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ABSTRACT 

 

Autoimmune disease occurs when the immune system attacks self-molecules. It ranges 

from organ-specific to systemic, including Rheumatoid Arthritis (RA), Multiple Sclerosis (MS), 

and Sjogren’s Syndrome (SS). Evidence indicates disturbances of the circadian clock to 

demonstrate detrimental effects on immunity, which may enhance susceptibility to autoimmune 

diseases. Moreover, prevalent symptoms experienced by RA, MS, SS patients include persistent 

pain and complaints of sleep and fatigue. Collectively, this thesis aims to validate emerging tools 

measuring circadian clock disruption as a means of early diagnosis and an accurate prediction of 

autoimmune disease trigger and progression. Validated surveys for disease-specific, 

symptomologies, circadian clock, chronotype and actigraphy were utilized to measure direct 

correlations. MS cognitive dysfunction was correlated with fatigue and sleep (r = 0.95, 0.93, 

0.92). SS dryness was also correlated with fatigue and sleep (r = 0.89, 0.77, 0.82). SS fatigue had 

correlations with sleep (r = 0.90 and 0.72). However, no correlation was observed between SS 

dryness levels and amount of saliva collected (r = - 0.08). Sleep insomnia scores had correlations 

with fatigue and sleep (r = 0.95, 0.89, 0.87). Actigraphy-derived sleep minutes was correlated 

with each of the symptoms (r = - 0.87, - 0.81, - 0.87, - 0.81), while activity mean had a 

correlation with fatigue and pain (r = 0.90 and 0.95). Midpoint of sleep on free days measured by 

the Munich Chronotype Questionnaire (MCTQ) and actigraphy were not statistically different (t 

= - 0.95, p > 0.05). Evening chronotypes had a correlation with fatigue and sleep (r = - 0.92 and - 

0.94), and morning chronotypes exhibited a correlation with pain (r = 0.96). Lastly, 

Morningness-Eveningness Questionnaire (MEQ) scores correlated well with the MCTQ 

midpoint on workdays (r = - 0.84). These findings demonstrate that the circadian clock and sleep 

is inextricably linked to autoimmune diseases, especially the exacerbation of symptoms. 

However, additional research is needed to establish pharmacological interventions that can 

improve the quality of life (QoL) of patients with severe autoimmune disease symptoms and 

reduce the effects of circadian clock disruption.  
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CHAPTER 1: INTRODUCTION 

 

1.1 Introduction to Autoimmune Diseases 

Autoimmune disorders result from a breakdown of immunologic tolerance leading to an 

immune response against self-molecules. In most instances the events that initiate the immune 

response to self-molecules are unknown, but several studies suggest associations with 

environmental and genetic factors and certain types of infections [1]. According to the National 

Institutes of Health (NIH), approximately 3% of the populations in Europe and North America 

currently suffer from autoimmune diseases, many with symptoms of multiple disorders [2]. 

Currently there are over 100 recognized autoimmune diseases [3], and the prevalence continues 

to rise. There are suggestions that several common health problems such as atherosclerosis and 

inflammatory bowel disease may have an autoimmune component [4,5]. Moreover, it is found 

that women have a significantly higher risk of developing an autoimmune disease than men, as > 

75% of those suffering from autoimmune diseases are female [2]. Young, postpubescent women 

have been shown to approximately 10 times more susceptible than men to developing 

autoimmune disease [6]. Although the underlying mechanisms for this predisposition are 

currently being investigated, it is known that females and castrated males produce much higher 

levels of estrogen and reduced levels of testosterone, and it is well documented that estrogen and 

estrogen-like chemicals may alter the immune response [7]. Much of the evidence supporting a 

role for estrogen in the development of autoimmune disease comes from animal models rather 

than human studies. In autoimmune-prone mice, estrogen administration greatly enhances 

mortality in both males and females [8]. Testosterone is found in much higher levels in sexually 

functionally males. Recent studies have found that testosterone given to lupus-prone autoimmune 

mice exerts a powerful suppressive effect on this disorder in both adult and prenatally treated 

animals, and male autoimmune MRL/lpr mice exhibit abnormally low testosterone levels [9].  

