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Abstract

Background Currently, there is limited and controversial clinical research on the correlation between sleep-disor-
dered breathing (SDB) and dyslipidemia. This discrepancy in findings may be because studies that primarily focused
on hospital-based populations may not be applicable to community-based populations. Therefore, the primary objec-
tive of this research endeavor is to scrutinize the correlation between nocturnal hypoxemia and blood lipid concen-
trations among adult individuals residing in the community who exhibit symptoms of SDB. Additionally, this study
aimed to identify the nocturnal hypoxia parameters having the strongest correlation with this relationship.

Methods This cross-sectional study collected data from The Guangdong Sleep Health Study, which included 3829
participants. Type IV sleep monitoring was employed to measure hypoxemia parameters, and lipoproteins were evalu-
ated using fasting blood samples. To understand the association between dyslipidemia and hypoxemia parameters,

a multivariable logistic regression model was used. Subgroup analyses were conducted to stratify data according

to age, sex, waist circumference, and chronic diseases.

Results The age of the individuals involved in the study spanned from 20 to 90 years. The average age of the partici-
pants was 56.15+ 13.11 years. Of the total sample size, 55.7% were male. In the fully adjusted model, the meanSpO2
was negatively associated with hyperlipidemia (0.9303 [95% confidence interval 0.8719, 0.9925]). Upon conducting

a nonlinearity test, the relationship between the meanSpO2 and hyperlipidemia was nonlinear. The inflection points
were determined to be 95. When meanSpO2 > 95%, a difference of 1 in the meanSpO2 corresponded to a 0.07 differ-
ence in the risk of hyperlipidemia.

Conclusions This study revealed that higher meanSpO2 is significantly and negatively associated with hyperlipi-
demia in adult community residents with SDB, particularly when the meanSpO2 exceeds 95. This finding empha-
sizes the importance of close monitoring for dyslipidemia, which is considered an early indicator of atherosclerosis
in patients with SDB who experience nocturnal hypoxia.
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Background

Sleep-disordered breathing (SDB) is a prevalent con-
dition affecting many individuals worldwide. It is
characterized by the frequent occurrence of episodes
involving apnea, which is the temporary cessation of
breathing, and hypopnea, which is decreased airflow.
These episodes can result in a lack of oxygen dur-
ing sleep. Notably, recent investigations indicate that
approximately 936 million adults are affected by SDB.
It is worth noting that among different countries, China
holds the distinction of having the highest prevalence
rate of SDB [1]. The prevalence of SDB is expected to
increase in the future because of the increasing prev-
alence of obesity and aging [2]. Unfortunately, SDB is
often undiagnosed in clinical settings [3].

Multiple studies have provided compelling evidence
that there exists a robust association between SDB and
the development of cardiovascular disease [4]. If left
untreated, patients with SDB face a substantially height-
ened susceptibility to encountering complications
related to the heart and cerebrovascular system, as well
as increased mortality from all causes [5]. This increased
cardiovascular risk is attributed to a reduction in oxygen
levels, which activate the sympathetic nervous system
and lead to elevated oxidative stress and inflammation
[6-8]. One potential explanation for the connection
between SDB and cardiovascular disease is that exist-
ing treatments may not completely reverse the damage
that has already occurred. Therefore, early detection and
intervention of SDB are essential to minimize the adverse
consequences of cardiovascular disease. Additionally,
SDB-induced hypoxia plays a role in adipose tissue dys-
function, release of pro-inflammatory molecules called
lipokines, activation of the sympathetic nervous system,
and regulation of hormone-sensitive lipases, which can
contribute to lipolysis [9].

Currently, clinical investigations into the relationship
between SDB and dyslipidemia are limited and con-
troversial. The variability in the results may be due to
differences in study samples, and findings from hospi-
tal-based studies may not be applicable to community-
based populations. A study in Spain showed that lower
levels of mean nocturnal oxygen saturation (meanSpO2)
were associated with dyslipidemia in a sample of 809
adults [10]. A clinical study in Brazil examined the cor-
relation between total cholesterol (TC), triglycerides
(TG), and meanSpO2 in adults aged 18-65 years and
revealed a negative correlation between these variables
[11]. Similarly, a clinical sample study in France found
that higher levels of oxygen desaturation index (ODI)
were linked to elevated levels of serum triglycerides
among participants [12]. However, among adult males
in the general population of Australia, no significant
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association has been found between hypoxia param-
eters and lipid measures [13].

