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Effects of sleep-disordered breathing kA
on serum lipid levels in children:a case control
study
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Abstract

Background Sleep-disordered breathing (SDB) during childhood is common and includes a range of breathing
abnormalities that range from primary snoring (PS) to obstructive sleep apnea syndrome (OSAS).Studies have shown
that not only OSAS, but also PS, which is originally considered harmless, could cause cardiovascular, cognitive,
behavioral, and psychosocial problems. Many researches are focused on the relation of OSA and serum lipid levels.
However, little studies are focused on PS and serum lipid levels in children.We evaluated whether serum lipid (total
cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C),low-density lipoprotein cholesterol
(LDL-Q)) concentrations were associated with specific components of SDB, including indices of oxygen reduction
index, lowest oxygen saturation, mean oxygen saturation. And we explored whether serum lipid levels were
associated with different degree sleep disordered (PS and OSA group) and obese.

Methods This was a cross-sectional study. Children who were complained by their guardians with habitual snoring
and(or) mouth breathing were collected in the SDB group. Normal children without sleep problem were matched in
the control group. Subjects in the SDB group underwent polysomnography. The serum lipid profiles of all the children
included TC, TG, HDL-C and LDL-C concentrations were measured by appropriate enzymatic assays.

Results A total of 241 with Apnea/Hypopnea Index =5 (AHI) were assigned to the OSAS group and the remaining
155 with normal AHI were assigned to the PS group. The values of TC, TG, LDL-C and LDL/HDL were significantly
higher in the OSAS group than in the PS group, and the values in the PS group were significantly higher than

the control group. Multiple regression analysis revealed serum TG only correlated negatively with lowest oxygen
saturation. Body mass index-z score has a positive effect on TG in all the 1310 children (P=0.031) and in SDB 396
children(P=0.012). The level of serum TG in obese group was significantly higher than that in non-obese group.

Conclusions SDB had a very obvious effect on blood lipids, whereas PS without apnea and hypoxia. Obese only
affects the aggregation of TG.
Trial registration ChiCTR1900026807(2019.10.23).
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Background

Sleep-disordered breathing (SDB) during childhood is
common and includes a range of breathing abnormalities
that range from primary snoring (PS) to obstructive sleep
apnea syndrome (OSAS).PS is also referred to as simple
or non-apneic snoring, and is regarded as the mildest
form of SDB that does not have severe medical conse-
quences. The most severe manifestation of SDB is OSAS,
which is characterized by repeated episodes of upper-air-
way obstruction during sleep [1].

SDB is increasingly recognized as contributing to a
substantive public health burden in both adults and chil-
dren. Studies in pediatric populations have shown an
association between SDB and alterations in metabolic
syndrome, systemic blood pressure levels, echocardio-
graphic findings and insulin resistance [2—4].These alter-
ations seem to occur primarily in children with moderate
to severe OSAS. Studies over the years have shown that
not only OSAS, but also PS, which was originally con-
sidered harmless, can cause cardiovascular, cognitive,
behavioral, and psychosocial problems [5, 6].Research on
SDB, particularly in relation to PS and serum lipid levels
in children, is sparse.

In this report, we reported the difference in serum lipid
levels between normal children and children with SDB.
We also quantified the association between serum lipid
level and of children who had undergone standardized
assessment of SDB by PSG. Using the AHI score, children
with SDB were divided into the PS and OSA group. We
addressed the hypothesis that serum lipid level was more
pronounced among children with SDB than in those
without SDB. In addition, we evaluated whether the asso-
ciation between serum lipid and SDB was independent of
sex, age and course whether serum lipid was associated
with specific components of SDB, including indices of
oxygen reduction index, lowest oxygen saturation, mean
oxygen saturation. Finally, we explored whether individ-
ual measures of serum lipid were associated with SDB
independently of obese (Body mass index-z score, BMI-z
score).

