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Obstructive sleep apnea and dyslipidemia are common medical disorders that independently increase vascular morbidity and
mortality. Current animal and human data show that, indeed, obstructive sleep apnea may mediate pathological alterations in
cholesterol and triglyceride metabolism. e mechanisms involved are increased lipolysis, decreased lipoprotein clearance, and
enhanced lipid output from the liver. Human evidence shows that the treatment of obstructive sleep apnea with continuous
positive airway pressure leads to an improvement of postprandial hyperlipidemia. However, more studies are needed, to clarify the
pathophysiology of the interrelationship between obstructive sleep apnea and dyslipidemia and whether treatment of obstructive
sleep apnea will lead to an improvement in the lipid pro�le and, more importantly, reduce hyperlipidemia-related vascular
outcomes.

1. Introduction

Obstructive sleep apnea (OSA) is a commonmedical disorder
affecting up to 24% of the general US population [1]. e
disorder is characterized by repetitive complete and/or partial
collapse of the upper airways. OSA is strongly associated
with vascular [2, 3], metabolic [4], and kidney diseases
[5]. erefore, OSA has to be approached not just as a
simple snoring problem, but rather should be considered
as a medical disorder with systemic features. is notion is
supported by the fact that OSA treatment may improve the
function of target organs [6].

Current evidence suggests that OSA disturbs fundamen-
tal biochemical processes and is associated with low-grade
systemic in�ammation and oxidative stress [7]. Indeed, this
may underlie the fact of why individuals affected with OSA
are at increased risk for comorbid diseases, particularly for
vascular diseases.

Dyslipidemia, on the other hand, is the group of disorders
of cholesterol (Ch) and/or triglyceride (TG)metabolismwith

a well-known detrimental impact on increased cardiovascu-
lar risk [8]. Furthermore, clinical evidence shows that OSA
may be independently associated with dyslipidemia [9–18]
and functional abnormalities of high-density lipoproteins
(HDL) [19]. Moreover, OSA-targeted therapeutic interven-
tion leads toward an improvement in the lipid pro�le [20–
24]. However, others have failed to �nd any association
between OSA and dyslipidemia in humans [25]. Differences
in research methodology and the studied population may
explain these con�icting results in clinical research on OSA
and dyslipidemia.

e goal of this paper is to summarize the current knowl-
edge on the pathogenesis of the potential interrelationship
between OSA and dyslipidemia. Firstly, we will brie�y
overview the metabolism of Ch and TG. Secondly, we will
discuss the data on increased lipid delivery to the liver inOSA
models, including data on increased lipolysis. irdly, data
on abnormal lipid clearance in OSA will be reviewed. Finally,
wewill discuss the evidence regarding howOSAmay increase
lipid synthesis in the liver.
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2. Overview of Cholesterol and
Triglyceride Metabolism

A detailed discussion of Ch and TG metabolism is beyond
the scope of this paper and can be found elsewhere [26]. e
aim of this section is to help the reader better understand the
biochemistry of Ch and TGmetabolism and to apply it to the
pathogenesis of OSA-related dyslipidemias.

ere are two main pathways of lipid metabolism: exoge-
nous and endogenous. �e will brie�y review the exogenous
pathway �rst, and then discuss the endogenous one.

e endogenous lipid pathway starts from the intestinal
absorption of dietary TG and Ch, which will be bound to
locally synthesized (small intestine) chylomicrons. Chylomi-
crons contain apolipoprotein (apo) B48 and will acquire apo
C II and apo E in the bloodstream from other lipoprotein
particles, particularly from HDL. Apo C II serves as a ligand
for the enzyme lipoprotein lipase (LPL), which is located
predominantly in the adipose tissue. LPL will hydrolase the
TG content of chylomicrons to form glycerol and free fatty
acids (FFA), which will be taken up by adipocyte for storage.
Subsequently, smaller chylomicron particles can transfer
some proteins to HDL and �nally be taken up by the liver
for Ch and TG turnover.

