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Abstract
Background  Obstructive Sleep Apnea (OSA) is a widespread sleep disturbance linked to metabolic and 
cardiovascular conditions. The Non-High-Density Lipoprotein Cholesterol to High-Density Lipoprotein Cholesterol 
Ratios (NHHR) has been proposed as being a potential biomarker to gauge cardiovascular risk. However, its 
relationship with OSA remains unclear.

Methods  This survey investigated the link NHHR to OSA in American citizens aged 20 and older using information 
collected via the National Health and Nutrition Examination Survey (NHANES) during the years 2017 to 2020. Logistic 
regression models with multivariable adjustments were employed to assess this relationship. Nonlinear associations 
were explored using smooth curve fitting, with a two-part linear regression model identifying a threshold effect. 
Subgroup analyses were conducted to evaluate population-specific differences.

Results  The survey encompassed 6763 participants, with an average age of 50.75 ± 17.32. The average NHHR stood at 
2.74, accompanied by a standard deviation of 1.34, while the average frequency of OSA was 49.93%. Upon adjusting 
for covariates, each unit increase in NHHR may be associated with a 9% rise in OSA incidence. (95% confidence 
intervals 1.04–1.14; P < 0.0001). Notably, a U-shaped curve depicted the NHHR-OSA relationship, with an inflection 
point at 4.12. Subgroup analyses revealed consistent associations, with educational attainment and diabetes status 
modifying the NHHR-OSA relationship.

Conclusion  The study highlights NHHR as a potential tool for OSA prediction, presenting avenues for advanced risk 
evaluation, tailored interventions, personalized treatment approaches, and preventive healthcare.
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Introduction
Obstructive Sleep Apnea (OSA) is a prevalent sleep disor-
der characterized by recurrent episodes of upper airway 
obstruction during sleep, leading to sporadic hypoxemia 
and recurrent awakenings. In the United States (US), it 
affects roughly 17% of women and 34% of men aged 30 
and 70 [1]. Symptoms of OSA include excessive daily 
sleepiness, neurocognitive impairment [2], diminished 
quantity of life, as well as endocrine, metabolic [3], and 
cardiovascular-related changes. Left untreated, OSA can 
precipitate serious health complications, including high 
blood pressure, cardiovascular diseases [4], metabolic 
syndrome [5] and diabetes [6]. Crucially, OSA has a sig-
nificant relationship with changes in metabolism and is 
recognized as an independent risk factor for cardiovas-
cular ailments. Therefore, there is an imperative to iden-
tify novel and more precise biomarkers for predicting the 
probability of adverse cardiovascular events in individu-
als afflicted by OSA.

Numerous studies have investigated the intricate con-
nection between lipid abnormalities and OSA. For 
instance, a prospective cohort study involving 846 older 
adults demonstrated a robust association between high-
density lipoprotein cholesterol (HDL-C) and severe OSA, 
while low-density lipoprotein (LDL) did not exhibit an 
independent association [7]. Similarly, a retrospective 
analysis of 2361 people revealed that, in comparison to 
controls, those with OSA had increased triglycerides, 
greater Non-High-Density Lipoprotein Cholesterol 
(NHDL-C) and lower HDL-C. Moreover, a significant 
link was observed with the severity of OSA of HDL-C [8]. 
Furthermore, individuals diagnosed with OSA exhibit 
notably increased levels of oxidized low-density lipopro-
tein (oxLDL), a factor associated with preclinical athero-
sclerosis [9]. HDL-C ameliorates the inhibitory effect of 
oxLDL on vascular reactivity [10].

The NHHR, integrating features of both HDL-C and 
non-HDL-C, has been recognized as a comprehensive 
marker for evaluating atherosclerosis. Previous research 
has demonstrated its superior predictive and diagnos-
tic efficacy in assessing the risk of atherosclerosis [11], 
diabetes type 2 [12], and metabolism syndrome [13] 
compared to traditional lipid indicators. Furthermore, 
recent research has emphasized the linkage and prog-
nostic worth of NHHR with different illnesses, including 
depression [14], kidney stones [15], and suicidal ideation 
[16]. Exploring the relationship between NHHR and 
OSA could yield valuable insights into the interconnect-
edness of lipid metabolism and sleep quality, potentially 
informing preventive and therapeutic strategies for these 
conditions.