Methods

Subjects and physical assessment

The cross-sectional study: between December 2019 and
December 2022, children who were complained by their
guardians with SDB (habitual snoring and(or) mouth
breathing more than 6 months) were collected in the SDB
group. Normal children without snoring and mouths
breathing at the same time were matched in the control
group. Children were excluded from the study if they had
an intercurrent upper respiratory tract infection or sys-
temic infection within 4 weeks of recruitment, a history
of tonsillectomy and(or) adenoidectomy, neuromuscular
disease, craniofacial syndromes, cerebral palsy, sickle cell
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disease, mucopolysaccharide storage disease, immunode-
ficiency and mental or physical impairment.

The weight and standing height of the subjects were
measured with a calibrated weighing scale and stadi-
ometer according to standard anthropometric methods.
Body mass index(BMI) was calculated as weight/height?
(kg/m?), and the z -score was derived using CDC refer-
ence data [7]. Children were defined as obese if their BMI
-z score was greater than 1.645 [8], relative to age and
gender.

Polysomnography

Subjects in the SDB group underwent polysomnography,
and performed using with an ambulatory polygraphic
device. Obstructive apnea was defined as the absence
of oronasal airflow for at least 2 breaths during. Central
apnea was defined as the absence of oronasal airflow
for at least 2 breaths during associated with an absence
of inspiratory effort. Hypopnea was defined as at least a
50% reduction in oronasal airflow for at least 2 breaths
during associated with at least a 3% decrease in oxygen
saturation. The AHI was calculated as the mean number
of apneas and hypopneas per hour of sleep. The obstruc-
tive and central apnea indexes were calculated as the
mean number of obstructive and central apneas per hour
of sleep, respectively. Subjects with an AHI score of >5
score were designated as normal. AHI, oxygen reduc-
tion index (ORI), lowest oxygen saturation(L-SpO2), and
mean oxygen saturation(M-SpO2) were recorded.

Serum lipid measurement

Venous blood samples of experimental group were col-
lected in the overnight fasting state after polysomnog-
raphy. Blood samples of control group were collected on
the morning of physical examination day after an over-
night fast of at least 8 h. The lipid profile included total
cholesterol (TC), triglyceride (TG), high-density lipopro-
tein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C) concentrations, which were mea-
sured by appropriate enzymatic assays.

The study was approved by the Biomedical Research
Ethics Committee of the West China Hospital of Sichuan
University. Written informed consent was obtained from
each patient before the study.

Statistical analysis

Continuous data are expressed as mean+SD. Continu-
ous data between the groups were compared using the
unpaired t test or the Mann-Whitney U test. Categorical
data between the groups were compared using the Fisher
exact test or the x2 test. Spearman rank correlations were
used to examine correlations between the continuous
variables. Univariate and multiple regression analyses
were performed to determine variables associated with
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Table 1 Patient characteristics and overnight polysomnographic results
Control PS OSA Pvalue
(n=914) (n=155) (n=241)

Age, yrs 4(3-7) 6 (4-7) 5(4-7) 0.141
Male, n(%) 537 (58.8) 95 (61.3) 169 (70.1) 0.006
BMI-Z -0.19 (-0.78 t0 0.56) -0.21 (-0.94 t0 0.53) -0.17 (-0.88 t0 0.98) 0408
BMI-Z>1.65, n(%) 85 (9.3) 17 (11.0) 40 (16.6) 0.005
Course of disease 24 (12-36) 24 (12-36) 0.297
AHI 2(1.1-3.2) 12.3 (7.05-20.7) <0.001
Oxygen reduction index 4.4 (2.58-7.03) 15.3(8.15-24.7) <0.001
Lowest oxygen saturation 78 (67.75-85) 75 (66-82.75) 0.019
Mean oxygen saturation 96 (94-97) 95 (93-96) 0.040
Microarousal index 7.3(5-9.7) 10.9 (8.05-14.65) <0.001
Table 2 TC, TG, LDL-C, HDL-C and LDL-C/HDL-C in the OSAS, PS and control group

