91)], Sfa 14.0 [Q4, 0.01, 
0.53 (0.34, 0.84)], Sfa 16.0 [Q2, 0.05, 0.78 (0.61, 1.00); Q3, 0.02, 0.66 
(0.47, 0.94)]. Among Mexican people participants, Sfa 4.0 [Q2, 0.04, 
0.53 (0.29, 0.95)]. Among Black people participants, Total sfat [Q4, 
0.04, 2.55 (1.07, 6.11)], Sfa 18.0 [Q3, 0.04, 0.74 (0.56, 0.99)]. As shown 
in Table 8.

3.6 Mediation analysis

LC9 exerts a mediating role in the correlation between Sfa4.0 and 
the risk of OSA. Proportion of mediation: −0.035; 95% CI: (−0.058, 
−0.01); p-value = 0.002. As depicted in Figure 3.

4 Discussion

This study explored the association between the intake of 
saturated fatty acids (SFAs) and obstructive sleep apnea (OSA) among 
13,563 adults in NHANES from 2005 to 2008 and 2015 to 2018. 
We  offer two findings based on the general population of the 
United States. Firstly, total sfat increased the risk of OSA, emphasizing 
that the dietary intake of Sfa 12.0, Sfa 14.0, and Sfa 16.0 were protective 
factors for OSA, particularly among participants aged 45–64 and 
white people. Moreover, Sfa 12.0, Sfa 16.0, and Sfa 18.0 presented a 
nonlinear relationship with OSA. Secondly, Sfa 12.0 demonstrated 
superior protective effects in female participants. Additionally, LC9 
had a mediating effect on Sfa 4.0 in relation to OSA.

Epidemiological studies have pointed out that dietary intake of 
SFAs is negatively associated with total sleep duration, resulting in a 

TABLE 1 (Continued)

Parameter No. of participants [Weighted %; mean (SE)]

All participants (N = 13, 
563)

Non-OSA (N = 9, 470) OSA (N = 4, 
093)

P-valuea

Mild 4,800 (38.65) 3,292 (38.55) 1,508 (38.88)

Moderate 2,201 (18.23) 1,527 (18.36) 674 (17.94)

Never 1831 (10.22) 1,419 (11.60) 412 (7.07)

BMI < 0.001

<25, kg/m2 3,708 (29.12) 3,035 (34.55) 673 (16.74)

25–30, kg/m2 4,496 (32.23) 3,222 (32.99) 1,274 (30.48)

≥30, kg/m2 5,359 (38.65) 3,213 (32.46) 2,146 (52.78)

aT-test for continuous variables and Rao-Scott χ2 test for categorical variables.
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decrease in the duration of nocturnal slow-wave sleep and an increase 
in the number of awakenings (35, 36). In a prospective study, an 
association between SFAs and OSA was demonstrated in stroke 
patients (37). A higher intake of SFAs can raise the risk of OSA (38), 
while a lower intake of SFAs can alleviate daytime sleepiness in OSA 
patients (39). In animal studies, a high-fat diet can influence the 
expression of clock genes in the central and peripheral nervous 
systems, disrupting the circadian rhythm (40, 41). The above research 

results suggest that an increase in dietary fat and SFAs intake has an 
unfavorable impact on sleep status, manifested as a reduction in sleep 
time, a decline in sleep quality, and an increase in the risk of OSA. Our 
research results indicate that dietary intake of SFAs can enhance the 
risk of OSA.

Our research results indicate that Sfa 12.0, Sfa 14.0, and Sfa 16.0 
are protective factors for OSA, particularly among participants aged 
45–64 and white people. The most prevalent saturated fatty acids in 

TABLE 2 Univariate logistic regression results of saturated fatty acids and OSA.

Parameter Estimate P-value OR (95% CI)

Total sfat [−17.16, 21.15] ref ref ref

(21.15, 25.31] −0.22 0.007 0.81 (0.69, 0.94)

(25.31, 29.66] −0.11 0.206 0.90 (0.76, 1.06)

(29.66, 75.86] −0.23 0.003 0.80 (0.69, 0.92)

Sfa 4.0 [−0.92, 0.28] ref ref ref

(0.28, 0.45] −0.1 0.159 0.90 (0.78, 1.04)

(0.45, 0.66] −0.15 0.024 0.86 (0.76, 0.98)

(0.66, 4.18] −0.15 0.02 0.86 (0.77, 0.98)

Sfa 6.0 [−0.49, 0.16] ref ref ref

(0.16, 0.26] −0.11 0.145 0.90 (0.77, 1.04)

(0.26, 0.38] −0.14 0.044 0.871 (0.76, 0.99)

(0.38, 2.45] −0.13 0.058 0.875 (0.76, 1.01)

Sfa 8.0 [−0.35, 0.14] ref ref ref

(0.14, 0.21] −0.06 0.449 0.95 (0.82, 1.10)

(0.21, 0.31] −0.12 0.119 0.89 (0.76, 1.03)

(0.31, 3.62] −0.17 0.021 0.84 (0.73, 0.97)

Sfa 10.0 [−0.65, 0.27] ref ref ref

(0.27, 0.41] −0.08 0.201 0.92 (0.81, 1.05)

(0.41, 0.59] −0.12 0.105 0.88 (0.76, 1.03)

(0.59, 3.28] −0.15 0.027 0.86 (0.76, 0.98)

Sfa 12.0 [−1.03, 0.37] ref ref ref

(0.37, 0.59] −0.14 0.049 0.87 (0.75, 1.00)

(0.59, 0.89] −0.21 0.006 0.81 (0.70, 0.94)

(0.89, 22.92] −0.21 0.004 0.81 (0.71, 0.93)