Currently, community-based research on SDB is lack-
ing. However, the use of a Type IV sleep monitor could
be a valuable tool for screening of SDB in the general
population residing in communities, as it allows for easy
measurement of nocturnal hypoxemia. By implement-
ing community-based screening, asymptomatic SDB and
the associated cardiovascular risks can be detected early.
This study investigated the correlation between noctur-
nal hypoxemia and blood lipid levels in adult community
residents with SDB. Additionally, this study aimed to
determine the parameters of nocturnal hypoxia that dis-
play the strongest correlation with lipid levels. This study
is important for informing public health initiatives that
target the early detection and management of cardiovas-
cular risks in individuals with SDB. It is worth noting that
obesity is a significant confounding factor that should
be considered when examining the association between
SDB and blood lipids [14, 15]. To address this potential
confounding effect, the mediating effect of waist circum-
ference on this relationship. Moreover, a subgroup analy-
sis stratified by waist circumference was conducted to
further explore potential correlations.

Due to the limited availability of community-based
research, the objective of this study was to establish a
correlation between nighttime hypoxemia and serum
lipid levels in individuals residing in the community. It is
imperative to conduct community-based studies in order
to identify unconventional or asymptomatic SDB in indi-
viduals who are commonly perceived to have a low risk of
SDB. The current study hypothesis was that blood oxy-
gen parameters are connected to blood lipid parameters
in patients with SDB and that obesity may influence this
relationship.

Methods

Study participants

This cross-sectional study, known as the Guangdong
Sleep Health Study, was conducted across multiple
sites by the Institute of Basic Medicine of the Chinese
Academy of Medical Sciences and the Guangdong Pro-
vincial People’s Hospital. The research methodology
implemented in this study was built upon a previously
published study [16]. Data were collected over a six-
week period from April 9 to May 18, 2021, and partici-
pants were recruited from community settings in two
cities, Shantou and Meizhou. This study involved five
components: a questionnaire, physical examination,
blood tests, bone mineral density analysis, and screen-
ing for sleep apnea. Through a rigorous screening pro-
cess, 1052 participants were selected from an initial
pool of 3829 patients who underwent effective sleep



Feng et al. Lipids in Health and Disease (2023) 22:159

monitoring. The selected participants comprised the
final dataset used in the analysis.

Exclusion criteria were applied to the participants
according to the following factors: (1) absence of sleep-
disordered breathing (n=2651); (2) lack of lipoprotein
data (n=34); (3) use of lipid-lowering drugs (n=44);
(4) taking sedative hypnotic drugs (n=26); and (5) pre-
vious treatment for sleep apnea (n=22).

The study protocol was approved by the Ethics Com-
mittee of Guangdong Provincial People’s Hospi-
tal (GDREC2020221H) and all participants provided
informed consent prior to their involvement in the study.

Nocturnal blood oxygen monitoring

The study employed a trustworthy type-IV sleep-moni-
toring device (Figures S1 and S2) developed by Chengdu
CloudCare Healthcare Co. Ltd. to monitor the sleep pat-
terns of the participants [17]. The device recorded vari-
ous parameters during the monitoring process, including
3% or 4% ODI, meanSpO2, lowest level of oxygen satu-
ration observed during sleep (minSpO2), and time of
oxygen saturation less than 90% (T90). A significant ODI
value of >7.0 events/h was considered as an indication of
the presence of SDB.

Physical examination

During the physical examination, several measurements
were obtained, including height, weight, and blood pres-
sure. The height of the individuals was measured with
great precision, ensuring accuracy to the nearest 0.1 cm.
In order to determine their body weight, a Tanita bc-420
model body composition analyzer from Japan was uti-
lized. For blood pressure measurements, a digital blood
pressure meter (Omron HEM-907, Japan) was used.
Trained investigators measured blood pressure three
times and subsequently averaged the results. Participants
were instructed to rest for 5-10 min prior to blood pres-
sure measurement, refraining from any exercise, alcohol
consumption, smoking, or drinking tea for at least 30 min

beforehand.

Blood index

Blood samples were obtained from every individual fol-
lowing an 8-h period of fasting. The collection, trans-
portation, processing, storage, and analysis of the blood
samples were all carried out in accordance with estab-
lished protocols that have been documented in previous
publications [16].