The spectrum of diseases ranges from organ specific, in which antibodies and T cells 

react to self-antigens localized in a specific tissue, to systemic, which are characterized by 

reactivity against a specific antigen spread throughout various tissues in the body [10]. As 

autoimmune diseases vary greatly in the organs they affect and in their clinical manifestations it 

is imperative to distinguish these differences. Despite these variations, all autoimmune diseases 

are believed to go through sequential phases of initiation, propagation, and resolution. All stages 
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of autoimmune diseases are thought to be in accordance with a failure of regulatory mechanisms, 

with the resolution phase defined by a partial, and in most cases, short-term ability to restore the 

balance of effector and regulatory responses [11]. Although each disease varies with its 

implications, the common underlying mechanism is the presence of autoantibodies which causes 

harm to the patient. These are thought to attack the various tissues and organs targeted in each 

individual disease [10,11]; therefore, it can be assumed that the same immune system that guards 

the body against infection can also cause autoimmune diseases. Once the natural immune 

tolerance has failed, the immune system directs itself against either self-antigens or foreign 

antigens. Consequently, the growing knowledge of the intricate immune response byways 

promotes to recognize the seamless transition from protection to pathogenic autoimmunity.  
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 Overview of the Immune System  

 The immune system is a complex set of cellular and protein components designed to 

protect the body against foreign substances, including infectious agents and tumor cells, while 

not responding to self-molecules. Foreign or self-molecules that evoke specific immune 

responses are referred to as antigens. Immune cells are located throughout the body, either in 

organs such as the spleen and thymus or as diffuse accumulations of lymphoid and myeloid cells 

corresponding with the skin and gut where they are placed to monitor the entry of foreign 

substances [12]. Optimal function of the immune system requires that immune cells and cell 

products interact with each other in a sequential and regulated manner. The distinction between 

self and nonself occurs through complex mechanisms that depend upon specific recognition 

molecules present on the surface of immunocompetent cells, in particular, T and B lymphocytes 

[12].  

Nonspecific effector mechanisms that complement or amplify the specific T- and B-

lymphocyte responses are also essential in the immune response. They serve as first line defense 

against potential pathogens and include other leukocytes, such as macrophages, natural killer 

(NK) cells, and polymorphonuclear leukocytes, as well as soluble mediators that include 

complement and cytokines [12]. Several autoimmune diseases demonstrate characteristics 

aberrations in cytokine production, suggesting that these soluble mediators may play a role in 

both the initiation and pathogenesis of the disease [13-15]. Therapeutic treatment with the 

cytokine’s interferon (IFN)- and interleukin (IL)-2 have occasionally been analogous with the 

subsequent appearance of autoimmune diseases [16]. In addition to the complex cell-cell and 

cytokines interactions that are necessary in the normal functioning of the immune system, 

secondary factors can influence immune status. These include neurohormones and stress, both of 

which modulate autoimmune responses [17].  

Many immune cells (i.e., B lymphocytes, T lymphocytes, NK cells) can be further 

divided into subpopulations based on varying functional properties or states of differentiation, 

maturation, and activation [18]. Most notable among these are the T-cell subpopulations, 

including cells that assist and amplify other immune responses (T-helper cells [Th]), 

downregulate other immune responses (T-suppressor [Ts] cells), or destroy cells infected with 
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viruses or other intracellular pathogens and tumor cells (cytotoxic T [Tc] cells) [18]. The Th cells 

produce cytokines that regulate immune function and can be further subdivided into 

subpopulations that assist other T cells (Th1) or perpetuate antibody response (Th2).  