Sfa 14.0 [−2.36, 1.42] ref ref ref

(1.42, 1.99] −0.14 0.042 0.87 (0.75, 0.99)

(1.99, 2.65] −0.15 0.059 0.86 (0.74, 1.01)

(2.65, 12.57] −0.25 <0.001 0.78 (0.69, 0.89)

[−8.32, 11.83] ref ref ref

Sfa 16.0 (11.83, 13.88] −0.23 0.002 0.80 (0.70, 0.91)

(13.88, 16.02] −0.21 0.011 0.81 (0.70, 0.95)

(16.02, 41.30] −0.18 0.008 0.83 (0.73, 0.95)

Sfa 18.0 [−4.20, 5.27] ref ref ref

(5.27, 6.35] −0.14 0.053 0.87 (0.75, 1.00)

(6.35, 7.50] −0.15 0.075 0.87 (0.74, 1.02)

(7.50, 19.08] −0.2 0.01 0.82 (0.71, 0.95)

Model Adjusted for sex, age, ethnic/race, marital, family income-to-poverty ratio, Education levels, LC9, BMI, alcohol consumption status, and smoking consumption status.
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the American diet are Sfa 12.0, Sfa 14.0, Sfa 16.0, and Sfa 18.0, and 
their typical food sources have numerous overlaps. For instance, the 
dietary sources of Sfa 14.0 include palm kernel oil, coconut oil, and 
butter, while those of Sfa 16.0 include palm kernel oil, milk fat, meat, 
cocoa butter, soybean oil, and sunflower oil. Sfa 14.0 and Sfa 16.0 have 
comparable effects on LDL and HDL cholesterol, but have a negligible 
overall impact on the total cholesterol:HDL cholesterol ratio (42). 
Compared to other SFAs, Sfa 18.0 can reduce plasma LDL cholesterol 

TABLE 3 Multivariate logistic regression results of SFAs and LC9.

Parameter Estimate P-value OR (95% CI)

Total sfat [−17.16, 21.15] Ref Ref Ref

(21.15, 25.31] −1 0.003 −1 (−1.62, −0.37)

(25.31, 29.66] −2.59 <0.001 −2.59 (−3.25, −1.93)

(29.66, 75.86] −3.44 <0.001 −3.44 (−4.11, −2.77)

Sfa 4.0 [−0.92, 0.28] ref ref ref

(0.28, 0.45] −0.02 0.94 −0.02 (−0.71, 0.66)

(0.45, 0.66] −0.49 0.24 −0.49 (−1.33, 0.35)

(0.66, 4.18] −1.98 <0.001 −1.98 (−2.65, −1.30)

Sfa 6.0 [−0.49, 0.16] ref ref ref

(0.16, 0.26] 0.35 0.34 0.35 (−0.38, 1.07)

(0.26, 0.38] 0.08 0.8 0.08 (−0.59, 0.76)

(0.38, 2.45] −1.2 0.002 −1.2 (−1.93, −0.46)

Sfa 8.0 [−0.35, 0.14] ref ref ref

(0.14, 0.21] 0 0.99 0 (−0.67, 0.66)

(0.21, 0.31] −0.51 0.13 −0.51 (−1.18, 0.16)

(0.31, 3.62] −1.2 <0.001 −1.2 (−1.86, −0.55)

Sfa 10.0 [−0.65, 0.27] ref ref ref

(0.27, 0.41] −0.19 0.53 −0.19 (−0.80, 0.42)

(0.41, 0.59] −0.35 0.29 −0.35 (−1.01, 0.31)

(0.59, 3.28] −1.21 <0.001 −1.21 (−1.89, −0.52)

Sfa 12.0 [−1.03, 0.37] ref ref ref

(0.37, 0.59] −0.08 0.85 −0.08 (−0.87, 0.72)

(0.59, 0.89] −0.55 0.08 −0.55 (−1.16, 0.06)

(0.89, 22.92] −1.07 0.003 −1.07 (−1.75, −0.39)

Sfa 14.0 [−2.36, 1.42] ref ref ref

(1.42, 1.99] −0.52 0.15 −0.52 (−1.24, 0.20)

(1.99, 2.65] −1.3 <0.001 −1.3 (−1.91, −0.68)

(2.65, 12.57] −2.39 <0.001 −2.39 (−3.11, −1.67)

Sfa 16.0 [−8.32, 11.83] ref ref ref

(11.83, 13.88] −1.05 0.003 −1.05 (−1.72, −0.37)

(13.88, 16.02] −2.42 <0.001 −2.42 (−3.15, −1.69)

(16.02, 41.30] −3.2 <0.001 −3.2 (−3.86, −2.54)

Sfa 18.0 [−4.20, 5.27] ref ref ref

(5.27, 6.35] −1.97 <0.001 −1.97 (−2.61, −1.33)

(6.35, 7.50] −3.28 <0.001 −3.28 (−3.92, −2.64)

(7.50, 19.08] −4.43 <0.001 −4.43 (−5.05, −3.81)

Model Adjusted for sex, age, ethnic/race, marital, family income-to-poverty ratio, education levels, BMI, alcohol consumption status, and smoking consumption status.

TABLE 4 Multivariate logistic regression results of LC9 and OSA.

