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ABSTRACT

Objective: To demonstrate the interaction between obstructive 
sleep apnea/hypopnea syndrome, insulin resistance, and non-al-
coholic fatty pancreatic disease through the signaling pathway 
diagram. Methods: To investigate the involvement of metabolic 
signaling pathway, a search was performed using the Kyoto En-
cyclopedia of Genes and Genomes. The signaling pathway ma-
pping was performed using the automatic annotation server of 
this encyclopedia. The Modeller 9.19 package was used to predict 
3-dimensional structures based on the homology modeling pro-
tocol. The signaling pathway map was performed using PathVi-
sio software, which is a free available signaling pathway drawing 
software. Based on the 3-dimensional structures, we have desig-
ned several peptide activators of the signaling pathway of non-al
coholic fatty pancreatic disease. Results: The contigs were taken 
from the Kyoto Encyclopedia of Genes and Genomes database 
and their mapped transcription represented the signaling pa-
thway of the main biomolecules that triggered non-alcoholic  
fatty pancreatic disease. The interaction between obstructive 
sleep apnea/hypopnea syndrome, insulin resistance, and in-
flammatory factors contributes to the possible development of 
fatty infiltration of pancreas, leading to the loss of function of the 
pancreatic β-cells, and even to the development of other meta-
bolic diseases. Conclusion: The interaction between obstructive 
sleep apnea/hypopnea syndrome and insulin resistance demons-
trated through the signaling pathway contributes to the possible 
development of non-alcoholic fatty pancreatic disease.

Keywords: Sleep apnea, obstructive; Insulin resistance; Non-al
coholic fatty liver disease.

RESUMO 

Objetivo: Demonstrar a interação entre a síndrome de apneia/
hipopneia obstrutiva do sono, a resistência à insulina e a doença 
pancreática gordurosa não alcoólica considerando o desenho de 
uma via de sinalização. Métodos: Para avaliar o envolvimento da 
via de sinalização metabólica, realizou-se uma pesquisa usando 
a Enciclopédia de Genes e Genomas de Kyoto. O mapeamento da 
via de sinalização foi realizado com o servidor de anotação auto-
mático desta enciclopédia. O software MODELLER 9.19 foi usado 
para prever estruturas tridimensionais, com base no protocolo de 
modelagem por homologia. O desenho da via de sinalização foi 
realizado por meio do programa PathVisio, um software de domí-
nio público para desenho de via de sinalização. Com base nas es-
truturas tridimensionais, desenhamos os vários ativadores peptí-
dicos da via de sinalização da esteatose pancreática. Resultados: 
Os contigs foram retirados do banco de dados da Enciclopédia de 
Genes e Genomas de Kyoto, e sua transcrição mapeada represen-
tou a via de sinalização das principais biomoléculas que desenca-
dearam doença pancreática gordurosa não alcoólica. A interação 
entre síndrome de apneia/hipopneia obstrutiva do sono, resistên-
cia à insulina e fatores inflamatórios contribuiu para o possível 
desenvolvimento de infiltração gordurosa do pâncreas, levando 
à perda de função das células beta pancreáticas e até mesmo ao 
desenvolvimento de outras doenças metabólicas. Conclusão: 
A interação entre síndrome de apneia/hipopneia obstrutiva do 
sono e resistência à insulina demonstrada pela via de sinalização 
contribui para o possível desenvolvimento de doença pancreática 
gordurosa não alcoólica.

Descritores: Apneia obstrutiva do sono; Resistência à insulina; 
Hepatopatia gordurosa não alcoólica.
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INTRODUCTION
The non-alcoholic fatty pancreatic disease (NAFPD) 

is defined as a lesion that varies from the excessive fatty 
infiltration of the pancreas without fat replacement to 
pancreatic inflammation, pancreatitis which may pro-
gress to pancreatic fibrosis.(1) NAFPD may occur due to 
the replacement by adipocytes of dead pancreatic aci-
nar cells, or accumulation of fat associated with meta-
bolic disease. Several words of similar meaning for the 
increase of fat in the pancreas have been used in the li-
terature; however, the NAFPD term shall mean fat accu
mulation in the pancreas associated with obesity and 
metabolic syndrome.(2) Few studies have evaluated the 
prevalence of NAFPD, which was estimated between 
16% and 35% in the adult population, and 10% in a pe-
diatric population.(3,4)