Control PS OSA Pvalue

(n=914) (n=155) (n=241)
TC 3.98(3.58-4.49) 4.10(3.75-4.57) 4.20 (3.67-4.63) 0.005
TG 0.73 (0.56-1.01) 0.76 (0.60-1.00) 0.80 (0.62-1.00) 0.044
LDL-C 2.15(1.77-2.56) 2.24(1.89- 265) 2.32(1.85-2.75) 0.004
HDL-C 1.56 (1.33-1.82) 1.54 (1.30-1.74) 48 (1.28-1.73) 0.016
LDL-C/HDL-C 1.38(1.10-1.74) 1.21-1.85) 52(1.23-1.93) <0.001

TC, LDL-C, HDL-C and LDL-C/HDL-C. Because body
mass index z-score (BMI-z), TG, AHI, ORI, L-SpO2,
M-SpO2 were not normally distributed, logarithmically
transformed values of these variables were used in the
analyses. Multiple regression analysis was performed
using explanatory variables that showed P<0.05 on uni-
variate analysis. A P<0.05 was considered to be statisti-
cally significant. All analyses were performed using SPSS
software (version 22.0; IBM SPSS, Armonk, NY, USA).

Results

Patient characteristics and overnight polysomnographic
findings

A total of 1310 children were concluded in the study.
In the SDB group, a total of 396 subjects with breath-
ing problems having PSG results were recorded. And
241 with AHI>5 were assigned to the OSAS group and
the remaining 155 with AHI<5 were assigned to the
PS group. Nine hundred and fourteen normal children
without sleeping problems during the same period were
collected in the control group. Patient characteristics
and overnight polysomnographic results were shown in
Table 1.

From the Table 1, boys and obese children were signifi-
cantly more in OSA group than in PS group, and more
common in the PS group than in the control group. No
statistical difference was shown in age among the three
groups. Course of disease between PS and OSAS groups
have no difference.

SDB leading to abnormal serum lipid parameters

SDB group were divided into the OSAS group and the
PS group. From Table 2, we could see that the values of
TC, TG, LDL-C and LDL/HDL were significantly higher
in the OSAS group than in the PS group, and the values
in the PS group were significantly higher than the con-
trol group. While the HDL-C in the OSAS group was sig-
nificantly lower than that in the PS group, and this in the
PS group was significantly lower than that in the normal
group.

Multiple regression analysis revealed that after adjust-
ing age, gender, course of disease and BMI-z score, serum
TG only correlated negatively with L-SpO2. Except that
the lowest oxygen saturation had negatively effect on
TG, night oxygen saturation (oxygen desaturation index,
L-SpO2, M-Sp0O2) have no effects on other blood lipid
parameters (TC, LDL-C, HDL-C and LDL-C/HDL-C).
(Table 3)

Obesity leads to abnormal serum TG metabolism

We adjusted for factors such as age, course of disease and
gender, and found that there was still a close relationship
between BMI-Z and TG in all children(N=1310) and
SDB children(n=396). BMI-z score has a positive effect
on TG in all the 1310 children (P=0.031) and in SDB 396
children(P<0.001).

We divided all the subjects and SDB groups into obese
and non-obese groups. The LDLC/HDLC of obese chil-
dren was significantly higher than that of non-obese chil-
dren of SDB children. The HDLC of obese children was
significantly lower than that of non-obese children of
SDB children. The level of serum TG in obese group was
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Table 3 Multiple regression analysis the relationship between blood lipid parameters and overnight polysomnographic results

TC TG LDLC HDLC LDLC/HDLC
B (95% Cl) P B (95% CI) P B (95% CI) P B (95% CI) P B (95% Cl) P
AHI -0.001 (-0.017t0 0.018) 0.968 0.005 (-0.003 to 0234 -0.001 (-0.015 0918 0.001(-0.007 0914 -0.002(-0.013 0.798
0.013) t0 0.013) to0 0.007) 10 0.010)