Parameter Estimate P-value OR (95% 
CI)

LC9 −0.021 <0.001
0.98 (0.97, 

0.99)

Model Adjusted for sex, age, ethnic/race, marital, family income-to-poverty ratio, education 
levels, BMI, alcohol consumption status, and smoking consumption status.
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levels and has no influence on HDL cholesterol (43, 44). Hence, even 
though Sfa 18.0 is a type of SFA, it seemingly does not have an adverse 
effect on CVD risk, possibly because it is partially desaturated to 
oleate during the metabolic process (43, 45). This study investigated 
the association between OSA and lipid concentrations in the 
European Sleep Apnea Database (ESADA) cohort, noting that OSA 
patients have a higher prevalence of dyslipidemia. The lipid profile 

disorder mainly manifests as a reduction in HDL-C and varying 
degrees of elevated LDL-C (46). The severity of OSA is positively 
correlated with a decrease in serum HDL-C levels (47). Another study 
mentioned that 5-HT2A receptor antagonists can improve sleep 
maintenance and sleep efficiency without causing motor coordination 
disorders. Molecular docking studies discovered that Sfa 14.0 may 
form favorable interactions with the 5-HT2A receptor and the 

TABLE 5 Multivariate logistic regression results of saturated fatty acids and OSA.

Parameter Model 1 Model 2 Model 3

P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI)

Total sfat

[−17.16, 21.15] ref ref ref ref ref ref

(21.15, 25.31] 0.56 1.07 (0.84, 1.37) 0.72 1.04 (0.81, 1.34) 0.59 1.07 (0.82, 1.39)

(25.31, 29.66] 0.03 1.49 (1.03, 2.15) 0.04 1.47 (1.01, 2.13) 0.12 1.37 (0.90, 2.08)

(29.66, 75.86] 0.2 1.38 (0.84, 2.26) 0.21 1.37 (0.83, 2.26) 0.43 1.24 (0.70, 2.19)

Sfa 4.0

[−0.92, 0.28] ref ref ref ref ref ref

(0.28, 0.45] 0.42 0.92 (0.75, 1.13) 0.75 0.97 (0.79, 1.19) 0.76 0.97 (0.78, 1.21)

(0.45, 0.66] 0.34 0.89 (0.69, 1.14) 0.56 0.93 (0.72, 1.20) 0.71 0.95 (0.70, 1.28)

(0.66, 4.18] 0.44 0.89 (0.66, 1.20) 0.66 0.94 (0.69, 1.27) 0.98 1.00 (0.71, 1.41)

Sfa 6.0

[−0.49, 0.16] ref ref ref ref ref ref

(0.16, 0.26] 0.48 0.92 (0.72, 1.17) 0.52 0.93 (0.73, 1.18) 0.77 0.97 (0.75, 1.24)

(0.26, 0.38] 0.71 0.95 (0.71, 1.26) 0.71 0.95 (0.72, 1.26) 0.97 1.00 (0.73, 1.36)

(0.38, 2.45] 0.69 1.07 (0.75, 1.54) 0.75 1.06 (0.74, 1.50) 0.61 1.10 (0.75, 1.61)

Sfa 8.0

[−0.35, 0.14] ref ref ref ref ref ref

(0.14, 0.21] 0.66 1.06 (0.81, 1.39) 0.68 1.06 (0.80, 1.39) 0.49 1.10 (0.82, 1.49)

(0.21, 0.31] 0.69 0.93 (0.65, 1.33) 0.75 0.95 (0.66, 1.35) 0.85 1.03 (0.71, 1.52)

(0.31, 3.62] 0.55 0.87 (0.55, 1.38) 0.67 0.91 (0.58, 1.43) 0.82 0.95 (0.58, 1.55)

Sfa 10.0

[−0.65, 0.27] ref ref ref ref ref ref

(0.27, 0.41] 0.26 1.17 (0.88, 1.56) 0.25 1.18 (0.89, 1.56) 0.44 1.12 (0.82, 1.54)

(0.41, 0.59] 0.19 1.30 (0.88, 1.92) 0.21 1.28 (0.87, 1.91) 0.29 1.24 (0.81, 1.90)

(0.59, 3.28] 0.15 1.41 (0.88, 2.24) 0.18 1.38 (0.86, 2.23) 0.2 1.38 (0.82, 2.31)

Sfa 12.0

[−1.03, 0.37] ref ref ref ref ref ref

(0.37, 0.59] 0.02 0.81 (0.68, 0.97) 0.07 0.85 (0.71, 1.01) 0.09 0.85 (0.70, 1.03)

(0.59, 0.89] 0.004 0.72 (0.58, 0.89) 0.02 0.77 (0.62, 0.96) 0.04 0.77 (0.60, 0.98)

(0.89, 22.92] 0.03 0.75 (0.58, 0.97) 0.08 0.80 (0.61, 1.03) 0.11 0.81 (0.61, 1.06)

Sfa 14.0

[−2.36, 1.42] ref ref ref ref ref ref

(1.42, 1.99] 0.38 0.91 (0.73, 1.13) 0.33 0.90 (0.72, 1.12) 0.24 0.86 (0.67, 1.12)

(1.99, 2.65] 0.31 0.86 (0.64, 1.16) 0.29 0.85 (0.63, 1.15) 0.16 0.80 (0.58, 1.11)

(2.65, 12.57] 0.04 0.71 (0.52, 0.99) 0.03 0.69 (0.50, 0.96) 0.03 0.66 (0.46, 0.95)

Sfa 16.0

[−8.32, 11.83] ref ref ref ref ref ref

(11.83, 13.88] 0.01 0.80 (0.67, 0.95) 0.03 0.82 (0.69, 0.98) 0.02 0.81 (0.68, 0.97)

(13.88, 16.02] 0.02 0.74 (0.59, 0.94) 0.02 0.75 (0.59, 0.95) 0.05 0.77 (0.59, 1.00)

(16.02, 41.30] 0.45 0.89 (0.65, 1.21) 0.48 0.90 (0.66, 1.23) 0.45 0.88 (0.61, 1.26)