Structural questionnaire

Each participant completed a comprehensive ques-
tionnaire that gathered information on various factors,
including age, sex, smoking habits, alcohol consumption,
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and frequency of physical exercise (ranging from 5-7
to days per week to never exercising). Additionally, par-
ticipants were asked about their medical history, specifi-
cally regarding conditions such as hypertension, diabetes,
and cardiovascular disease. Individuals were classified as
alcohol drinkers if they consumed an average of 50 g or
more of alcohol per day for a minimum of one year. How-
ever, those who only occasionally drank or consumed a
small amount of alcohol during festive occasions such as
the Spring Festival were not classified as regular drinkers.
The amount of alcohol consumed in grams was calcu-
lated by multiplying the volume of alcohol consumed in
milliliters by the alcohol content in percentage, and then
multiplying the product by 0.8. Individuals were classi-
fied as smokers if they smoked an average of one or more
cigarettes per day for a minimum of six months. The
threshold for consideration as a smoker was set at 150
cigarettes smoked in total within the specified timeframe,
and any participant who met any of the above conditions
for alcohol consumption or smoking habits was catego-
rized accordingly in the study.

Variables

In this study, nocturnal blood oxygen parameters were
considered as independent variables, specifically ODI,
minSpO2, meanSpO2, T90, and T90%. In contrast,
dyslipidemia was the dependent variable, which was
defined by TC>6.2 mmol/L, low-density lipoprotein
cholesterol(LDL-C)>4.1 mmol/L, high-density lipo-
protein cholesterol (HDL-C)<1.0 mmol/L, or TG>2.3
mmol/L [18].

Several covariates were included in this study, and both
continuous and grouped variables were considered. The
continuous variables comprised age (in years), AST (in
umol/l), fasting blood glucose (in umol/l), and creatinine
(in umol/l). The grouped variables included sex (male,
female), waistline categories (<95 c¢cm, 95-100 c¢m, > 100
cm), education level (lower than high school, higher than
high school), presence of diabetes (yes, no), presence of
hypertension (yes, no), smoking status (present, past,
none), drinking status (present, past, none), marital sta-
tus (single, married, divorced, widowed), and frequency
of physical exercise (ranging from 5-7 days per week to
never exercising).

The waistline categories were defined as follows: <95
cm indicated a healthy waistline, 95-100 cm suggested
an increased risk of health complications, and>100
cm indicated a high-risk waistline. Physical exercise
was defined as the frequency of exercise per week or
month. Hypertension is typically characterized by the
administration of antihypertensive medications and/or
a systolic/diastolic blood pressure equal to or exceed-
ing 140 mmHg/90 mmHg, respectively [19]. Diabetes
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is specifically characterized by a fasting blood glucose
level equal to or exceeding 7 mmol/L, or the utilization
of drugs designated for the management of diabetes, such
as oral hypoglycemic medications and/or insulin [20].
Previously published literature provides additional details
regarding demographic data, physical examination data,
the process of measuring lipoprotein levels, and the col-
lection of other covariates [16].

Statistical analyses and missing data

Continuous variables are typically represented by their
mean plus or minus the standard deviation, illustrat-
ing both the central tendency and variability of the data.
On the other hand, categorical variables are typically
depicted by their frequencies and percentages, provid-
ing a breakdown of the data into distinct categories and
showing the relative proportions of each category. In the
analysis, various statistical tests were used depending on
the data distribution. The chi-square test was used for
categorical variables, while the Student’s t-test was used
for variables that followed a normal distribution. For
variables with a skewed distribution, the Mann—Whit-
ney U test was utilized to explore the differences between
the groups with and without hyperlipidemia. To assess
the association between nocturnal hypoxia parameters
and hyperlipidemia, univariate and multivariate logistic
regression models were used. These models were built
using a stepwise approach, with three distinct models.

For missing data, a comprehensive list of each variable
is presented in the Supplementary Material (Table S1).
A comparative sensitivity analysis was conducted to
address the issue of missing dependent variables. This
analysis aimed to determine whether there were any
differences between the participants with and with-
out known lipoprotein data. This study aimed to assess
whether missing lipoprotein data affected the validity of
this study’s findings [21]. Comparative analysis revealed
that most variables were similar between the two groups,
indicating that missing lipoprotein data were not signifi-
cantly biased (Table S2).