e exogenous lipid pathway starts in the liver and is
believed to be more clinically relevant to the initiation and
progression of the atherosclerotic process. Similar to the
endogenous pathway, the process starts with the formation
of lipoproteins rich in TG, particularly, very low-density
lipoproteins (VLDL). VLDL are smaller particles than chy-
lomicrons and contain apo B100 instead of apo B48. In
addition to apo B100, VLDL contain apo CII, apo C III, and
apo E. Similarly, apo C II activates LPL for the hydrolyzation
of the TG content, resulting in the formation of intermediate
density lipoproteins (IDLs). IDLs can be either taken up by
the liver through apo B 100 and apo E ligands or can be
converted into low-density lipoproteins (LDLs) by hepatic
lipase and cholesterol transfer from HDL. ereaer, Ch
can be used in bile acid synthesis, the production of steroid
hormones, or can be taken up by macrophages via scavenger
receptors with the subsequent formation of foam cells in the
arterial bed. In addition to this LDL can be oxidized in the
arterial wall and initiate proin�ammatory cascade, which is
known to be one of the major steps in the pathogenesis for
atherosclerosis [27].

HDL, which is formed in the liver and intestine, contains
apo A I, apo A II, apo A IV, apo C I–III, apo D, and
apo E. Some of these apolipoproteins will be transferred to
other particles, such as apo C II and apo E to chylomicrons.
HDL is capable of removing Ch from tissues via apo A I
and to a lesser extent via apo A-IV- and apo CI-mediated
activation of the lecithin cholesterol acyl transferase (LCAT)
enzyme. Ch carried on HDL can be transferred to apo B-
containing lipoproteins. It is generally believed that HDL
is protective against atherosclerosis and vascular disease;
however, some controversy exists regarding the so-called
protective role of HDL, mainly because no bene�t is seen
in terms of cardiovascular protection with increased HDL in
clinical trials [28].

3. Pathogenesis of OSA-Related
Dyslipidemia: Role of the Liver

3.1. Increased Lipid Delivery from the Adipose Tissue to the
Liver. Repetitive episodes of apneas and hypopneas lead to
a state of intermittent hypoxia (IH), which further alters
a myriad of key biochemical processes [29]. Indeed, IH is
able to increase gene expression of the hypoxia inducible
factor (HIF) family with subsequent propagation of in�am-
mation and an oxidative state [7]. Furthermore, IH increases
sympathetic output [30], which may particularly explain
why patients with OSA have a higher prevalence of arterial
hypertension and vascular diseases [2].

Indeed, catecholamine hormones via their insulin-
antagonizing effects modulate the activity of hormone sen-
sitive lipase (HSL) in the adipose tissue, leading to the break-
down of TG into FFA and glycerol, which then will be re-
synthesized in the liver and form VLDL [31]. Barceló et al.
showed that OSA patients have elevated levels of FFA, which
can lead to increased cardiovascular and metabolic risk [32].
Moreover, an increased amount of nocturnal FFA was shown
to be associated with accelerated cardiac disease progression
in patient with OSA and concomitant heart failure [33].

Subsequent FFA in�ux into the liver may lead to the
assembly of TG-rich VLDL and their further efflux into
the systemic circulation [34]. Aerwards, VLDL will be
converted into IDL by LPL, which can either be taken up by
the liver for further lipid turnover or can accept cholesterol
from HDL and become low-density lipoprotein (LDL) [35].

LDL cholesterol is notoriously known for its strong asso-
ciation with excessive cardiovascular morbidity and mortali-
ty [36]. Indeed, from a theoretical standpoint it is plausible
that OSA- and IH-mediated upregulation of sympathetic
nervous activity may decrease LDL clearance by blocking the
activity of lipoprotein lipase.