Sfa 18.0

[−4.20, 5.27] ref ref ref ref ref ref

(5.27, 6.35] 0.6 1.04 (0.88, 1.23) 0.34 1.09 (0.91, 1.30) 0.63 0.96 (0.80, 1.15)

(6.35, 7.50] 0.46 1.07 (0.89, 1.28) 0.35 1.09 (0.90, 1.32) 0.49 0.93 (0.75, 1.16)

(7.50, 19.08] 0.45 1.10 (0.85, 1.43) 0.58 1.08 (0.82, 1.42) 0.34 0.87 (0.64, 1.18)

Model 1, No adjustment for any potential influence factors. Model 2, Adjusted for Sex, Age and Ethnic/race. Model Adjusted for Sex, Age, Ethnic/race, Marital, Family income-to-poverty ratio, 
Education levels, LC9, BMI, alcohol consumption status, and smoking consumption status.
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α1A-adrenergic receptor (48). Sfa 14.0 demonstrates an affinity for the 
5-HT2A receptor and can prolong the sleep time of mice in a dose-
independent manner (48). This might imply that Sfa 14.0 can 
influence sleep through this mechanism. To date, we have not found 
studies that can directly prove that Sfa 12.0 can reduce the risk of 
OSA. However, we have identified several possible reasons. From an 
epidemiological perspective, saturated fatty acids are closely related 
to hypertension (49). Our previous research also indicated that the 
dietary intake of Sfa 12.0 can lower hypertension in women (25). This 
might explain the superior protective effect of Sfa 12.0  in female 
participants. Sleep quality is regulated by blood pressure and heart 
rate (22). In in  vivo studies, Sfa 12.0 (1–10 mg/kg, intravenous 
injection, once) has been reported to reduce blood pressure and heart 
rate in rats (50). In vitro studies have shown that Sfa 12.0 (0.06–
125 μg/mL, 24–72 h) exhibits stronger antibacterial activity in 
P. acnes, S. aureus, and S. epidermidis (51). Although this study did 
not directly link Sfa 12.0 with sleep disorders, considering that sleep 
disorders may be  related to infection and inflammation, the 
antibacterial properties of Sfa 12.0 may have an indirect impact on 
improving the sleep environment (51). Since our research cannot 
provide basic research evidence, cross-sectional epidemiological 

studies can only identify the association between Sfa 12.0 and 
OSA. More basic research is needed to clarify the mechanism of 
action of Sfa 12.0 on OSA. We speculate that Sfa 12.0 may indirectly 
affect sleep by influencing these physiological parameters. Our 
research results show that the mediating effect of LC9 between Sfa 
12.0 and OSA is not statistically significant. This might be due to 
differences in the study population, insufficient sample size, and the 
lack of long-term follow-up.

Our research results indicate a nonlinear “U”-shaped 
relationship between the dietary intakes of Sfa 12.0, Sfa 16.0, and 
Sfa 18.0 and OSA, signifying that the risk of OSA initially 
decreases and then increases with the increase of the dietary 
intakes of Sfa 12.0, Sfa 16.0, and Sfa 18.0. The possible reason is 
that when the dietary intake of SFAs is relatively low, Sfa 12.0, Sfa 
16.0, and Sfa 18.0 can exert protective effects on OSA. For instance, 
Sfa 12.0 has the most significant effect in increasing high-density 
lipoprotein (HDL) cholesterol and can reduce the ratio of total 
cholesterol to HDL cholesterol (52). Sfa 14.0 might extend to Sfa 
16.0, and they can exert similar functions (37). Another study 
discovered that glial mitochondrial β-oxidation is essential for 
sleep, and long-chain saturated fatty acids can rescue sleep 

FIGURE 2

Dose–response relationships between dietary saturated fatty acids and their subtypes and Obstructive sleep apnea (OSA). OR (95% CI) (shaded areas) 
were adjusted for Sex, Age, Ethnic/race, Marital, Family income-to-poverty ratio, Education levels, BMI, alcohol consumption status, LC9 and smoking 
consumption status. Ref indicate the minimal threshold for the beneficial association with estimated OR = 1.0 OR, odds ratio.
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reduction caused by glial Drp1 RNAi, indicating the important 
role of reduced lipid accumulation and catabolism in sleep loss 
(53). This seemingly supports the conclusion that long-chain fatty 
acids have a protective effect on OSA. Nevertheless, the dietary 
intake of fatty acids is a complex mixture. The existing knowledge 
is that SFAs as a whole are detrimental to cardiovascular health 
and increase the risk of OSA (24). Hence, we speculate that when 

the dietary intake increases, the healthy subtypes of SFAs cannot 
counteract the adverse effects of SFAs on lipid metabolism. 
Moreover, due to the complexity of individual diets, studies based 
on questionnaires cannot rule out the influence of other 
dietary factors.

Another significant discovery was that the cardiovascular health 
score (LC9) exerted a mediating effect in the relationship between 

TABLE 6 Multifactorial logistic regression of age differences in dietary saturated fatty acids and their subtype (Age) with OSA.