To address the missing covariates in this study, mul-
tiple imputation method using chained equations was
employed. This approach was used to mitigate potential
biases caused by selection bias or unavailable informa-
tion. By imputing the missing covariate data, multiple
complete sets of data were created, ensuring that the
analysis was based on a representative sample that
accounted for any missing values [22]. Rubin’s rules were
employed to combine the results obtained from the anal-
ysis of five imputed datasets [23]. These results indicate
that there was no significant difference between the com-
plete dataset and raw data, as shown in Table S3.
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Step 1: Collinear diagnostics were conducted to screen
for covariates and eliminate any possible multicollinear-
ity between variables. Specifically, the factors with vari-
ance expansion coefficients exceeding 10 were discarded,
as shown in Table S4. Additionally, the covariances were
adjusted if they resulted in a change of at least 10% in
the matched odds ratio when added to the model or if
they were significantly associated with hyperlipidemia,
as shown in Tables S5 and S6 [24]. Three versions of
these models were developed. Model 1, the non-adjusted
model, did not include covariates. Model 2, the mini-
mally adjusted model, was adjusted only for sociode-
mographic variables. Finally, Model 3, the fully adjusted
model, involved adjusting for all covariates.

Step 2: Due to concerns about the limitations of the
logistic regression model in handling nonlinear mod-
els, a Generalized Additive Model and smooth curve-
fitting technique were employed to address the potential
nonlinearity between meanSpO2 and hyperlipidemia.
When nonlinearity was detected, a recursive algorithm
was employed to calculate the inflection points. Subse-
quently, a two-piecewise binary logistic regression model
was constructed.

Step 3: Subgroup analyses were conducted using a
stratified binary logistic regression model. A likelihood
ratio test was used to investigate the effect of modifica-
tion of the subgroup indicators. A mediation study was
conducted to determine the extent to which waist cir-
cumference mediated the influence of meanSpO2 on
hyperlipidemia. The analysis of the mediation effect
has employed three equations to examine the relation-
ship between the independent variable (meanSpO2),
the mediator variable (waist circumference), and the
dependent variable (dyslipidaemia). In order to control
for potential confounding factors, variables such as age,
sex, education level, marital status, physical exercise,
cigarette smoking, alcohol use, diabetes, hypertension,
AST, fasting blood glucose, and creatinine were included
in the equation. The mediation proportion was utilized to
assess the extent of the mediation effect in this particular
study.

A sensitivity study was carried out with the aim of
guaranteeing the resilience and accuracy of the data anal-
ysis process. The meanSpO2 was categorized into quar-
tiles and P values were subsequently calculated for trend
analysis. This was done to confirm the study findings
regarding the meanSpO2 as a continuous variable and to
explore any potential nonlinearities.

For statistical analyses, the R software package (version
4.1.2) and EmpowerStats (X&Y Solutions, Inc, Boston,
MA) were used. P-values <0.05 were considered statisti-
cally significant.
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Results

Baseline characteristics of the participants

A flow chart representing the process of research reg-
istration is shown in Figure S3. Table S8 shown base-
line characteristics of the participants with and without
sleep-disordered breathing and Table 1 highlights the
distribution of clinical characteristics among 1052 indi-
viduals with SDB residing in a community. The partici-
pants’ age varied from 20-90 years, with an average age
of 56.15+13.11 years. Of the total sample size, 55.7%
were male. It is worth mentioning that individuals diag-
nosed with hyperlipidemia were comparatively younger
and exhibited lower meanSpO2 values when compared to
those without hyperlipidemia. No significant differences
were observed in the distribution of the ODI, minSpO2,
or T90 between the two groups.