Oxygen reduc-  -0.003 (-0.020t0 0.013) 0.681 -0.007 (-0.014 to 0.069 0.001(-0.012 0909 -0.002(-0.008 0.638 0.004(-0.007 0.489
tion index 0.001) 10 0.014) to0 0.005) to 0.015)
Mean oxygen -0.004 (-0.017 t0 0.008) 0.501 -0.002 (-0.008 to 0518 -0.003(-0.013 0.584 -0.001(-0.007 0.598 0.001 (-0.008 0.892
saturation 0.004) to 0.008) to 0.004) to 0.009)
Lowest oxygen  -0.002 (-0.009 to 0.006) 0.636 -0.005 (-0.008 to 0.006 0.001(-0.006 0.989 0.001(-0.003 0.835 0.001 (-0.005 0.868
saturation -0.001) to 0.006) to 0.003) to 0.006)
Microarousal 0.016 (-0.004t0 0.035) 0.117 0.010(0.001t00.019) 0.026 0.010(-0.006 0.238 0.001 (-0.008 0.908 0.010(-0.004 0.154
index t0 0.026) to0 0.007) 10 0.023)
Table 4 TC, TG, LDL-C, HDL-C and LDL-C/HDL-C in obese and non-obese group

Total Children SBD Children

(n=1310) (n=396)

BMI-Z<1.65 BMI-Z>1.65 P value BMI-Z<1.65 BMI-Z>1.65 P value

(n=1168) (n=142) (n=339) (n=57)
TC 401 (3.60-4.54) 415 (3.59-4.60) 0.289 418 (3.70-4.61) 412 (3.65-4. 59) 0.674
TG 0.73 (0.57-0.99) 0.87 (0.59-1.14) 0.002 0.76 (0.61-0.98) 0.93(0.70-1.17) 0.004
LDL-C 8(1.81-2.59) 232 (1.82-261) 0.286 227 (1.87-2.71) 2.33(1.98-2. 70) 0.657
HDL-C 55(1.33-1.79) 146 (1.23-1.78) 0.074 1.53(1.33-1.75) 1.33(1.1 60) <0.001
LDL-C/HDL-C 41 (11 77) 149 (1.16-1.96) 0.078 1.45(1.21-1.86) W66(1.36—2.08) 0.006
Dyslipidemia 219 (1 88) 32(22.5) 0.279 61 (18.0) 16 (28.1) 0.075

Table 5 TC, TG, LDL-C, HDL-C and LDL-C/HDL-C in non-obese
group between SDB and control group

Control SDB Pvalue

(n=829) (n=339)
TC 3.96(3.58-4.48) 4.19 (3.71-4.63) 0.001
TG 0.72(0.56-1.11) 0.82(0.69-1.17) 0.057
LDL-C 4(1.73-2.60) 2.33(1.98-2.76) 0.003
HDL-C 1.58(1.31-1.89) 1.33(1.18-1.60) 0.184
LDL-C/HDL-C 1.34(1.13-1.80) 1.66(1.36-2.09) 0.002
Dyslipidemia 158 (19.1) 61(18.0) 0.141

significantly higher than that in non-obese group, regard-
less of whether it was the entire study population or chil-
dren with SDB (Table 4). TC, LDL-C and LDL-C/HDL-C
in SDB group was much higher than that in the control
group (Table 5).

Discussion
The main findings of the present study were as fol-
lows: (1) serum LDL-C, TG, TC and LDL-C/HDL-C
were much higher in OSA and PS group than control
group;(2) serum HDL-C were much lower in OSA and PS
group than control group;(3) multiple regression analy-
sis showed that nocturnal oxygen saturation (L-SpO2,
M-SpO2, ORI) and was not associated with TG, LDL-C,
HDL-C, LDL-C/HDL-C expect TG;(4) serum TG corre-
lated negatively with L-SpO2 and positively with BMI-z
and obesity.