3.2. Abnormal Lipid Clearance in OSAModels. As it was pre-
viously mentioned, lipoproteins rich in TG are cleared from
the bloodstream via LPL-mediated hydrolysis. It is known
that LPL activity is maintained by insulin and decreased by
hormones such as cortisol and epinephrine that oppose the
actions of insulin [37].

Jun et al. recently showed that IH downregulates TG
clearance via a decrease in the activity of peroxisome
proliferator-activated receptor-alpha (PPAR-𝛼𝛼) [38]. PPAR-
𝛼𝛼 is a nuclear receptor implicated in the regulation of
transcriptional activity of multiple genes responsible for
lipid metabolism, including LPL. CD 36 is another PPAR-𝛼𝛼-
regulated factor responsible for FFA uptake into cells. It has
been shown that IH decreases CD36 and LPL activity via the
downregulation of PPAR-𝛼𝛼 transcription [38].

A human study performed by Luyster et al. showed that
OSA is associated with the LDL subclass B, which is known
to be more resistant to clearance from the bloodstream [39].
erefore, LDL subclass B hasmuchmore time to be oxidized
and lead to vascular damage [39]. e authors speculated
that insulin resistance associatedwithOSA leads to decreased
activity of LPL and subsequent formation of LDL subclass
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F 1: A simpli�ed overview of OSA-mediated hyperlipidemia.

B. On the top of that, as was mentioned previously, OSA
may lead to increase in LDL and decrease in HDL via the
stimulation of 𝛼𝛼 adrenergic receptors [24].

Current scienti�c evidence suggests that OSA is associ-
ated with oxidative stress [7], which may lead to the oxidative
modi�cation of HDL, and subse�uent dysfunction [19].

3.3. Increased Lipid Synthesis in OSAModels. On themolecu-
lar level, IH activates HIF, leading to a variety of fundamental
alterations relevant to both physiological adaptation and dis-
ease [29]. Li et al. showed that IH increases the transcription
of sterol regulatory element binding protein 1 (SREBP-1) and
further activates stearoyl-coenzyme A desaturase 1 (SCD-
1) in a mouse model of OSA [40]. SREBP-1 and SCD-1 are
key factors responsible for TG assembly. e same research
group con�rmed the previous �ndings regarding the IH-
mediated activation of SREBP-1 and SCD-1 [41]. However,
no association was found between changes in SREBP-2
and hydroxy-3-methylglutaryl-CoA reductase (key factors in
cholesterol biosynthesis) and IH.

Furthermore, researchers from Johns Hopkins University
in theUSA showed that the severity of IH is directly related to
hyperlipidemia and liver oxidative stress in a mouse model of
OSA [42]. Diet-induced dyslipidemia together with IH may
lead to an upregulation in lipid synthesis as was shown in a
C57BL/6J mouse model (these mice are relatively resistant
to atherosclerosis) [43]. Supporting the role of SCD-1 in
the development of dyslipidemia and atherosclerosis (at least
in an animal model of OSA) is the fact that mice lacking
functional SCD-1 have less dyslipidemia and atherosclerosis
[44, 45].

4. Conclusion

OSA and dyslipidemia are common medical disorders that
independently increase vascular morbidity and mortality.
Current animal and human data show that, indeed, OSA may
mediate pathological alterations in cholesterol and triglyc-
eride metabolism. e mechanisms involved are increased

lipolysis, decreased lipoprotein clearance, and enhanced
lipid output from the liver. A simpli�ed overview of OSA-
mediated hyperlipidemia is presented in Figure 1.

Human evidence shows that the treatment of OSA with
continuous positive airway pressure leads to an improvement
of postprandial hyperlipidemia. However, more studies are
needed, to clarify the pathophysiology of the interrelation-
ship between OSA and dyslipidemia and whether treatment
of OSA will lead to an improvement in the lipid pro�le and,
more importantly, reduce hyperlipidemia-related vascular
outcomes.