Parameter Q1 Q2 Q3 Q4 P for 
interaction

P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI)

Total 

sfat

[−17.16, 21.15] (21.15, 25.31] (25.31, 29.66] (29.66, 75.86]

0.73
20–44 ref 0.48 0.88 (0.61, 1.28) 0.53 1.18 (0.68, 2.06) 0.53 0.78 (0.35, 1.77)

45–64 ref 0.15 1.38 (0.88, 2.15) 0.05 2.02 (1.01, 4.11) 0.07 2.22 (0.92, 5.38)

≥ 65 ref 1 1.00 (0.55, 1.83) 0.91 0.95 (0.39, 2.35) 0.84 1.11 (0.37, 3.34)

Sfa 4.0

[−0.92, 0.28] (0.28, 0.45] (0.45, 0.66] (0.66, 4.18]

0.62
20–44 ref 0.07 0.74 (0.53, 1.02) 0.24 0.79 (0.52, 1.20) 0.3 0.79 (0.50, 1.26)

45–64 ref 0.51 1.13 (0.77, 1.65) 0.75 1.08 (0.66, 1.76) 0.57 1.13 (0.71, 1.80)

≥ 65 ref 0.14 1.43 (0.87, 2.33) 0.25 1.46 (0.74, 2.88) 0.13 1.86 (0.82, 4.20)

Sfa 6.0

[−0.49, 0.16] (0.16, 0.26] (0.26, 0.38] (0.38, 2.45]

0.84
20–44 ref 0.74 1.07 (0.71, 1.60) 0.58 0.58 0.65 1.13 (0.64, 2.00)

45–64 ref 0.9 1.03 (0.67, 1.57) 0.76 1.07 (0.67, 1.73) 0.3 1.33 (0.76, 2.33)

≥ 65 ref 0.02 0.53 (0.31, 0.91) 0.03 0.44 (0.21, 0.92) 0.03 0.42 (0.20, 0.91)

Sfa 8.0

[−0.35, 0.14] (0.14, 0.21] (0.21, 0.31] (0.31, 3.62]

0.68
20–44 ref 0.83 0.96 (0.62, 1.46) 0.56 0.87 (0.53, 1.44) 0.73 0.91 (0.50, 1.65)

45–64 ref 0.35 1.23 (0.78, 1.93) 0.75 1.09 (0.63, 1.90) 0.84 0.94 (0.49, 1.80)

≥ 65 ref 0.25 1.44 (0.75, 2.77) 0.21 1.77 (0.70, 4.45) 0.53 1.38 (0.48, 3.98)

Sfa 10.0

[−0.65, 0.27] (0.27, 0.41] (0.41, 0.59] (0.59, 3.28]

0.41
20–44 ref 0.36 1.23 (0.77, 1.94) 0.21 1.46 (0.79, 2.70) 0.26 1.48 (0.72, 3.07)

45–64 ref 0.58 0.87 (0.52, 1.46) 0.8 0.93 (0.51, 1.70) 0.81 0.92 (0.46, 1.87)

≥ 65 ref 0.13 1.66 (0.84, 3.26) 0.21 1.71 (0.71, 4.14) 0.06 2.76 (0.94, 8.11)

Sfa 12.0

[−1.03, 0.37] (0.37, 0.59] (0.59, 0.89] (0.89, 22.92]

0.18
20–44 ref 0.16 0.78 (0.54, 1.11) 0.07 0.71 (0.49, 1.03) 0.09 0.70 (0.47, 1.06)

45–64 ref 0.58 0.92 (0.66, 1.28) 0.95 0.99 (0.67, 1.46) 0.77 0.94 (0.62, 1.44)

≥ 65 ref 0.87 0.95 (0.53, 1.73) 0.11 0.53 (0.24, 1.18) 0.57 0.78 (0.31, 1.94)

Sfa 14.0

[−2.36, 1.42] (1.42, 1.99] (1.99, 2.65] (2.65, 12.57]

0.89
20–44 ref 0.4 1.16 (0.80, 1.67) 0.81 1.05 (0.66, 1.68) 0.92 0.98 (0.58, 1.65)

45–64 ref 0.05 0.67 (0.45, 1.00) 0.05 0.62 (0.38, 1.00) 0.01 0.48 (0.27, 0.84)

≥ 65 ref 0.09 0.66 (0.40, 1.07) 0.15 0.63 (0.33, 1.21) 0.06 0.45 (0.20, 1.04)

Sfa 16.0

[−8.32, 11.83] (11.83, 13.88] (13.88, 16.02] (16.02, 41.30] 0.29

20–44 ref 0.42 0.87 (0.62, 1.24) 0.15 0.73 (0.47, 1.14) 0.72 1.11 (0.59, 2.09)

45–64 ref 0.08 0.70 (0.47, 1.04) 0.02 0.55 (0.33, 0.91) 0.04 0.56 (0.33, 0.96)

≥ 65 ref 0.77 0.93 (0.57, 1.53) 0.19 1.60 (0.76, 3.34) 0.36 1.44 (0.63, 3.28)

Sfa 18.0 [−4.20, 5.27] (5.27, 6.35] (6.35, 7.50] (7.50, 19.08] 0.27

20–44 ref 0.26 0.85 (0.64, 1.14) 0.47 0.89 (0.64, 1.24) 0.73 0.93 (0.62, 1.42)

45–64 ref 0.34 1.19 (0.82, 1.71) 0.46 1.14 (0.79, 1.63) 0.99 1.00 (0.60, 1.66)

≥ 65 ref 0.22 0.78 (0.52, 1.18) 0.07 0.66 (0.41, 1.05) 0.04 0.57 (0.33, 0.98)