Nocturnal hypoxemia and hyperlipidemia
The objective of this study was to investigate vari-
ous markers of nocturnal hypoxia, including ODI,
minSpO2, meanSp0O2, T90, and T90%, and to deter-
mine their sensitivity for predicting hyperlipidemia
(Table 2). These markers were initially incorporated
into a logistic model without adjusting for the covari-
ates. The results indicated that for each 1 percentage
increase in meanSpO2, there was a 7% decrease in like-
lihood of developing of hyperlipidemia, as indicated by
an odds ratio (OR) of 0.93 and a 95% confidence inter-
val (CI) of 0.87-0.99 (P<0.001). In the model with
minimal adjustments, the OR trends of the odds ratio
remained unchanged. Once fully adjusted, there was
no significant change in the odds ratio. These consist-
ent findings, regardless of the adjustment strategies
employed, indicate that meanSpO2 is an independent
risk factor for hyperlipidemia; therefore, meanSpO2
was further categorized into quartiles for the purpose
of conducting a sensitivity analysis. The current study
results consistently demonstrated a significant trend
(P<0.01). Waist circumference may not accurately
reflect noncentral body fat deposition, which tends to
be more common in females [25]. BMI was included
in this study’s adjusted analyses, and the results con-
sistently supported the study findings (Table S9). The
relationship between specific lipid profile parameters
and oxygen desaturation parameters was examined.
The present study revealed a negative correlation
between minSpO2 and HDL-C levels (Table S10, S11).
Additionally, non-equidistant variations in the odds
ratio suggested a potential nonlinear relationship
between the meanSpO2 and hyperlipidemia (Fig. 1).
The inflection points were identified by implementing
a two-piecewise linear regression model (Table 3). A
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sensitivity analysis revealed that nonlinear trends were
similar before and after imputation (Figure S4).

Subgroup analysis

In individuals diagnosed with SDB, subgroup analysis
was conducted using waist circumference as a determin-
ing factor (Fig. 2). The findings revealed a noteworthy
association between the meanSpO2 and hyperlipidemia
in patients with a waist circumference <95 cm. No inter-
actions were observed during this analysis.

Mediation analysis

After adjusting for covariates, waist circumference was
found to play a significant role in mediating the associa-
tion between meanSpO2 and hyperlipidemia. Notably,
the data indicated that waist circumference accounted
for approximately 30.6% of the association between the
meanSpO2 and hyperlipidemia (Figure S5 and Table S7).

Discussion

To the best of our knowledge, this research constitutes
the initial documentation on the utilization of type IV
wearable technology for monitoring sleep patterns within
a sizable community. After adjusting for covariates, the
findings indicate that meanSpO2 was independently
linked to dyslipidemia for all examined nocturnal blood
oxygen parameters. Waist circumference may not accu-
rately reflect noncentral body fat deposition, which tends
to be more common in females [25]. BMI was included
in this study’s adjusted analyses, and the results consist-
ently supported the study findings. Additionally, when
stratified by waistline, a significant association between
the meanSpO2 and dyslipidemia was observed in com-
munities without central obesity. It was intriguing to
investigate which specific parameters of the lipid profile
were associated with oxygen desaturation parameters
[26, 27]. The present study revealed a negative correlation
between minSpO2 and HDL-C levels.