The complexity of OSA and its implications for cardio-
vascular risk underscores the importance of identifying 
reliable biomarkers. Given this context, delving into the 

correlation between NHHR and OSA could unveil a sim-
ple yet effective tool for predicting OSA risk. Therefore, 
this study endeavors to explore the relationship between 
NHHR and OSA risk in the adult population. By elucidat-
ing this intricate connection, this study contributes to the 
existing knowledge by proposing NHHR as a comprehen-
sive biomarker for evaluating OSA risk, offering advan-
tages over traditional lipid parameters, such as HDL-C 
and LDL-C. The gleaned observations could pave the way 
for personalized management strategies and interven-
tions to mitigate the adverse health outcomes associated 
with OSA.

Methodology
Study design and population
This snapshot survey examines the link to NHHR and 
OSA, utilizing the data provided from the NHANES 
during the years 2017 to 2020. NHANES offers a com-
prehensive and accurate representation of the whole 
US population, providing in-depth information on 
health, nutrition, and demographic characteristics. The 
NHANES survey methodology involves a complex, 
multi-stage, probability-cluster sampling technique. 
Additional details regarding NHANES can be available 
on the webpage www.cdc.gov/nchs/Nhanes/. The entire 
NHANES participants provided informed signed agree-
ment, and it obtained approval from the Research Ethics 
Committee of the National Centre for Health Statistics. 
The initial sample consisted of 15,560 individuals with 
valid NHANES data from 2017 to 2020. Exclusion cri-
teria included individuals under 20 years old, those with 
missing NHHR or OSA data, and those with missing 
covariate data. The flowchart in Fig. 1 illustrates the spe-
cific selection process.

Calculation of NHHR Index
The NHHR index was computed using the following 
calculation: (Total Cholesterol (TC) - HDL-C) split by 
HDL-C.

Diagnosis of OSA
High-risk for OSA was defined based on participant 
responses to three binary questions in NHANES: (1) Suf-
fering chronic extreme daytime sleepiness, even after get-
ting around 7 h or more of sleep per night on weekdays 
or workdays, happening 16–30 times each month; (2) 
Reporting breathing pauses, snorting, or gasping for air 
on 3 or more nights per week; (3) Loud snoring on 3 or 
more nights per week [17].

Covariates
A multivariable-adjusted model was employed to sum-
marize variables potentially influencing NHHR index 
and OSA correlation. Covariates considered in this study 

http://www.cdc.gov/nchs/Nhanes/
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included various demographic and health-related fac-
tors, as outlined in Table  1 [17]. Detailed information 
regarding the measuring techniques for these variables is 
available on the official Centers for Disease Control and 
Prevention website at www.cdc.gov/nchs/nhanes/.

Statistical analysis
The analytical methods were implemented with R 4.0.5 
software and Empowerstats 2.0, taking into consideration 
the intricate NHANES sampling design with sample visit 
weights. Descriptive analyses were conducted, reporting 
proportion adjusted for weights (%) of qualitative param-
eters and weighted averages with corresponding statisti-
cal dispersion pertaining to quantitative data. Qualitative 
parameters were assessed using chi-square tests, while 

quantitative data were investigated using analysis of vari-
ance (ANOVA).

Multivariable Logit models (Model I, II, and III) were 
developed to determine the odds ratio (OR) and 95% 
confidence intervals (CI) for the association between 
the NHHR index and OSA. Model I was unadjusted for 
covariates. Model II was adjusted for race, sex and age. 
Model III additionally included modifications for rela-
tionship situation, educational attainment, physical activ-
ity, BMI, smoking habits, drinking habits, high blood 
pressure, diabetes, and previous cardiovascular events.