Model Adjusted for Sex, LC9, Ethnic/race, Marital, Family income-to-poverty ratio, Education levels, BMI, alcohol consumption status, and smoking consumption status.
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Sfa4.0 and OSA. There is scarce direct evidence regarding Sfa4.0 in 
OSA; however, Sfa4.0 belongs to short-chain saturated fatty acids, 
and saturated fatty acids of similar lengths share similar 
physiopathological mechanisms. Short-chain fatty acids are the 
main by-products of intestinal fiber fermentation and are associated 
with increased intestinal permeability, metabolic dysregulation, and 
cardiovascular diseases, which are more prevalent among the elderly 
and may impact sleep efficiency (16, 54). Research has pointed out 
that short-chain fatty acids (Sfa4.0) vary throughout the day, with 
the highest concentration emerging earlier and continuously 
decreasing throughout the day, which might influence the 
expression of circadian genes (16). Nevertheless, higher 
concentrations of Sfa4.0 are correlated with lower sleep efficiency 
and longer sleep onset latency, suggesting that short-chain fatty 
acids might affect sleep continuity and contribute to promoting 
short-chain saturated fatty acids as biomarkers of insomnia (16). 
Additionally, previous studies have demonstrated that 
cardiovascular diseases can increase the risk of OSA, which has 

been verified (19). Due to the insufficient research on Sfa4.0, we are 
unable to conduct a more detailed discussion. Fortunately, studies 
on SFAs and cardiovascular diseases are relatively comprehensive, 
and an increased cardiovascular health risk facilitates the occurrence 
of OSA. Our current study can only support the notion that short-
chain saturated fatty acids can promote the occurrence of OSA by 
deteriorating cardiovascular health. Furthermore, the protective 
effects of Sfa 12.0, Sfa 14.0, and Sfa 16.0 were more pronounced 
among participants aged 45–64 and white people. This might 
be  closely related to the dietary habits of the participants. Both 
subgroups of participants aged 45–64 and white people tend to have 
stable social status and cultural differences, and possess better 
dietary habits and opportunities to maintain good physical health. 
In a study, the plasma metabolomics characteristics of black and 
white participants revealed that dietary habits and food preferences 
might have a significant impact on the types/distribution of lipid 
metabolites (55). Additionally, studies have found that there are 
differences in fatty acid-derived desaturation indices among races, 

TABLE 7 Multifactorial logistic regression of age differences in dietary saturated fatty acids and their subtype (sex) with OSA.

Parameter Q1 Q2 Q3 Q4 P for 
interaction

P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI)

Total sfat

[−17.16, 21.15] (21.15, 25.31] (25.31, 29.66] (29.66, 75.86]

0.89Female ref 0.56 1.15 (0.70, 1.88) 0.07 1.76 (0.94, 3.30) 0.07 2.07 (0.94, 4.55)

Male ref 0.99 1.00 (0.67, 1.48) 0.84 1.05 (0.61, 1.82) 0.44 0.75 (0.34, 1.66)

Sfa 4.0

[−0.92, 0.28] (0.28, 0.45] (0.45, 0.66] (0.66, 4.18]

0.44Female ref 0.57 0.91 (0.65, 1.29) 0.35 0.82 (0.54, 1.26) 0.23 0.73 (0.43, 1.25)

Male ref 0.95 0.99 (0.76, 1.30) 0.85 1.04 (0.70, 1.54) 0.29 1.26 (0.80, 1.99)

Sfa 6.0

[−0.49, 0.16] (0.16, 0.26] (0.26, 0.38] (0.38, 2.45]

0.62Female ref 0.96 0.99 (0.68, 1.45) 0.76 0.94 (0.59, 1.48) 0.48 1.20 (0.70, 2.06)

Male ref 0.82 0.97 (0.70, 1.33) 0.71 1.07 (0.73, 1.57) 0.78 1.07 (0.65, 1.77)

Sfa 8.0

[−0.35, 0.14] (0.14, 0.21] (0.21, 0.31] (0.31, 3.62]

0.66Female ref 0.73 1.07 (0.69, 1.68) 0.86 1.04 (0.61, 1.78) 0.49 0.80 (0.40, 1.58)

Male ref 0.65 1.08 (0.76, 1.54) 0.96 1.01 (0.62, 1.65) 0.79 1.08 (0.59, 1.98)

Sfa 10.0

[−0.65, 0.27] (0.27, 0.41] (0.41, 0.59] (0.59, 3.28]

0.74Female ref 0.77 1.07 (0.65, 1.75) 0.43 1.29 (0.66, 2.54) 0.18 1.62 (0.78, 3.39)

Male ref 0.42 1.16 (0.79, 1.70) 0.45 1.20 (0.73, 1.97) 0.67 1.15 (0.57, 2.35)

Sfa 12.0

[−1.03, 0.37] (0.37, 0.59] (0.59, 0.89] (0.89, 22.92]

0.86Female ref 0.13 0.77 (0.55, 1.10) 0.04 0.66 (0.45, 0.99) 0.11 0.71 (0.46, 1.10)

Male ref 0.64 0.94 (0.71, 1.24) 0.42 0.89 (0.65, 1.21) 0.55 0.90 (0.63, 1.29)

Sfa 14.0

[−2.36, 1.42] (1.42, 1.99] (1.99, 2.65] (2.65, 12.57]

0.93Female ref 0.76 0.94 (0.61, 1.45) 0.57 0.87 (0.51, 1.47) 0.15 0.65 (0.36, 1.19)

Male ref 0.21 0.82 (0.60, 1.13) 0.17 0.76 (0.50, 1.14) 0.16 0.68 (0.39, 1.19)

Sfa 16.0

[−8.32, 11.83] (11.83, 13.88] (13.88, 16.02] (16.02, 41.30]

0.65Female ref 0.39 0.85 (0.58, 1.26) 0.25 0.79 (0.52, 1.20) 0.35 0.79 (0.48, 1.32)

Male ref 0.08 0.79 (0.60, 1.04) 0.14 0.76 (0.53, 1.10) 0.95 1.01 (0.59, 1.74)

Sfa 18.0

[−4.20, 5.27] (5.27, 6.35] (6.35, 7.50] (7.50, 19.08]

0.99Female ref 0.66 0.94 (0.68, 1.29) 0.36 0.83 (0.54, 1.28) 0.19 0.72 (0.44, 1.20)

Male ref 0.91 0.99 (0.77, 1.27) 0.68 1.06 (0.78, 1.44) 0.71 1.07 (0.72, 1.59)

Model Adjusted for Age, LC9, Ethnic/race, Marital, Family income-to-poverty ratio, Education levels, BMI, alcohol consumption status, and smoking consumption status.
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TABLE 8 Multifactorial logistic regression of age differences in dietary saturated fatty acids and their subtype (ethnic/race) with OSA.