Immunocompetent T cells develop and mature in the thymus under the influence of 

thymic hormones and peptides. T cells recognize only antigens that have been processed into 

peptide fragments and are presented as bound to specialized cell-surface molecules, the major 

histocompatibility complex (MHC) proteins [19]. MHC class I molecules are expressed on 

nearly all nucleated cells of the body. MHC class II molecules are constitutely expressed on 

antigen-presenting cells (APCs) only, however, class II expression can be induced in a variety of 

cell types after cytokine stimulation [19]. The antigen recognition molecule for the T lymphocyte 

is the T-cell receptor (TCR), a heterodimeric transmembrane molecule containing two subunits 

(either  or ) [18,19]. The interaction between antigen, the TCR and MHC proteins is highly 

complex, and T-cell activation requires signaling via the TCR and other cell-surface molecules 

[19]. Although B lymphocytes can act as APCs their primary role is to produce antibody, which 

is the effector molecule for humoral-mediated immunity. Naïve, circulating B cells encounter the 

antigen in lymph nodes or lymphoid tissues and become activated [19]. B cells recognize this 

antigen via membrane-bound antibody/immunoglobulin (Ig) molecules that act as antigen 

receptors. Thus, cross-linking of Ig molecules on the cell surface initiates a signal transduction 

cascade and with the appropriate stimulus from Th2 cytokines, leads to activation and 

proliferation [19].  

2.2 Mechanisms of Autoimmune Diseases 

The list of autoantigens in Table 1 is not exhaustive but is meant to illustrate the precision 

by which autoantibodies to individual autoantigens serve as markers of major autoimmune 

diseases. This is to be expected since the individual autoantigen most likely directs the 

autoimmune reaction to the site where the autoantigen is expressed. A surprising aspect pertains 

to autoimmune attacks as they do not necessarily occur at all locations where the autoantigen is 

expressed. When the immune attack occurs, it is often executed by lymphocytes as well as 

autoantibodies, and many studies now indicate that prior views that autoimmunity is either cell- 

mediated or humoral have been an oversimplification [20]. The autoimmune reaction may 

specifically ablate one type from an organ, such as the  cells from the islets of Langerhans, 

without affecting the neighbouring endocrine cells [20]. The ablation of cells and sometimes 
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almost an entire organ, such 

as the thyroid is a testimony 

to the efficiency by which 

the immune system 

eventually rids the host of an 

unwanted antigen.  

The series of events 

that may turn the protective 

immune system into a 

vicious enemy from within 

can be excessive in length, 

and most autoimmune 

responses should be regarded 

as entirely idiopathic. 

Nonetheless, Th1 cytokines 

such as IL-2 and IFN- has 

been established to 

predominate in organ-

specific diseases. In addition, 

the effector responses tend to 

occur via cell-mediated immune reactions such as killing by Tc through the release of cytokines 

or through IgG and IgM antibodies directed toward cell-surface antigens triggering Fc receptor-

mediated killing [1]. Systemic autoimmune diseases are characterized by elevated levels of Th2 

cytokines, such as IL-4, IL-5, and IL-10, the widespread circulation of autoantibodies and 

immune complex deposition, opsonization with antibody, and cell damage via complement-

mediated lysis [1].  

The most common targets for organ-specific autoimmune diseases are the thyroid (SS), 

stomach (pernicious anemia), adrenal glands (Addison’s disease), and pancreas (insulin-

dependent diabetes mellitus [IDDM]), whereas systemic autoimmune diseases commonly 

involve the skin, the joints (RA) and the muscle tissues (idiopathic inflammatory myopathies 

[IIM]) (Figure 1) [1]. Furthermore, some autoimmune diseases, such as MS are not easily 
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classified, as they 

demonstrate both organ-

specific and systemic 

components (Figure 1).  In 

many instances, multiple 

autoimmune diseases may 

occur in the same patient, 

and certain diseases are 

sometimes associated with 

one another, such as IIM and 

vasculitis or RA and 

systemic lupus 

erythematosus (SLE) [21-

23]. As mentioned previously, it has been recognized that many other diseases in a variety of 

target organs/tissues may have an autoimmune component. In general, the etiology of these 

diseases is not well understood, and multiple factors such as genetics, infectious agents, and 

lifestyle may contribute to disease induction and progression. A small number of autoreactive B 

and T cells constitute a normal part of the immune cell pool, as the production of autoantibodies 

is frequently observed in normal healthy individuals [1]. Tolerance is normally maintained by the 

regulatory interactions of a variety of cell types and soluble mediators. However, under certain 

conditions, tolerance can be broken, and an autoimmune pathology may result. It is apparent that 

development of autoimmune diseases is highly dependent on permissive genetic background but 

that other triggering factors such as viral, bacterial, or chemical insult leads to altered self-

reactivity. This section is meant to introduce a combination of hypotheses from different 

literature regarding the role that genetics and environmental factors may play in breaking down 

the barrier to reactivity with self-antigens.   