Sleep disturbance in children can cause dyslipidemia,
which has been confirmed in many previous studies [9].

Redline et al.studied a group of teens and showed that
adolescents with sleep respiratory disorders have seven
times more chance of having metabolic alterations than
adolescents with no sleep disorders [3]. We found that
children with sleep disorder had worse blood lipid indi-
cators than children without sleep disorder. Even in the
PS group, which is considered as harmless [5], it is also
found that there is obvious blood lipid abnormality com-
pared with the normal group. The first interesting finding
of Lorenzo Loffredo s study is that endothelial dysfunc-
tion, high oxidative stress and NOX? activation charac-
terized not only in children with serious SDB, such as
those with OSA, but also in children with PS [10]. In our
three subgroups of OSAS group, serum lipid indicators
were not related to the degree of AHI. According to the
above analysis and our results, children with PS do not
experience intermittent hypoxia. Therefore, we speculate
that there may be other important reasons but L-SpO2
for abnormal blood lipid indicators in children caused by
SDB. In fact, the review study of Sun also found the patho-
genetic link of SDB with dyslipidemia remains obscure
[11]. It is also possible that the reason why SDB causes
lipid metabolism changes in children is may not hypoxia,
but a combination of many reasons like abnormal sleep
structure and shorter sleep during time leading to the
change of endothelial dysfunction, high oxidative stress,
NOX2 activation and other metabolic mechanism. With
regard to cross-sectional findings, one study reported
that longer sleep duration as measured objectively with
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actigraphy had a beneficial effect on overall lipid metabo-
lism in a community cohort of children aged 4-10 years
[10]. Shorter sleep duration, especially in the presence
of irregular sleep patterns, was associated with higher
plasma fasting insulin, low-density lipoprotein choles-
terol (LDL-C), and C-reactive protein concentrations
[12]. Fatma Kubra Sayin, noted a U-shape association
between sleep duration and metabolic risk factors, with
decreased HDL-C and decreased LDL-C and TG at lower
sleep durations [12]. It is possible that the short sleep
may lead to the dysregulation of adipokine secretion and
is thought to be the key events in promoting both sys-
temic metabolic dysfunction and cardiovascular disease.
The change of sleep structure and the shortening of sleep
duration can change many factors related to blood lipid
regulation, such as leptin, adiponectin, FGF, RBP4 and so
on [13]. Lipid metabolism is regulated by the circadian
system, and the expression of enzymes involved in lipid
metabolism is directly controlled by the circadian clock
genes [14]. We speculated the following explanations for
the positive association between the severity of SDB and
LDL-C, HDL-C and LDL/HDL. And in the none-obese
group we also found the abnormal TC, HDL-C and LDL/
HDL have relation with SDB. Chronic sympathetic ner-
vous activation caused by SDB even PS could increase the
synthesis of very low-density lipoprotein in the liver and
suppress the catabolism of LDL in the liver by stimulating
al-receptors, leading to a decrease in serum HDL-C and
an increase in serum LDL-C and thereby an increase in
LDL-C/HDL-C [9].

