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Introduction 

Sleep is a recurrent state of reduced consciousness and 

body rest that is intimately associated with the circadian 

system, characterized by physiological oscillations within a 

period of approximately 24-h. The combined effect of such 

cycles has been shown to affect interactions between the central 

nervous, the endocrine and the immune systems (Hastings et 

al., 2008).  

Recent studies in animals and humans have shown that 

the immune-neuroendocrine and thermal systems of the body 

are intimately linked to the sleep-wake system (Moldofsky, 

1995). The innate immune system appears to have 2 primary 

functions: rapid isolation and destruction of invading pathogens 

(or foreign cells, such as tumors or transplants) through 

inflammatory processes and antigen recognition and processing 

for the acquired immune system. The acquired immune system, 

in turn, uses antibodies and cytotoxic cellular mechanisms that 

help clear residual microorganisms and, through immunologic 

memory, speed up their detection and removal in future 

reinfections (Majde, 2005). 

Sleep deeply impacts adaptive immune functions as 

adaptive immune response is initiated by antigen presenting 

cells and naïve T cells that meet in secondary lymphoid organs, 
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with the number of naïve T cells recruited to lymphoid organs 

essentially determining the size of the adaptive response, i.e., 

the number of effector T cells formed after vaccination . 

Therefore, sleep might support the formation of adaptive 

immunity by increasing migration of T lymphocytes to lymph 

nodes. Hence, sleep on the night after vaccination leads to a 

long lasting enhancement of antigen-specific antibody and T-

helper cell responses (Besedovsky et al., 2012). 

The initiation and development of an adaptive immune 

response depends, among others, critically on the balance 

between type1 (IL-2, IL-12, IFN-) and type2 (IL-4, IL-10) 

cytokines. Multiple influences like the prevailing cytokine 

milieu and hormonal mediators can bias cytokine production 

towards type 1 or type 2 dominance, thereby supporting 

inflammation and autoimmunity on one hand or enhancing 

susceptibility to infections and allergy on the other hand. Slow 

wave sleep (SWS) is characterized by maximum release of 

growth hormone (GH) and minimum release of cortisol, release 

of GH by increasing particularly production of IFN- can 

contribute to the shift in type1/type2 balance towards type1 

activity characterizing SWS (Lange et al., 2005). 

Sleep deprivation from medical and psychiatric 

conditions, as well as from life style is endemic in modern 

society, affecting millions of persons daily (Report of the 

National Commission on Sleep Disorders Research, 1993).  
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Studies of leukocyte population changes and cytokine 

levels in various sleep deprivation models have been performed 

in human volunteers. Different deprivation schedules result in 

different immune outcomes, particularly in terms of leukocyte 

numbers and cell types (Dinges et al., 1995) 

An inflammatory response begins when macrophages are 

activated by pathogens or tissue damage to release the pro-

inflammatory cytokines, IL-6, IL-1, and TNF-. Pro-

inflammatory cytokines, in turn, stimulate the local recruitment 

and activation of leukocytes, and the systemic release of acute 

phase proteins, such as C-reactive protein (CRP) and fibrinogen 

cytokine response to immune activation is critical and 

insufficient response may leave the organism vulnerable to 

infection, whereas excessive response can increase risk for 

inflammatory diseases (Pavlov and Tracey, 2004). 

Thus, it has been proposed that early pro-inflammatory 

responses may provide a physiologic mechanism linking sleep 

disruption to risk of inflammatory disease (Opp et al., 2007). 

 In contrast, Excessive sleepiness is typical in 

inflammation and infection. Experimental host defense 

activation with bacterial endotoxin may influence sleep–wake 

behavior. The activation of the hypothalamic–pituitary–adrenal 

(HPA) axis and the presence of fever disturb sleep, while when 

a lesser amount of endotoxin stimulates the production of 
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proinflammatory cytokines, the amount of NREM sleep 

increases (Schuld et al., 2005). There is increasing evidence 

showing that cytokines play an important role in alerting the 

brain to ongoing inflammation in the peripheral tissues 

(Krueger and Majide, 2003).  

Cytokines such as TNF- and IL-1 have been regarded 

as the mediators of increased somnolence and symptoms of 

malaise and loss of appetite in the early stages of acute phase 

response to viral and bacterial infections. Increased sleep 

observed in these situations may be mediated through these 

cytokines (Kapsimalis et al., 2008). Moreover, abnormal 

cytokine levels have been described in different rheumatologic 

diseases. RA patients demonstrate elevated levels of IL-12, IL-

15, and IL-18 in synovial fluid and these induce interferon 

(IFN)– production. Juvenile RA patients have increased serum 

levels of IL-1, IL-6, TNF-, IL-8, and IL-18. SLE patients have 

increased levels of serum IL-4, IL-6, IL-10, and IL-18, and 

disease activity correlates with IL-18 levels (Arend and Gabay, 

2004).  

Patients with spondyloarthritis show high levels of               

TNF- and lower amounts of transforming growth factor 

(TGF) in sacroiliac joints. IL-1, TNF-, and IL-6 are 

increased in joints of patients with osteoarthritis. Sjogren‟s 

syndrome is associated with cytokines IL-1, TNF-, IL-2, and 

IL-6 in minor salivary glands. Patients with central nervous 
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system (CNS) lupus have increased levels of TNF-alpha, IL-6, 

and IL-10 in cerebrospinal fluid (CSF) (Harris et al., 2005).  

The increased IL-6 levels in patients with RA, SLE, 

Sjogren‟s syndrome, and osteoarthritis is hypothesized to be 

partially responsible for some of the sleep difficulties seen in 

these disorders and abnormalities in circadian secretion of IL-6 

and TNF- could contribute to the insomnia seen in 

rheumatologic diseases. On the other hand, data show that 

immune response molecules may be potentially involved in the 

pathogenesis of narcolepsy, but their nature has still to be 

identified (Bentivoglio and Kristensson, 2007). The disease is 

usually sporadic, with an almost complete association with 

HLA (Human Leukocyte Antigen) genes. The cause of 

narcolepsy is unknown yet mmune-mediated mechanisms have 

been suggested because of its HLA association (Dauvilliers 

and Tafti, 2006) and interestingly, treatment with 

immunoglobulins early after disease onset results in positive 

effects in some patients tentatively by downregulation of T-cell 

function and reduced cytokine release (Dauvilliers et al., 2004).  

Moreover, the high prevalence of autoimmune disease 

among women with REM sleep Behaviour Disorder (RBD) 

suggests an intriguing link between immune dysfunction and 

RBD (Ju et al., 2011). In addition to the fact that 95% of the 38 

highly-associated Restless Legs Syndrome (RLS) conditions 

are also associated with inflammatory/ immune changes which 