Subgroup analyses and interaction tests were con-
ducted to explore potential differences among the dif-
ferent populations. The study investigated the presence 
of nonlinear relationships between OSA and NHHR 
index by employing smooth curve fitting. Threshold 

Fig. 1  Flowchart of participant selection. HDL, High-Density Lipoprotein Cholesterol; TC, Total Cholesterol
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relationships were investigated using a two-part linear 
regression. The predictive capacity of NHHR, HDL-C, 
and TC for the incidence of OSA was evaluated using 
Receiver Operating Characteristic (ROC) curves and 
Area Under the Curve (AUC). A P-value less than 0.05 
was considered statistically significant for all results.

Results
Baseline characteristics of participants
The paper’s survey comprised 6,763 participants, with 
an average age of 50.75 ± 17.32 years. The sample con-
sisted of 48.38% males and 51.62% females. Table 2 pres-
ents the weighted baseline traits. The mean NHHR index 
was 2.74 ± 1.34. NHHR quartile ranges were defined as 
follows: Quartile 1 included values less than or equal to 
1.82, Quartile 2 encompassed values between 1.82 and 
2.50, Quartile 3 ranged between 2.51 and 3.38, and Quar-
tile 4 comprised values greater than 3.38. The prevalence 
of OSA was 49.93% among participants. Quartile 4 of 
NHHR, when compared to Quartile 1, exhibited like-
lihoods with older age, a greater percentage of males, 
lower levels of education, higher BMI, increased rates of 
smoking, elevated rates of high blood pressure and diabe-
tes, lower HDL-C, and higher TC.

Association between NHHR Index and OSA Risk
After adjusting for all relevant factors, each additional 
unit of NHHR showed a 9% positive correlation with 
the occurrence of OSA (OR = 1.09; 95% CI 1.04–1.14; 
P < 0.01). This indicates a strong positive association 
between NHHR and OSA. Furthermore, analysis of 
NHHR in quartiles revealed that Quartile 4 had a 38% 

higher likelihood of OSA compared to Quartile 1 
(OR = 1.38; 95% CI 1.19–1.61; P < 0.01) (Table 3).

In the analysis, NHHR was examined as a continuous 
variable and a categorical variable in quartiles.

Model I, no covariates were adjusted. Model II, Age, 
Gender, and Race were adjusted. Model III, Age, Gen-
der, Race, Marital status, Education level, Physical activ-
ity, BMI, Smoke status, Alcohol, Hypertension, Diabetes, 
and History of cardiovascular disease. OR, Odds Ratio; 
CI, Confidence Intervals; OSA, Obstructive Sleep Apnea; 
NHHR, Non-High-Density Lipoprotein Cholesterol 
to High-Density Lipoprotein Cholesterol Ratio; Ref, 
Reference.

Analysis of curve fitting and threshold effects
Model III revealed an inverted U-shaped relationship 
between NHHR index and OSA prevalence (Fig.  2). 
Further analysis of threshold effects revealed a curve 
inflection point at 4.12. When NHHR falls below this 
threshold, each additional unit increase is associated with 
a 16% higher risk of OSA (OR = 1.16; 95% CI 1.09–1.23; 
P < 0.0001). However, values above 4.12 did not yield sig-
nificant results in their relationship (OR = 0.98; 95% CI 
0.91–1.06; P = 0.5986), as indicated by a P-value of 0.004 
from the likelihood ratio test (Table 4).