2.2.1 Release of Isolated Autoantigens 

T cells reactive to self-antigens not present in the thymus during the early stages of T-cell 

development may escape thymic deletion. These “hidden” antigens generally have relatively low 

circulating levels or are anatomically sequestered in specific tissues (i.e., myelin basic protein or 

thyroglobulin) where vascular or cellular basement membranes constitute an effective barrier
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that prevents access by autoreactive cells [13]. Induction of organ-specific autoimmune disease 

following tissue trauma has been frequently reported and likely occurs via tissue damage that 

results in the availability of previously isolated antigens, as is the case in ophthalmia following 

eye injury [24] or orchiditis following vasectomy [25, 26]. Infection with tissue-tropic pathogens 

such as viruses may induce similar autoimmune phenomenon, and these infections also provide 

the additional stimulus of the production of soluble mediators and molecules important in the 

perpetuation of the immune response. This may be best exemplified in rodents and humans who 

develop diabetes after infection with Coxsackie B viruses [27].  

2.2.2 Chemical Alterations of Self-Peptides 

 As discussed above, T lymphocytes that bind with low affinity to self-proteins in the 

thymus with low affinity to self-proteins in the thymus may not be deleted. However, these T 

cells are normally functionally anergized in the periphery. Responses to these ambiguous self-

peptides can be enhanced under certain conditions. In a murine model of IDDM, viral infection 

stimulates the secretion IFN-, which in turn upregulates levels of antigen-presenting MHC 

molecules and enhances presentation of low-affinity self-peptides [28]. Some metals induce 

autoimmune disease via the creation of new high-affinity binding sites for MHC molecules on 

chemical-bound self-peptides, allowing activation of previously anergized T cells [29]. 

Expression of altered nucleolar proteins appears to be an important step in the development of 

mercuric chloride-induced autoimmunity in a rodent model of SLE [30]. In addition, many drugs 

induce autoimmunity via formation of hapten-induced autoantibodies. Compounds such as 

penicillin and halothane induce reactions in which hapten-specific T cells provide help to 

antibody-producing B cells that recognize the modified hapten but not native form of the self-

protein [31-33]. 

2.2.3 Molecular Mimicry 

 Many peptide fragments of infectious agents are homologous with host proteins and 

induce organ-specific autoimmune responses. A membrane protein on the -hemolytic 

streptococcus bacterium has a high degree of homology with cardiac myosin, and antibodies that 

target the bacterium also cross-react with cardiac muscle and induce rheumatic fever [34,35]. 

Yersinia enterocolitica, a bacterium normally associated with food poisoning outbreaks, has also 

been associated with various autoimmune diseases. Increased levels of antibodies to Yersinia 
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have been demonstrated in patients with Grave’s disease or autoimmune thyroiditis [36,37]. 

Accordingly, these antibodies cross-react with a variety of thyroid antigens [38,39].  

2.2.4 Polyclonal Activators 

 Microbial antigens have also been implicated in the exacerbation of systemic 

autoimmune diseases. Exogenous polyclonal activator may mutually stimulate T cells that react 

with both MHC class II-bound superantigens (peptides that activate large numbers of Th cells, 

promote cytokine overproduction) on B cells, leading to the production of polyclonal Ig, some of 

which may be autoreactive [40]. Mycoplasma arthriditis superantigen stimulates cytokine 

production and upregulates MHC class II expression in human T cell lines [41] and stimulates T 

lymphocytes with arthritis-associated TCR- chains [42]. In a rodent model, Mycoplasma 

arthriditis superantigen stimulated Th cells, results in polyclonal B-cell activation and 

differentiation of antigen-specific B cells [43]. 