References

[1] T. Young,M. Palta, J. Dempsey, J. Skatrud, S.Weber, and S. Badr,
“e occurrence of sleep-disordered breathing among middle-
aged adults,”eNew England Journal of Medicine, vol. 328, no.
17, pp. 1230–1235, 1993.

[2] L. M. Jaffe, J. Kjekshus, and S. S. Gottlieb, “Importance and
management of chronic sleep apnoea in cardiology,” European
Heart Journal. In press.

[3] Y. K. Loke, J. W. Brown, C. S. Kwok, A. Niruban, and P. K.
Myint, “Association of obstructive sleep apnea with risk of
serious cardiovascular events: a systematic review and meta-
analysis,” Circulation, vol. 5, no. 5, pp. 720–728, 2012.

[4] S. Pamidi and E. Tasali, “Obstructive sleep apnea and type 2
diabetes: is there a link?” Frontiers in Neurology, vol. 3, article
126, 2012.

[5] A. E. Mirrakhimov, “Obstructive sleep apnea and kidney
disease: is there any direct link?” Sleep & Breathing, vol. 16, no.
4, pp. 1009–1016, 2012.

[6] J. Colish, J. R. Walker, N. Elmayergi et al., “Obstructive sleep
apnea: effects of continuous positive airway pressure on cardiac
remodeling as assessed by cardiac biomarkers, echocardiogra-
phy, and cardiac MRI,” Chest, vol. 141, pp. 674–681, 2012.

[7] L. Lavie, “Oxidative stress in�ammation and endothelial dys-
function in obstructive sleep apnea,” Frontiers in Bioscience, vol.
4, pp. 1391–1403, 2012.

[8] B. J. Arsenault, S. M. Boekholdt, and J. J. P. Kastelein,
“Lipid parameters formeasuring risk of cardiovascular disease,”
Nature Reviews Cardiology, vol. 8, no. 4, pp. 197–206, 2011.



4 ISRN Cardiology

[9] A. Hasan, N. Uzma, T. L. N. Swamy, A. Shoba, and B. S. Kumar,
“Correlation of clinical pro�leswith obstructive sleep apnea and
metabolic syndrome,” Sleep and Breathing, vol. 16, pp. 111–116,
2012.

[10] Q.C. Lin, X. B. Zhang,G. P. Chen,D. Y.Huang,H. B.Din, andA.
Z. Tang, “Obstructive sleep apnea syndrome is associated with
some components of metabolic syndrome in nonobese adults,”
Sleep and Breathing, vol. 16, pp. 571–578, 2012.

[11] A. B. Newman, F. J. Nieto, U. Guidry et al., “Relation of sleep-
disordered breathing to cardiovascular disease risk factors: the
Sleep Heart Health study,” American Journal of Epidemiology,
vol. 154, no. 1, pp. 50–59, 2001.

[12] S. R. Coughlin, L. Mawdsley, J. A. Mugarza, P. M. A. Calverley,
and J. P. H. Wilding, “Obstructive sleep apnoea is indepen-
dently associated with an increased prevalence of metabolic
syndrome,” European Heart Journal, vol. 25, no. 9, pp. 735–741,
2004.

[13] N. McArdle, D. Hillman, L. Beilin, and G. Watts, “Metabolic
risk factors for vascular disease in obstructive sleep apnea: a
matched controlled study,” American Journal of Respiratory and
Critical Care Medicine, vol. 175, no. 2, pp. 190–195, 2007.

[14] J. eorell-Haglöw, C. Berne, C. Janson, and E. Lindberg,
“e role of obstructive sleep apnea in metabolic syndrome: a
population-based study in women,” Sleep Medicine, vol. 12, no.
4, pp. 329–334, 2011.

[15] L. F. Drager, H. F. Lopes, C. Maki-Nunes et al., “e impact
of obstructive sleep apnea on metabolic and in�ammatory
markers in consecutive patients with metabolic syndrome,”
PLoS ONE, vol. 5, no. 8, Article ID e12065, 2010.