In the present study, L-SpO2 was independently associ-
ated with TG. Hepatic steatosis reversibly decreases via-
bility of hepatocytes after hypoxia and reoxygenation in
vitro [15]. It is hypothesized that in obesity, deregulation
of inflammatory adipocytes is a response to the hypoxia
that develops in adipocytes that are distant from the vas-
culature as adipose tissue expands; hypoxia directs the
inflammatory response to adipose tissue, which includes
new formation of veins [16]. This response to hypoxia is
mediated by the transcription factor HIF-1a, the activ-
ity of which is now considered to indicate hypoxia in
adipose tissue. Therefore, hypoxia may be one of the
mechanisms leading to abnormal TG and obese [17]. In
addition, sleep curtailment is associated with hormonal
changes including increased cortisol and ghrelin levels,
sympathovagal responses and reduced leptin [18]. Per-
sistent insulin resistance or the presence of SDB some-
how triggers weight gain. It is generally found that sleep
and obesity are important factors affecting serum lipid
metabolism in children. Li found obese children have
significantly lower circulating plasma adiponectin and
higher leptin levels than their nonobese counterparts,
irrespective of their OSA status [18]. The BMI-z but not
OSA was an independent predictor for both adiponectin
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and leptin. It is common knowledge that TG obese chil-
dren increase. The study of Verhulstet al. in subjects
who were overweight and obese showed that the severity
of SDB was independently correlated with a few factors
associated with metabolic dysregulation [19]. Obesity is
also a strong risk factor for adult SDB. Although data in
children are inconclusive, obesity has been described as
a risk factor for snoring or SDB in samples of older chil-
dren and adolescents [20]. Our data are consistent with
this and underscore the importance of overweight as an
SDB risk factor in adolescents.

We observed that male gender and short sleep dura-
tion were associated with obesity. Although gender is a
non-modifiable traditional cardiovascular risk factor, this
underscores the identification of male subjects for more
detailed evaluation and education on healthy sleep habits
[21].

In aggregate, these findings point to SDB, as a contrib-
uting cause of dyslipidemia in SDB, and suggest the need
for further research aimed both at elucidating the poten-
tial causal pathways that may link SDB and metabolic
dysfunction, and whether treatment of SDB improves
metabolic dysfunction in children.

Conclusion

SDB has a very obvious effect on blood lipids, whereas PS
without apnea and hypoxia at night also has an adverse
impact on children’s blood lipids metabolism. L-SpO2
maybe only affect TG, but have no significant impact on
TC, HDL-C, LDL-C and LDL/HDL. Obese (BMI-Z) only
affects the aggregation of TG and does not significantly
affect other blood lipid indicators. Our data may provide
some public health information and provide new insights
into the relationships between lifestyle habit and health.
These form the rationale for the development of inter-
ventional strategies and educational programs to pro-
mote healthy sleep habits in the young population.

Limitation

We did not have PSG results of control group for com-
parison. Because it is difficult to subject asymptomatic
children (control group) to an overnight sleep study.
Through epidemiological and clinical research, we can
analyze the relationship between children’s dyslipid-
emia and sleep, but as for the specific pathogenic factors
and the close degree of correlation, we need to conduct
genetic studies and analysis. Further studies are needed
to investigate the pathogenetic mechanisms in exploring
the causal relationship between sleep, obesity and lipid
metabolism.

Abbreviations

SDB Sleep-disordered breathing
PS Primary snoring
OSAS Obstructive sleep apnea syndrome
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TC Total cholesterol, TG:triglyceride

HDL-C High-density lipoprotein cholesterol

LDL-C Low-density lipoprotein cholesterol

-SpO2 Lowest oxygen saturation

M-SpO2  Mean oxygen saturation

BMI Body mass index

CDC Centers for Disease Control

AHI Apnea/Hypopnea Index

ORI Oxygen reduction index

-SpO2 Lowest oxygen saturation, M-SpO2:mean oxygen saturation

Acknowledgements

We are deeply grateful to every guardian and children who were agree to
participate in this study. Their joint efforts help us to get those results, and
those results maybe guide the future attention to children’s sleep problems
and metabolic disease.

Author contributions

Lei Lei (First Author): Conceptualization, Methodology, Funding Acquisition,
Software, Investigation, Writing-Original Draft; Xiaoyun Zhang: Data Curation,
Investigation, Software; Binbin Wang: Data Curation, Investigation; Fei Lei:
Perform sleep breathing monitoring for Children; Li Dai: Collect blood
samples for patients;Xiaoru Sun: Writing-Review & Editing; Yu Zhao: Validation,
Resources, Supervision;Ping Zhu: Statistic Analysis; Jian Zou (Corresponding
Author): Conceptualization, Funding Acquisition, Resources, Supervision,
Writing-Review & Editing.