The results obtained from the regression model in the
present study are consistent with those reported in a pre-
vious cross-sectional study by Martinez et al. [10]. Their
study focused on high-risk groups with SDB in hospitals.
The analysis performed by Martinez et al. demonstrated a
significant association between a decrease in meanSpO2
and dyslipidemia. This association remained significant
even after adjusting for potential confounding factors
such as age, sex, and BMI. However, it is important to
note that the adjustments made by Martinez et al. were
not comprehensive, as they did not consider other influ-
ential factors such as drinking, smoking, and exercise.
Considering the close relationship between these factors
and dyslipidemia, the validity of their conclusions may be
questioned [28, 29]. Furthermore, another study reported
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Table 1 Baseline characteristics of participants
Characteristics All Participants With Dyslipidaemia Without Dyslipidaemia P-value
(n=1052) (n=560) (n=492)
Age (years) 56.15+13.11 5499+13.97 5747+11.95 0.002
Sex (%) 0.004
Female 466 (44.30%) 225 (40.18%) 241 (48.98%)
Male 586 (55.70%) 335 (59.82%) 251 (51.02%)
Martial Status (%) 0.042
Single 43 (4.09%) 31 (5.54%) 12 (2.44%)
Married 929 (88.31%) 490 (87.50%) 439 (89.23%)
Divorce 12 (1.14%) 8(1.43%) 4(0.81%)
Widowed 67 (6.37%) 30 (5.36%) 37 (7.52%)
Education (%) 0171
Less than high school 499 (47.43%) 253 (45.18%) 246 (50.00%)
High school 292 (27.76%) 156 (27.86%) 136 (27.64%)
More than high school 261 (24.81%) 151 (26.96%) 110 (22.36%)
Waist circumference(%) 0.124
<95cm 839 (79.75%) 461 (82.32%) 378 (76.83%)
95-100 cm 98 (9.32%) 43 (7.68%) 55(11.18%)
>100cm 79 (7.51%) 40 (7.14%) 39 (7.93%)
Physical exercise (%) 0.524
5-7 days per week 588 (55.89%) 316 (56.43%) 272 (55.28%)
3-4 days per week 101 (9.60%) 57 (10.18%) 44 (8.94%)
1-2 days per week 108 (10.27%) 61 (10.89%) 47 (9.55%)
<3 days per month 77 (7.32%) 35(6.25%) 42 (8.54%)
never exercising 177 (16.83%) 91 (16.25%) 86 (17.48%)
Cigarette smoking(%) <0.001
No 805 (76.52%) 449 (80.18%) 356 (72.36%)
Former 66 (6.27%) 38 (6.79%) 28 (5.69%)
Current 181 (17.21%) 73 (13.04%) 108 (21.95%)
Alcohol use (%) 0.102
No 818 (77.76%) 447 (79.82%) 371 (7541%)
Former 23 (2.19%) 14 (2.50%) 9 (1.83%)
Current 211 (20.06%) 99 (17.68%) 112 (22.76%)
Diabetes(%) 0.141
No 905 (86.03%) 490 (87.50%) 415 (84.35%)
Yes 147 (13.97%) 70 (12.50%) 77 (15.65%)
Hypertension(%) 0.003
No 640 (60.84%) 364 (65.00%) 276 (56.10%)
Yes 412 (39.16%) 196 (35.00%) 216 (43.90%)
MeanSpO2 95424202 95.59+1.96 95.23+2.06 0.004
MinSpO2 81.85+4.96 81.95+4.80 81.75+5.14 0514
T90% 506+1032 4.98+9.98 5.16+10.71 0.789
T90(s) 1060.07 £2053.64 1039.48+1979.30 1083.51+£2136.89 0.729
ODI( events/h) 13.80+7.59 1346+7.16 14.18+8.04 0.122
Total cholesterol (mg/dL) 565+1.07 521+067 6.16+1.20 <0.001
HDL-C (mg/dL) 134+038 145+033 1.21+£040 <0.001
LDL-C (mg/dL) 3.30+£0.87 3.01+0.57 3.64+1.01 <0.001
Triglycerides (mg/dL) 1.66+1.25 1.14+041 2254158 <0.001
AST (U/L) 24.78+10.72 24.19+11.69 2545+947 0.057
Fasting blood glucose(mmol/L) 6.00+ 145 588+1.25 6.13+1.65 0.006
Creatinine(umol/l) 74.66+22.75 729342325 76.63+22.02 0.008

Mean + SD for continuous variables. Percent for categorical variables

Abbreviations: ODI oxygen desaturation index, MinSpO2 lowest nocturnal oxygen saturation, MeanSpO2 nocturnal mean oxygen saturation, 790 night time spent with
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Table 1 (continued)

an oxygen saturation below 90%

Table 2 Odds ratios and 95% confidence intervals of dyslipidaemia among patients with SDB, according to sleep parameters
extracted from type IV sleep monitoring

Model 1 Model 2 Model 3
oDl 1.0127 (0.9966, 1.0290) 1.0086 (0.9922, 1.0254) 1.0087 (0.9915, 1.0263)
MeanSpO2 0.9129 (0.8566, 0.9728) 0.9283 (0.8714, 0.9888) 0.9303 (0.8719, 0.9925)
MinSpO2 0.9919 (0.9680, 1.0164) 0.9938 (0.9693, 1.0189) 0.9953 (0.9702, 1.0210)
T90% 1.0016 (0.9899, 1.0134) 1.0003 (0.9884, 1.0124) 1.0009 (0.9888, 1.0132)
T90 1.0000 (1.0000, 1.0001) 1.0000 (0.9999, 1.0001) 1.0000 (0.9999, 1.0001)

MeanSpO2 quartile

Q1 ref ref ref

Q2 0.8587 (0.6098, 1.2092) 0.8938 (0.6317, 1.2648) 0.9005 (0.6329, 1.2814)
Q3 0.7602 (0.5396, 1.0708) 0.8293 (0.5844, 1.1767) 0.8657 (0.6054, 1.2378)
Q4 0.5056 (0.3568, 0.7164) 0.5727 (0.3986, 0.8229) 0.5789 (0.3986, 0.8407)
P for trend 0.001 0.004 0.009