[16] F. Roche, E. Sforza, V. Pichot et al., “Obstructive sleep
apnoea�hypopnea in�uences high-density lipoprotein choles-
terol in the elderly,” Sleep Medicine, vol. 10, no. 8, pp. 882–886,
2009.

[17] N. K. Bartels, J. Börgel, S. Wieczorek et al., “Risk fac-
tors andmyocardial infarction in patients with obstructive sleep
apnea: impact of𝛽𝛽2-adrenergic receptor polymorphisms,”BMC
Medicine, vol. 5, article 1, 2007.

[18] M. Kono, K. Tatsumi, T. Saibara et al., “Obstructive sleep apnea
syndrome is associated with some components of metabolic
syndrome,” Chest, vol. 131, no. 5, pp. 1387–1392, 2007.

[19] K. C. B. Tan, W. S. Chow, J. C. M. Lam et al., “HDL dysfunction
in obstructive sleep apnea,” Atherosclerosis, vol. 184, no. 2, pp.
377–382, 2006.

[20] S. Chung, I. Y. Yoon, C. H. Lee, and J. W. Kim, “e effects of
nasal continuous positive airway pressure on vascular functions
and serum cardiovascular risk factors in obstructive sleep apnea
syndrome,” Sleep and Breathing, vol. 15, no. 1, pp. 71–76, 2011.

[21] S. K. Sharma, S. Agrawal, D. Damodaran et al., “CPAP for the
metabolic syndrome in patients with obstructive sleep apnea,”
e New England Journal of Medicine, vol. 365, pp. 2277–2286,
2011.

[22] C. L. Phillips, B. J. Yee, N. S. Marshall, P. Y. Liu, D. R. Sullivan,
and R. R. Grunstein, “Continuous positive airway pressure
reduces postprandial lipidemia in obstructive sleep apnea:
a randomized, placebo-controlled crossover trial,” American
Journal of Respiratory and Critical Care Medicine, vol. 184, pp.
355–361, 2011.

[23] C. Cuhadaroğlu, A. Utkusavaş, L. Oztürk, S. Salman, and T. Ece,
“Effects of nasal CPAP treatment on insulin resistance, lipid
pro�le, and plasma leptin in sleep apnea,” Lung, vol. 187, pp.
75–81, 2009.

[24] Y. Kawano, A. Tamura, and J. Kadota, “Association between the
severity of obstructive sleep apnea and the ratio of low-density
lipoprotein cholesterol to high-density lipoprotein cholesterol,”
Metabolism, vol. 61, pp. 186–192, 2012.

[25] M. Can, S. Açikgöz, G. Mungan et al., “Serum cardiovascular
risk factors in obstructive sleep apnea,” Chest, vol. 129, pp.
233–237, 2006.

[26] M. H. Dominiczak and M. J. Caslake, “Apolipoproteins:
metabolic role and clinical biochemistry applications,” Annals
of Clinical Biochemistry, vol. 48, pp. 498–515, 2011.

[27] Y. Zheng, S. E. Gardner, andM. C. Clarke, “Cell death, damage-
associated molecular patterns, and sterile in�ammation in car-
diovascular disease,” Arteriosclerosis, rombosis, and Vascular
Biology, vol. 31, pp. 2781–2786, 2011.

[28] H. Shinkai, “Cholesteryl ester transfer-protein modulator and
inhibitors and their potential for the treatment of cardiovascular
diseases,” Journal of Vascular Health and Risk Management, vol.
8, pp. 323–331, 2012.

[29] G. L. Semenza, “Regulation of oxygen homeostasis by hypoxia-
Inducible factor 1,” Physiology, vol. 24, no. 2, pp. 97–106, 2009.

[30] N. R. Prabhakar, G. K. Kumar, and Y. J. Peng, “Sympatho-
adrenal activation by chronic intermittent hypoxia,” Journal of
Applied Physiology, vol. 113, pp. 1304–1310, 2012.