Funding
This research was supported by the 1-3-5 project for disciplines of excellence—
Clinical Research Fund, West China Hospital.

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the Biomedical Research Ethics Committee of
the West China Hospital of Sichuan University. Written informed consent was
obtained from each guardian before they completed the questionnaire and
PSG.The consent to participate was list in the appendix.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 24 April 2023 / Accepted: 19 January 2024
Published online: 01 April 2024

References

1. Olsen M, Mignot E, Jennum PJ, Sorensen HBD, Robust. ECG-based detection
of sleep-disordered breathing in large population-based cohorts. Sleep
(2020)43: 1-11.https://doi.org/10.1093/sleep/zsz276.

2. KawanoY,Tamura A, Kadota J. Association between the severity of obstruc-
tive sleep apnea and the ratio of low-density lipoprotein cholesterol to
high-density lipoprotein cholesterol. Metabolism. 2012;61:186-92.

3. Redline S, Storfer-Isser A, Rosen CL, Johnson NL, Kirchner HL, Emancipator J,
et al. Association between metabolic syndrome and sleep-disordered breath-
ing in adolescents. Am J Respir Crit Care Med. 2007;176:401-8.

4. Vlahandonis A, Walter LM, Horne RSC. Does treatment of SDB in children
improve cardiovascular outcome? Sleep Med Rev. 2013;17:75-85.

Page 6 of 6

5. de Sousa Caixéta JA, Saramago AM, de Cacia Pradella-Hallinan ML, Moreira
GA, Tufik S, Fujita RR. Waist-to-height ratio distinguish obstructive sleep
apnea from primary snoring in obese children. Sleep and Breathing.
2014;19:231-7.

6. Cai X-H, Li X-C, Hu Q-Q Yu C-Y, Zhou Y-H, Su M-S, et al. Multiple system
morbidities associated with children with snore symptom. Pediatr Pulmonol.
2013;48:381-9.

7. Kuczmarski RJ, Ogden CL, Guo SS et al. 2000 CDC growth charts for the
United States: methods and development. National Center for Health Statis-
tics. Vital Health Stat 11(246). 2002.

8. Koren D, Gozal D, Philby MF, Bhattacharjee R, Kheirandish Gozal L.

Impact of obstrustive sleep apnoea on insulin resistance in non-
obese and obese children. Eur Respir J. 2016;47:1152-61. https://doi.
0rg/10.1183/13993003.01430-2015.

9. ZongJ, LiuY,Huang, Chen J, Gao L, Zhang C, Dong S, Chen X. Serum lipids
alterations in adenoid hypertrophy or adenotonsillar hypertrophy children
with sleep disordered breathing. Int J Pediatr Otorhinolaryngol. 2013;77:717-
20. https://doi.org/10.1016/j.ijporl.2013.01.025.

10. Loffredo L, Zicari AM, Occasi F, Perri L, Carnevale R, Angelico F et al. Endo-
thelial dysfunction and oxidative stress in children with sleep disordered
breathing: Role of NADPH oxidase. Atherosclerosis.(2015)240:222-7.

11. SunJ,Wang M, Yang L, Zhao M, Bovet P, Xi B. Sleep duration and cardiovas-
cular risk factors in children and adolescents: a systematic review. Sleep Med
Rev. (2020)53.

12. Sayin FK, Buyukinan MS. Duration and media Time have a major impact on
insulin resistance and metabolic risk factors in obese children and adoles-
cents. Child obses.(2016)12 : 272-8. https://doi.org/10.1089/chi.2015.0126.