The obstructive sleep apnea hypopnea syndrome 
(OSAHS) is due to usual absence or reduction in brea-
thing in the course of sleep regardless of a regular effort 
to breathe normally. It is characterized by an Apnea-Hy
popnea Index (AHI) of 15 or greater or an AHI of 5 or 
greater with frequent arousals during sleep, in addition 
to disruptive snoring and excessive daytime sleepiness, 
and has been associated with several adverse health out
comes, including insulin resistance (IR).(5) The prevalence 
of OSAHS is 3% to 7% in men and 2% to 5% in women.(6)

IR is a metabolic disorder defined clinically as low 
capability of insulin to increase glucose uptake and uti
lization in target tissues, which may be due to several 
mechanisms, among which the genetic changes of pro-
teins of the insulin action cascade, fetal malnutrition, 
and increases in visceral adiposity.(7)

OSAHS has been associated with the level of IR 
which in turn would lead to pancreatic adipocyte infil-
tration, with consequent NAFPD.(8,9)

We focus on OSAHS and the roles of transcription 
factors in inflammation-induced IR, and their involve-
ment in the pathogenesis of NAFPD, with the objective 
of demonstrating the interaction between OSAHS and 
NAFPD through signaling pathway diagrams.

INTERACTION BETWEEN OBSTRUCTIVE  
SLEEP APNEA/HYPOPNEA SYNDROME AND  
NON-ALCOHOLIC FATTY PANCREATIC DISEASE

OSAHS seems to be one of the key factors in the de-
velopment of NAFPD, and this was suggested in a recent 
study.(10)

There is data suggesting that OSAHS is a risk factor for 
dyslipidemia because it is independently associated with 
metabolic syndrome, with increased levels of triglyceri-
des and reduced levels of high-density lipoproteins.(11) 

This association would be mediated by lipid clearance 
reduction, increased lipolysis, and regulation of lipid 
synthesis in the liver. Moreover, OSAHS can influence 
the development of type 2 diabetes mellitus (DM2) in 
predisposed individuals due to hypoxic damage to pan-
creatic β-cells, because intermittent hypoxia leads to 
hormonal derangements, inducing enhanced lipid syn-
thesis and inflammation, contributing for pancreatic 
fatty infiltration.(12)

A relation between metabolic alterations and fatty 
infiltration of the pancreas was showed in various stu-
dies with animals, and it considered the hypothesis that 
fatty infiltration of the endocrine pancreas would lead 
to a change in insulin secretion and the development of 
DM2.(13-15)

The prevalence of OSAHS is directly proportional to 
increases in body weight gain and, consequently, to an 
increase in body mass index (BMI).(16) Likewise, studies 
show that NAFPD is closely associated with BMI.(17)

Therefore, factors such as increase in BMI, IR, damage 
to pancreatic β-cells leading to DM2, dyslipidemia, and 
metabolic syndrome common to OSA and NAFPD could 
explain the interaction between both of them.

MODEL
Signaling pathways regulate cellular decisions, and 

mathematical models have been used in the elabora-
tion of biological signaling pathways. To investigate the 
involvement of metabolic signaling pathway, a search  
was performed using the Kyoto Encyclopedia of Genes 
and Genomes (KEGG), a database containing biolo-
gical information about signaling pathway maps, ex-
traction of biological processes networks, molecular 
interaction, as well as protein domains data. We inves-
tigated a total of 46 signaling pathways in the KEGG 
databases, and for each pathway we identify all the 
proteins related to obesity, IR, DM2, dyslipidemia, and 
metabolic syndrome common to OSA and NAFPD, 
and we compared the proteins and interactions of ten 
pathways. The MODELLER 9.19 package was used to 
predict 3D structure based on the homology modeling 
protocol. The signaling pathway map design was done 
with PathVisio software, a free available signaling pa-
thway drawing software. Based on the 3-dimensional 
(3D) structure, we have designed several peptide acti-
vators of signaling pathway of NAFPD.