Subgroup Analysis
Multi-subgroup analyses and interaction tests, based on 
various covariates, were conducted to assess the strength 
of the NHHR-OSA relationship and identify potential 
population differences (Table  5). In most subgroups, a 
consistent association between NHHR and OSA was 

Table 1  Covariates along with their descriptions or categorizations. Covariates included in this study. BMI, Body Mass Index; CVD, Cardiovascular Disease
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Table 2  Baseline characteristics of participants in the NHANES 2017–2020. Categorized according to NHHR quartiles. NHHR, Non-high-density Lipopro-
tein Cholesterol to High-Density Lipoprotein Cholesterol Ratio; BMI, body Mass Index; HDL, High-Density Lipoprotein Cholesterol; TC, total cholesterol; 
CVD, Cardiovascular Disease; OSA, Obstructive Sleep Apnea
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observed. However, educational attainment was found 
to modify this association (P for interaction = 0.0016). 
Furthermore, differences were noted among diabetic 
populations (P for interaction = 0.0129), with a stron-
ger NHHR-OSA association observed in non-diabetic 
individuals (OR = 1.11; 95% CI 1.05–1.16; P < 0.0001), 

compared to diabetic patients (OR = 0.98; 95% CI 0.91–
1.06; P = 0.6789).

ROC curve analysis
ROC curve analysis indicated that NHHR exhibited 
slightly higher specificity compared to HDL-C and TC, 

Fig. 2  Smoothed curve fit between NHHR and OSA The blue bars show the fitted 95% confidence intervals (95% CI) and the fitted smoothed curves are 
shown in red. OSA, Obstructive Sleep Apnea; NHHR, Non-High-Density Lipoprotein Cholesterol to High-Density Lipoprotein Cholesterol Ratio

 

Table 3  Multivariable logistic regression models for the association between NHHR and OSA
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with a specificity of 0.5839 and sensitivity of 0.5434 
(Fig. 3).

Discussion
This cross-sectional research encompassed a represen-
tative sample of 6,763 American citizens aged 20 and 
older from the NHANES dataset. The analysis revealed 
an essential connection between NHHR and the likeli-
hood of OSA. This robust association persisted even fol-
lowing adjusting for various covariates, suggesting that 
NHHR could serve as a reliable tool for assessing the risk 
of OSA. The subgroup analysis revealed that individuals 
with educational attainment levels below high school or 
above college should pay particular attention to manag-
ing NNHR. Notably, these findings revealed a nonlinear 
pattern, with a critical threshold identified at an NHHR 
of 4.12, beyond which the association with OSA risk 
diminished. These results underscore the clinical rel-
evance of maintaining an optimal NHHR level to poten-
tially mitigate the risk of OSA.

The findings contribute to the expanding body of evi-
dence linking lipid abnormalities, specifically NHHR, to 
the risk of developing OSA. Previous investigations have 
primarily focused on the roles of HDL-C and TC con-
cerning OSA. The Sleep Heart Health Study research 
group conducted a prospective cohort study that identi-
fied a robust association between HDL-C levels and the 
severity of sleep-disordered breathing [18]. Similarly, 
a recent case-control study involving 1,310 children 
observed lower HDL-C levels and higher TC in OSA 
patients [19]. Animal models have also suggested that 
intermittent hypoxia characteristic of OSA may increase 
HDL-C expression, potentially through the upregulation 
of the HDL-C receptor SRB1 [20]. These studies indi-
rectly support the findings, indicating a complex inter-
play between lipid metabolism and OSA pathogenesis.

However, conflicting results have emerged from vari-
ous studies, highlighting the need for further investi-
gation. For instance, a cross-sectional study involving 
753 Australian men revealed no significant correlation 
between OSA and HDL-C levels [21]. Furthermore, a 
Mendelian randomization (MR) investigation revealed no 

clear correlation between HDL-C and OSA [22]. These 
discrepancies may arise from variations in study popula-
tions, ethnicities, and OSA assessment criteria. Thus, this 
study aimed to introduce NHHR as a novel atherosclero-
sis indicator, potentially enhancing the predictive ability 
of HDL-C and non-HDL-C for OSA risk.