Parameter Q1 Q2 Q3 Q4 P for 
interaction

P-value OR (95% 
CI)

P-value OR (95% 
CI)

P-value OR (95% 
CI)

Total 

sfat

[−17.16, 

21.15]
(21.15, 25.31] (25.31, 29.66] (29.66, 75.86]

0.16

White people ref 0.56 1.09 (0.80, 1.48) 0.08 1.61 (0.93, 2.77) 0.35 1.37 (0.68, 2.77)

Black people ref 0.17 1.48 (0.82, 2.69) 0.07 1.88 (0.95, 3.72) 0.04 2.55 (1.07, 6.11)

Mexican 

people
ref 0.93 0.98 (0.46, 2.08) 0.13 0.53 (0.21, 1.31) 0.11 0.40 (0.12, 1.32)

Other ref 0.22 0.71 (0.40, 1.26) 0.31 0.70 (0.34, 1.45) 0.61 0.78 (0.27, 2.21)

Sfa 4.0

[−0.92, 0.28] (0.28, 0.45] (0.45, 0.66] (0.66, 4.18]

0.66

White people ref 0.85 1.03 (0.77, 1.37) 0.73 1.07 (0.72, 1.60) 0.44 1.18 (0.75, 1.85)

Black people ref 0.77 1.05 (0.73, 1.52) 0.55 0.89 (0.58, 1.35) 0.38 0.76 (0.39, 1.47)

Mexican 

people
ref 0.04 0.53 (0.29, 0.95) 0.09 0.51 (0.23, 1.16) 0.09 0.47 (0.19, 1.20)

Other ref 0.5 0.86 (0.54, 1.36) 0.29 0.74 (0.42, 1.32) 0.44 0.75 (0.34, 1.65)

Sfa 6.0

[−0.49, 0.16] (0.16, 0.26] (0.26, 0.38] (0.38, 2.45]

0.84

White people ref 0.95 0.99 (0.72, 1.36) 0.93 0.98 (0.66, 1.47) 0.81 1.05 (0.65, 1.71)

Black people ref 0.87 1.03 (0.66, 1.63) 0.55 1.16 (0.68, 1.99) 0.7 1.12 (0.60, 2.09)

Mexican 

people
ref 0.87 0.95 (0.41, 2.17) 0.45 0.77 (0.35, 1.72) 0.67 0.84 (0.30, 2.30)

Other ref 0.96 0.99 (0.53, 1.84) 0.57 1.28 (0.51, 3.25) 0.13 2.22 (0.76, 6.53)

Sfa 8.0

[−0.35, 0.14] (0.14, 0.21] (0.21, 0.31] (0.31, 3.62]

0.59

White people ref 0.76 1.05 (0.73, 1.52) 0.57 1.14 (0.71, 1.83) 0.97 1.01 (0.54, 1.88)

Black people ref 0.83 1.05 (0.63, 1.77) 0.38 0.78 (0.44, 1.40) 0.27 0.70 (0.36, 1.38)

Mexican 

people
ref 0.19 1.37 (0.80, 2.37) 0.94 1.02 (0.50, 2.09) 0.87 1.07 (0.42, 2.70)

Other ref 0.79 1.10 (0.53, 2.28) 0.43 0.72 (0.30, 1.71) 0.61 0.78 (0.29, 2.14)

Sfa 

10.0

[−0.65, 0.27] (0.27, 0.41] (0.41, 0.59] (0.59, 3.28]

0.48

White people ref 0.38 1.19 (0.79, 1.78) 0.41 1.23 (0.73, 2.06) 0.19 1.51 (0.80, 2.86)

Black people ref 0.58 0.88 (0.53, 1.45) 0.42 1.27 (0.68, 2.38) 0.51 1.29 (0.57, 2.90)

Mexican 

people
ref 0.79 1.09 (0.50, 2.35) 0.87 1.07 (0.39, 2.93) 0.64 1.20 (0.47, 3.06)

Other ref 0.95 0.98 (0.58, 1.67) 0.46 1.32 (0.60, 2.91) 0.41 0.66 (0.22, 1.92)

Sfa 

12.0

[−1.03, 0.37] (0.37, 0.59] (0.59, 0.89] (0.89, 22.92]

0.17

White people ref 0.08 0.80 (0.63, 1.03) 0.02 0.66 (0.48, 0.91) 0.1 0.74 (0.50, 1.07)

Black people ref 0.83 0.96 (0.61, 1.50) 0.81 0.95 (0.58, 1.54) 0.72 1.09 (0.64, 1.86)

Mexican 

people
ref 0.27 1.23 (0.81, 1.87)

0.19 1.34 (0.82, 2.19) 0.49 1.21 (0.63, 2.36)

Other ref 0.95 0.99 (0.65, 1.50) 0.46 1.19 (0.73, 1.93) 0.95 0.98 (0.51, 1.87)

Sfa 

14.0

[−2.36, 1.42] (1.42, 1.99] (1.99, 2.65] (2.65, 12.57] 0.36

White people ref 0.16 0.80 (0.57, 1.11) 0.14 0.72 (0.46, 1.13) 0.01 0.53 (0.34, 0.84)

Black people ref 0.8 0.94 (0.54, 1.62) 0.74 0.90 (0.47, 1.74) 0.7 0.84 (0.31, 2.25)

Mexican 

people

ref 0.95 1.02 (0.52, 2.01) 0.16 1.67 (0.74, 3.76) 0.17 1.78 (0.72, 4.41)

Other ref 0.93 1.02 (0.65, 1.58) 0.12 0.64 (0.35, 1.15) 0.73 0.84 (0.30, 2.38)

(Continued)

https://doi.org/10.3389/fnut.2025.1503815
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Gou et al. 10.3389/fnut.2025.1503815

Frontiers in Nutrition 14 frontiersin.org

and insulin-resistant black South African women exhibit fatty acid 
patterns that are typically associated with higher insulin sensitivity 
in the European population (56). In subsequent studies, we will 
narrow the research scope and explore the racial differences in the 
effects of SFAs on OSA.