Model 1: no covariates were adjusted
Model 2: only sociodemographic variables were adjusted (age, sex, education level, marital status)
Model 3: all covariates presented in Table 1 were adjusted

Abbreviations: ODI oxygen desaturation index, MinSpO2 lowest nocturnal oxygen saturation, MeanSpO2 nocturnal mean oxygen saturation, T90 night time spent with
an oxygen saturation below 90%, T90% percentage of night time with oxygen saturation below 90%

04 05 06 0.7

OR (95%Cl)

03

02
1
&

T T T T T T T T

95 9% 97 98 9

MeanSp02,%

Fig. 1 The non-linear relationship between MeanSpO2 and Dyslipidaemia (Models adjusted for all covariates presented Table 1)

a negative correlation between meanSpO2, TC, and TG  with SDB-related symptoms. In contrast, the current
levels [11]. While this particular research was distinct in  study sample consisted mainly of asymptomatic individu-
terms of its target population and methodology, it had  als, and the severity of SDB was not specifically classified.
some limitations. Many prior studies have included only = These broad inclusion criteria render the current study
patients with moderate-to-severe SDB or individuals findings applicable to the general population.
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Table 3 The results of two-piecewise linear regression model

MeanSp0O2

Fitting model by standard linear regression 0.9334 (0.8747,0.9961)
Fitting model by two-piecewise linear regression

Inflection point of MeanSpO2 95
1.0053 (0.9186, 1.1001)

0.7964 (0.6835,0.9281)

<inflection point
>inflection point
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increase in the expression of key transcription factors
that play a crucial role in the biosynthesis of triglycerides.
These findings indicate a potential mechanism by which
intermittent hypoxia contributes to the dysregulation
of lipid metabolism [32]. Insulin effectively suppresses
the production of triglycerides in the liver, and various
research conducted on animals have found a potential
link between intermittent hypoxia and the development

P for log likelihood ratio test 0.024 of insulin resistance in lean mice [33]. In human studies,
Models adjusted for all covariates presented Table 1 it was found that non-obese individuals with SDB experi-
enced significant overnight increases in triglyceride levels
OR (95%Cl) P(interaction)
Age (years) 0.512
20-40 —— 0.898 (0.731, 1.102)
4160 N 0.887 (0.798, 0.985)
61-80 I 0.971(0.862, 1.094)
Sex 0.882
male B B 0.915(0.830, 1.009)
female —— 0.949 (0.868, 1.038)
Waist circumference 0.361
<95cm i 0.915 (0.849, 0.986)
95-100cm 1.063 (0.731, 1.546)
>100cm 1.044 (0.758, 1.438)
Any Hypertension 0.363
No —— 0.953 (0.880, 1.033)
Yes . 0.896 (0.793, 1.013)
Any Diabetes 0.32
No = = 0.947 (0.884, 1.014)
Yes - 0.738 (0.559, 0.975)

Fig. 2 Results of subgroup analysis and interaction test (Above models adjusted for all covariates presented Table 1.In each case, the model

is not adjusted for the stratification variable)

The importance of subgroup analysis in scientific
research cannot be overstated [30]. Unfortunately, the
two previously mentioned studies did not conduct inter-
action testing or subgroup analysis, which hindered
a comprehensive investigation of the true correlation
between meanSpO2 and dyslipidemia. To address this
gap, this study used age, sex, waist circumference, dia-
betes, and hypertension as stratifying variables for sub-
group analysis. The results of the analyses indicated that
there was no correlation between the meanSpO2 and
dyslipidemia in the central obese population. However, in
the non-central obese population, meanSpO2 was inde-
pendently associated with dyslipidemia. Interestingly,
among the non-obese subjects, nocturnal hypoxia result-
ing from SDB was linked to significantly higher triglycer-
ide concentrations compared to those in a control group
[31]. Furthermore, Li et al. made a significant discovery
regarding the effects of intermittent hypoxia on lean
mice. They observed that these mice exhibited a notable

[34]. Additionally, a small clinical study found distur-
bances in triglyceride metabolism in "healthy” men with
severe SDB, which improved with continuous positive
airway pressure (CPAP) therapy [35]. Collectively, these
findings suggest that SDB-induced nocturnal hypoxia
contributes to metabolic disorders involving blood
lipids, particularly in non-centrally obese individuals. It
is important to note that these outcomes were observed
only in thin participants. Furthermore, CPAP therapy has
demonstrated its efficacy in ameliorating insulin resist-
ance to a significantly higher degree among non-obese
individuals as compared to obese individuals [36].