13.  Leila Azadbakht PDRKMD, Mahdieh Khodarahmi MS, Qorbani M, Heshmat
R, Motlagh ME, Mahnaz Taslimi MS. Gelayol Ardalan. The association of sleep
duration and cardiometabolic risk factors in a national sample of children
and adolescents: the CASPIAN Il Study. Nutrition (2013):1131-41.

14. Kong AP, Wing YK, Choi KC, Li AM, Ko GT, Ma RC, Tong PC, Ho CS, Chan MH,
Ng MH, Lau J. Associations of sleep duration with obesity and serum lipid
profile in children and adolescents. Sleep Med. 2011;12:659-65. https://doi.
0rg/10.1016/j.sleep.2010. 12.015.

15. Berthiaume F, Barbe L, Mokuno Y, MacDonald AD, Jindal R, Yarmush ML. Ste-
atosis reversibly increases hepatocyte sensitivity to Hypoxia-Reoxygenation
Injury. J Surg Res. 2009;152:54-60.

16. Mejfa-Barradas CM, Del-Rio-Navarro BE, Dominguez-Lépez A, Campos-Rodri-
guez R, Martinez-Godinez Md-I-A, Rojas-Hernandez S, et al. The consumption
of n-3 polyunsaturated fatty acids differentially modulates gene expres-
sion of peroxisome proliferator-activated receptor alpha and gamma and
hypoxia-inducible factor 1 alpha in subcutaneous adipose tissue of obese
adolescents. Endocrine. 2013:45:98-105.

17. Morin R, Mauger J-F, Amaratunga R, Imbeault P. The effect of acute intermit-
tent hypoxia on postprandial triglyceride levels in humans: a randomized
crossover trial. J Translational Med. 2021;19:1-5.

18.  Li AM, Ng C, Ng SK, Chan MM, So HK, Chan |, Lam CW, Ng PC, Wing YK. Adipo-
kines in Children with Obstructive Sleep Apnea and the effects of Treatment.
Chest. 2010;137:529-35. https://doi.org/10.1378/chest.09-2153.

19.  Verhulst SL, Schrauwen N, Haentjens D, Rooman RP, Van Gaal L, De Backer
WA, Desager KN. Sleep-disordered breathing and the metabolic syndrome in
overweight and obese children and adolescents. J Pediatr. 2007;150:608-12.
https://doi.org/10.1016/}jpeds.2007.01.051.

20. Stefanini DO, Barros EL, Stefanini R, Pradella Hallinan ML, Pignatari SS,

Fujita RR. Comparing the clinical profile of non obese children with sleep
apnea and snoring. Braz J Otorhinolaryngol. 2012;78:22-6. https://doi.
0rg/10.5935/1808-8694.20120004.

21. Connelly PJ, Azizi Z, Alipour P, Delles C, Pilote L, Raparelli V. The importance
of gender to Understand Sex differences in Cardiovascular Disease. Can J
Cardiol. 2021,37:699-710.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1093/sleep/zsz276
https://doi.org/10.1183/13993003.01430-2015
https://doi.org/10.1183/13993003.01430-2015
https://doi.org/10.1016/j.ijporl.2013.01.025
https://doi.org/10.1089/chi.2015.0126
https://doi.org/10.1016/j.sleep.2010
https://doi.org/10.1016/j.sleep.2010
https://doi.org/10.1378/chest.09-2153
https://doi.org/10.1016/j.jpeds.2007.01.051
https://doi.org/10.5935/1808-8694.20120004
https://doi.org/10.5935/1808-8694.20120004

	﻿Effects of sleep-disordered breathing on serum lipid levels in children:a case control study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Subjects and physical assessment
	﻿Polysomnography
	﻿Serum lipid measurement
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics and overnight polysomnographic findings
	﻿SDB leading to abnormal serum lipid parameters
	﻿Obesity leads to abnormal serum TG metabolism

	﻿Discussion
	﻿Conclusion
	﻿Limitation

	﻿References