This study boasts several notable strengths. Firstly, it is 
grounded in a large-scale study of complex samples, offering more 
dependable results. Such a research design not only enhances the 
generalizability of the findings but also furnishes the necessary basis 
for comprehending the influencing factors under different sample 

FIGURE 3

Life’s critical 9 Mediating effects and estimated proportions in the association of dietary intake of saturated fatty acids and their subtypes with OSA. 
Model Adjusted for Sex, Age, Ethnic/race, Marital, Family income-to-poverty ratio, Education levels, BMI, alcohol consumption status and smoking 
consumption status. Abbreviations: IE, the estimate of the indirect effect; DE, the estimate of the direct effect; Proportion of mediation = IE/DE + IE, 
OR, odds ratio.

TABLE 8 (Continued)

Parameter Q1 Q2 Q3 Q4 P for 
interaction

P-value OR (95% 
CI)

P-value OR (95% 
CI)

P-value OR (95% 
CI)

Sfa 

16.0

[−8.32, 11.83] (11.83, 13.88] (13.88, 16.02] (16.02, 41.30] 0.43

White people ref 0.05 0.78 (0.61, 1.00) 0.02 0.66 (0.47, 0.94) 0.33 0.80 (0.51, 1.27)

Black people ref 0.29 0.83 (0.57, 1.20) 0.6 0.88 (0.54, 1.45) 0.31 0.78 (0.47, 1.31)

Mexican 

people

ref 0.73 0.91 (0.48, 1.74) 0.54 1.23 (0.54, 2.83) 0.13 1.95 (0.76, 5.03)

Other ref 0.58 0.88 (0.55, 1.42) 0.39 1.26 (0.72, 2.21) 0.95 0.98 (0.44, 2.19)

Sfa 

18.0

[−4.20, 5.27] (5.27, 6.35] (6.35, 7.50] (7.50, 19.08] 0.55

White people ref 0.42 0.91 (0.70, 1.17) 0.63 0.94 (0.71, 1.24) 0.4 0.86 (0.58, 1.26)

Black people ref 0.24 0.81 (0.56, 1.17) 0.02 0.55 (0.35, 0.87) 0.1 0.63 (0.35, 1.11)

Mexican 

people

ref 0.78 1.06 (0.63, 1.79) 0.47 1.21 (0.64, 2.30) 0.77 1.09 (0.53, 2.27)

Other ref 0.16 1.41 (0.86, 2.31) 0.48 1.20 (0.70, 2.09) 0.74 1.11 (0.56, 2.18)

Model adjusted for age, LC9, sex, marital, family income-to-poverty ratio, education levels, BMI, alcohol consumption status, and smoking consumption status.
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characteristics. Moreover, this study specifically focuses on the 
variance in the carbon chain lengths of saturated fatty acids (SFA), 
this novel perspective enables us to conduct in-depth analyses of the 
distinct influences of SFAs with different carbon chain lengths on 
OSA. Simultaneously, the study has corrected and weighted the 
nutrient components and demographic data, ensuring the 
scientificity and accuracy of the outcomes. However, there are 
limitations to be  recognized in this cross-sectional study. The 
research discovered that there might exist complex internal 
interaction mechanisms among SFA and its subtypes, a factor that 
could impact the interpretation of the ultimate results. Additionally, 
the intake of SFA was measured via self-reported dietary frequency 
questionnaires (FFQ), which might entail recall bias and thereby 
influence the accuracy of the data. It is worth noting that 
observational studies cannot rule out the possibility of reverse 
causation. Furthermore, in the NHANES survey, there could 
be Neyman bias, which might lead to misleading results for specific 
populations. Finally, this study solely relies on two measurements 
of dietary intake and lacks sufficient follow-up data, thereby 
restricting an in-depth exploration of the relationship between SFA 
and OSA. Based on these findings, the intake of SFAs was 
significantly and positively associated with the risk of OSA, which 
supports the importance of dietary fat quality for cardiovascular 
health and OSA and provides a new scientific basis for dietary 
guidance. Future clinical interventions should take into account 
patients’ age, gender, and ethnicity to develop individualized dietary 
intervention plans. Reducing the intake of SFAs may decrease the 
prevalence of OSA, thereby reducing the economic burden on the 
health system. Future studies should focus on the mechanism of 
action of SFAs on the risk of OSA and further evaluate the 
independent and interactive effects of different subtypes of 
fatty acids.

5 Conclusion

In conclusion, our results indicate that the mixture of SFAs 
presents as a risk factor for OSA, with a correlation between Total sfat 
and the increased risk of OSA. We discovered that the subtypes of long 
chain saturated fatty acids are protective factors for OSA. Additionally, 
the mediation analysis suggests that the association between Sfa4.0 
and the risk of OSA might be mediated by Life’s Crucial 9. These 
findings identify the risk factors of OSA and suggest that 
cardiovascular health is a potential mechanism that adversely 
affects OSA.
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