The current study findings have significant implica-
tions in clinical settings. It is crucial for healthcare pro-
fessionals to closely monitor dyslipidemia, an early
indicator of atherosclerosis, in patients with SDB and
nocturnal hypoxia. To assess this, the meanSpO2 can
easily be extracted from a type IV sleep monitor. Of all
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the indexes, meanSpO2 best represents the correla-
tion between SDB and dyslipidemia, providing valuable
insights into the long-term effects of nocturnal hypox-
emia. It is worth mentioning that meanSpO2 is more
reliable than minSpO2 in reflecting the consequences
of persistent nocturnal hypoxemia. In addition, the T90
and ODI metrics play critical roles in highlighting the
impact of intermittent hypoxemia. It is essential to con-
sider these factors, particularly in individuals with dyslip-
idemia and slender builds. Therefore, screening for SDB
is even more important in such cases. Early detection and
intervention measures must be implemented to reduce
the risk of cardiovascular disease in these individuals.

According to a study conducted in the field, the preva-
lence of hyperlipidemia in patients with SDB is as high
as 50% [37]. However, despite this high prevalence, the
treatment rate for hyperlipidemia in patients with SDB
is quite low, at only 12% [38]. The exact nature of the
relationship between CPAP and blood lipid metabolism
in patients with SDB remains unclear despite numerous
clinical studies conducted on this topic and several trials
investigating the impact of CPAP on blood lipid metab-
olism in such patients. However, these trials involved
small sample sizes (<40) and short treatment periods of
no more than 6 months. Unfortunately, these trials have
not shown significant changes in plasma lipids follow-
ing CPAP treatment [39, 40]. A meta-analysis was con-
ducted to further explore the impact of CPAP therapy
on blood lipid levels in adult patients with SDB. This
analysis included six randomized controlled trials with
348 patients and 351 controls. The results of this analy-
sis indicated that CPAP treatment led to significant
reductions in TC, TG, and HDL-C levels. However, the
changes in LDL-C levels were not statistically significant
[41]. Although CPAP therapy can be beneficial in treat-
ing dyslipidemia in patients with SDB, it may not be the
most effective first-line treatment. Instead, lipid-lowering
medications may be a more suitable option. Addition-
ally, a 10-year follow-up study conducted by Monneret
in elderly patients with SDB revealed that the proportion
of high-risk dyslipidemia patients treated with statins
was significantly lower in the treated group than in the
untreated group [42].

Study strengths and limitations

This study has several strengths that improved its validity
and reliability. First, to ensure a diverse and representa-
tive sample, a large-scale random recruitment of com-
munity researchers was employed. Second, the potential
impact of missing data on the study results was recog-
nized and this concern was addressed using multiple
interpolation methods. Third, both the linear and non-
linear regression model were used to access relationships
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between meanSpO2 and dyslipidemia. Interestingly, the
presence of a non-linear relationship was uncovered.
Fourth, a rigorous statistical adjustment technique was
taken to effectively reduce any remaining confound-
ing factors that may have influenced the lipid. Fifth, the
inclusion of a subgroup analysis and interaction testing
enhanced the validity and reliability of the study find-
ings. Notably, the subgroup analysis uncovered that
meanSpO2 was independently predictive of dyslipidemia
in non-central obese individuals.

Although this study has many strengths, it is impor-
tant to acknowledge certain limitations. First, the design
of this investigation was analytical and cross-sectional,
which weakened the evidence of the association between
exposure and outcomes. To address this limitation, a fol-
low-up investigation is further planned to confirm these
findings. Second, the study participants were exclusively
of Chinese origin, which limits the generalizability of the
research outcomes to other ethnic groups.

Conclusion

The study findings indicate that the meanSpO2 is directly
associated with hyperlipidemia in community-dwelling
adults with SDB. Therefore, it is crucial to consider the pres-
ence of SDB when investigating high serum triglycerides in
lean males. An important conclusion drawn from this study
is the importance of community general practitioners in
recognizing and identifying SDB disorders at an early stage.
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