Signaling pathway design 
As shown in Figure 1, multiple mechanisms un-

derlying NAFPD are shown, and its interaction with 
OSAHS.
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Non-alcoholic fatty pancreatic disease  
signaling pathway

NAFPD represents a spectrum ranging from simple 
steatosis to more severe steatopancreatitis with pan
creatic inflammation and fibrosis, known as non-alcoho-
lic steatopancreatitis (NASP). NASP may further lead to 
pancreatic fibrosis. This diagram shows a stage-depen-
dent progression of NAFPD. In the first phase of NAFPD, 
adipose tissue accumulation has been demonstrated as 
activators of inflammatory factors. The main cause is 
the induction of IR, which leads to a defect in insulin  
suppression of free fatty acids (FFA) disposal.(18) Moreover, 
transcription factor Peroxisome proliferator-activated 
receptor-α (PPAR-α) activates key enzymes of lipo-
genesis and increases the synthesis of FFA in the pan-
creas.(19) In the second phase, as a consequence of the 
progression to NASP, the production of reactive oxygen 
species is enhanced due to oxidation stress through mi-
tochondrial β-oxidation of fatty acids and endoplasmic 
reticulum stress, leading to lipid peroxidation. The lipid 
peroxidation can further cause the production of cy-
tokines, caspases, promoting cell death, inflammation 
and fibrosis.(20) The chronic inflammation is one of the 
determining causes of IR, and OSAHS also induces an 
inflammatory state directly due to the increase in vis-

ceral fatty that is an abundant source of pro-inflamma-
tory cytokines, including tumor necrosis factor alpha 
(TNF-α), interleukin 6 (IL-6) and profibrogenic adipoki-
ne leptin. In addition, the development of IR following  
inactivation of the phosphoinositide-3-kinase (PIK3) 
regulatory → serine/threonine kinase (STK) signaling 
pathway, leading to the progression of pancreatic cell IR 
and consequent NAFPD.

The development of IR involves numerous under-
lying mechanisms, including increment of phosphoryla-
tion of IRS (insulin receptor substrate) protein by protein 
kinase C, c-Jun N-terminal protein kinase 1 and inhi-
bitor of nuclear factor kappa B kinase subunit beta.(21) 
It also involves increased IRS-1 proteasome damage by 
mammalian target of rapamycin (mTOR), besides re-
duction of activation of signaling molecules, including 
the PI3K and protein kinase B (AKT), and increased 
action of phosphatases encompassing protein tyrosine 
phosphatase (PTPs), phosphatase and tensin homolog 
(PTEN), and protein phosphatase 2A (PP2A).(22)

CONCLUSION
Obstructive sleep apnea/hypopnea syndrome and 

non-alcoholic fatty pancreatic disease have obesity, in-

NAFDP: non-alcoholic fatty pancreatic disease; TNF-α: tumor necrosis factor alpha; IL: interleukin; INS: insulin; TNFR: tumor necrosis factor receptor; INSR: beta-subunit of insulin receptor; NF-κB: factor 
nuclear kappa B; Pt3K-AKT: phosphatidylinositol 3-kinase - protein kinase B; AKT: protein kinase B; GSK-3: glycogen synthase kinase 3; LEP: leptin; ObT: octanoate breath test; ACDC: adiponectin; AMPK: 
AMP-activated protein kinase; PPAR-α: peroxisome proliferator-activated receptor alpha; RXR: retinoid X receptor; FFas: free fatty acids; FasL: fatty acids ligand; Fas: fatty acids; CASP: caspase; Bid: BH3 
interacting domain death agonist.

Figure 1. Signaling pathway of non-alcoholic fatty pancreatic disease model.
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sulin resistance, type 2 diabetes mellitus, dyslipidemia, 
and metabolic syndrome in common. The factors leading 
to the progression of simple steatosis to non-alcoholic 
steatopancreatitis are likely to be multiple and complex, 
and involve transcription factors in inflammation-in-
duced insulin resistance. Thus, we proposed a model of 
interaction between obstructive sleep apnea hypopnea 
syndrome and non-alcoholic fatty pancreatic disease 
through signaling pathway map.
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