[31] M. Lafontan and D. Langin, “Lipolysis and lipidmobilization in
human adipose tissue,” Progress in Lipid Research, vol. 48, no. 5,
pp. 275–297, 2009.

[32] A. Barceló, J. Piérola, M. de la Peña et al., “Free fatty acids
and the metabolic syndrome in patients with obstructive sleep
apnoea,” European Respiratory Journal, vol. 37, no. 6, pp.
1418–1423, 2011.

[33] J. C. Jun, L. F. Drager, S. S. Najjar et al., “Effects of sleep apnea
onnocturnal free fatty acids in subjects with heart failure,” Sleep,
vol. 34, pp. 1207–1213, 2011.

[34] Z. Yao and Y. Wang, “Apolipoprotein C-III and hepatic
triglyceride-rich lipoprotein production,” Current Opinion in
Lipidology, vol. 23, pp. 206–212, 2012.

[35] F. Faiz, A. J. Hooper, and F. M. van Bockxmeer, “Molecular
pathology of familial hypercholesterolemia, related dyslipi-
demias and therapies beyond the statins,” Critical Reviews in
Clinical Laboratory Sciences, vol. 49, pp. 1–17, 2012.

[36] A. D. Sniderman, J. de Graaf, and P. Couture, “Low-density
lipoprotein-lowering strategies: target versus maximalist versus
population percentile,” Current Opinion in Cardiology, vol. 27,
pp. 405–411, 2012.

[37] B. V. Howard, “Insulin resistance and lipid metabolism,” Amer-
ican Journal of Cardiology, vol. 84, pp. 28J–32J, 1999.

[38] J. C. Jun, M. K. Shin, Q. Yao et al., “Acute hypoxia induces
hypertriglyceridemia by decreasing plasma triglyceride clear-
ance in mice,” American Journal of Physiology, vol. 303, pp.
E377–E388, 2012.

[39] F. S. Luyster, K. E. Kip, O. J. Drumheller et al., “Sleep apnea is
related to the atherogenic phenotype, lipoprotein subclass B,”
Journal of Clinical Sleep Medicine, vol. 8, pp. 155–161, 2012.

[40] J. Li, L. N. orne, N. M. Punjabi et al., “Intermittent hypoxia
induces hyperlipidemia in lean mice,” Circulation Research, vol.
97, no. 7, pp. 698–706, 2005.

[41] J. Li, D. N. Grigoryev, S. Q. Ye et al., “Chronic intermittent
hypoxia upregulates genes of lipid biosynthesis in obese mice,”
Journal of Applied Physiology, vol. 99, no. 5, pp. 1643–1648,
2005.



ISRN Cardiology 5

[42] J. Li, V. Savransky, A. Nanayakkara, P. L. Smith, C. P.
O’Donnell, and V. Y. Polotsky, “Hyperlipidemia and lipid per-
oxidation are dependent on the severity of chronic intermittent
hypoxia,” Journal of Applied Physiology, vol. 102, no. 2, pp.
557–563, 2007.

[43] V. Savransky, A. Nanayakkara, J. Li et al., “Chronic intermittent
hypoxia induces atherosclerosis,” American Journal of Respira-
tory and Critical Care Medicine, vol. 175, no. 12, pp. 1290–1297,
2007.

[44] J. Li, A. Nanayakkara, J. Jun, V. Savransky, and V. Y. Polotsky,
“��ect of de�ciency in SR��P cleavage-activating protein on
lipid metabolism during intermittent hypoxia,” Physiological
Genomics, vol. 31, no. 2, pp. 273–280, 2007.

[45] V. Savransky, J. Jun, J. Li et al., “Dyslipidemia and atheroscle-
rosis induced by chronic intermittent hypoxia are attenuated
by de�ciency of stearoyl coen�yme a desaturase,” Circulation
Research, vol. 103, no. 10, pp. 1173–1180, 2008.