The connection regarding NHHR and OSA incidence 
can be explained by various mechanisms incurred by 
lipid metabolism. Dysfunctional HDL-C, particularly its 
subfractions HDL1-3, is implicated in atherosclerosis 
[23]. HDL-C’s anti-inflammatory, antioxidant, and anti-
atherosclerotic properties are crucial in this context [24]. 
HDL-C enhances endothelial function through various 
mechanisms, including raising intracellular Ca2+ lev-
els, activating Akt to trigger the release of nitric oxide, 
and increasing the expression of endothelial nitric oxide 
synthase (eNOS) via lysophospholipids, such as sphin-
gosylphosphorylcholine (SPC), sphingosine-1phosphate 
(S1P), and lysosulfatide (LSF) [25, 26]. Additionally, HDL 
enhances the expression of eNOS by interacting with 
SRB1 receptors present on endothelial cells [27]. Dys-
functional HDL-C may also contribute to increased levels 
of oxLDL, promoting inflammation and atherosclerosis 
[28].

The clinical relevance of this study lies in its identifi-
cation of NHHR as a potential biomarker for predicting 
OSA risk in adults. This finding has direct implications 
for patient care across several domains: (1) Enhanced 
Risk Assessment: NHHR demonstrates advantages over 
traditional lipid parameters in predicting OSA risk. Inte-
grating NHHR measurements into routine assessments 
enables clinicians to more accurately identify individu-
als prone to OSA development. (2) Targeted Interven-
tions: Recognizing NHHR as a predictive biomarker for 
OSA enables healthcare providers to implement focused 
interventions aimed at managing lipid irregularities to 
mitigate OSA risk. These interventions may involve tai-
lored lifestyle modifications, pharmacotherapy, or other 
targeted approaches based on individual patient profiles. 
(3) Personalized Management Strategies: Understand-
ing NHHR’s role in OSA pathophysiology opens avenues 
for personalized management strategies. Clinicians can 

Table 4  The threshold effect analysis of the NHHR on OSA risk. OR, odds ratio; CI, confidence intervals; NHHR, Non-high-density Lipoprotein Cholesterol 
to High-Density Lipoprotein Cholesterol Ratio; OSA, Obstructive Sleep Apnea
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Table 5  Stratified analysis of the correlation between NHHR and OSA. Stratification of covariates adjusted according to model III. OR, odds ratio; CI, con-
fidence intervals; OSA, Obstructive Sleep Apnea; BMI, body Mass Index; CVD, Cardiovascular Disease; NHHR, Non-high-density Lipoprotein Cholesterol to 
high-density lipoprotein cholesterol ratio
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utilize NHHR measurements to customize treatment 
plans and interventions for patients with OSA, poten-
tially leading to improved outcomes and enhanced 
patient care. (4) Preventive Medicine: NHHR may help 
predict the occurrence of OSA, allowing for preventive 
measures to be initiated before significant symptoms or 
complications emerge. Early identification and interven-
tion hold the potential to prevent or delay OSA progres-
sion and its associated cardiovascular risks, promoting 
overall health and well-being.

Study strengths and limitations
The conclusion drawn from this study is robust, as it 
involved a large and geographically representative group 
of US adults from NHANES, with comprehensive adjust-
ments made for covariates. However, certain limitations 
should be acknowledged. The nature of this snapshot sur-
vey investigation precludes the establishment of a direct 
causal link between NHHR and OSA, and the potential 
for reverse causality cannot be entirely ruled out. Addi-
tionally, the cholesterol data utilized were obtained from 
fasting samples, which may differ from non-fasting lev-
els. Objective indicators for OSA evaluation were limited, 

and the study did not extend to investigating NHHR and 
OSA in children.

Conclusion
In conclusion, this study highlights the importance 
of NHHR as a predictive biomarker for OSA, offering 
opportunities for enhanced risk assessment, targeted 
interventions, personalized management strategies, and 
preventive medicine. Integration of NHHR assessments 
into clinical routines enables healthcare professionals to 
enhance patient care by identifying those susceptible to 
OSA and initiating proactive measures to.

alleviate this risk, consequently enhancing overall 
health outcomes.
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