2.2.5 Genetic Factors 

 Familial studies suggest a clear association between genetics and autoimmune diseases, 

particularly those with an organ-specific pathology [44]. Moreover, although concordance rates 

between identical twins can be relatively low depending on the disease, this may be explained by 

non-identity in immune repertoires because of TCR and Ig gene recombination [44], variations in 

receptor assembly [45], and somatic mutations of B-cell receptors [46]. The most clearly 

established genetic association is with specific alleles within the MHC gene complex. Certain 

haplotypes (HLA-B8, DR2-DR5) tend to be associated with certain autoimmune diseases 

[45,46]. However, a specific MHC haplotype is not sufficient for development of autoimmune 

disease, and autoimmunity-associated haplotypes are found in individuals with no clinical signs 

of disease. 

There are also a few non-MHC genes that may contribute to autoimmunity. Many studies 

have examined the possibility that predisposition for certain autoimmune diseases in the human 

population may lie in the germline’s genes for the TCR [47,48]. The strongest evidence for TCR 

involvement comes from studies of sibling pairs with relapsing MS. Siblings with MS shared 

specific TCR- haplotypes at a frequency much higher than expected due to random segregation 

[49]. Moreover, TCR- gene polymorphisms have also been associated with diseases 

susceptibility [50]. 
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2.3 Sleep Deprivation on Inflammation 

 Sleep-deprived animal models have demonstrated an increase in the genetic and protein

expression of IL-1, tumor necrosis factor (TNF)-, and IL-6 in endothelial cells, associated to a 

decrease in cytochrome (CRY)1 protein expression in endothelial cells of the thoracic aorta [51]. 

The pro-inflammatory phenotype is given by increased cyclic adenosine monophosphate (cAMP) 

which promotes the phosphorylation of the p65 subunit of nuclear factor (NF)- [51]. 

Expression of the CRY1 protein in endothelial cells was able to reserve the adhesion of 

monocytes, suggesting a reduction in the pro-inflammatory phenotype [51]. The results of sleep 

deprivation studies in humans have shown controversial results as they depend on the type of 

protocol used and the chronicity of sleep deprivation. In healthy volunteers, sleepless night 

increases cortisol levels and is associated with an increase in subjective perception of stress [52]. 

Furthermore, another study in healthy volunteers with sleep deprivation, levels of IL-1 and IL-6 

tend to increase and recover after normalization of sleep [53]. Higher levels of Ig and 

complement have also been observed [54]. In healthy subjects, even sleep deprivation for 40h 

decreases the levels of C-reactive protein (CRP) and IL-6 [55] due to increase cortisol, where 

post 1-week sleep deprivation, there are increased levels of IL-6 in men and women and 

increased levels of TNF- only in women. These changes are associated with a lower intensity 

cortisol peak and its availability [56].  

 In subjects with chronic insomnia, there is a decrease in CD3+, CD4+, and CD8+ 

[56,57]. Other studies have shown that sleep restriction induces increase in plasma 

concentrations of IL-6, TNF- in men [58] and increase in IL-1, IL-6, and IL-17 transcripts 

[57,59], although these changes do not occur when the restriction is for a couple of nights [57]. 

Sleep deprivation decreases the activity of NK cells and their ability to be activated by IL-2 

[57,60]. Moreover, the consequences of sleep deprivation include increased susceptibility to 

infections and decreased efficacy of certain vaccines such as hepatitis A [57,61], hepatitis B [57], 

and influenza [57,62].  

2.4 What is Circadian Rhythm? 

 Circadian rhythms involve physiological changes in gene expression with peaks every 

12h to complete a cycle of 24h [63]. This self-sustaining day and night pacemaker uses a 

molecular mechanism similar to an auxiliary oscillator found in other cells of organisms. In 

biological systems, the circadian rhythms of plants, animals and humans represent the functions 
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of the immune system 

[64,65], and immune 

responses and symptoms 

often exhibit measurable 

diurnal changes [66]. As the 

internal regulatory elements 

of circadian rhythms, clock 

genes such as brain and 

muscle arnt-like (BMAL)1, 

circadian locomotor output 

cycles kaput (CLOCK), 

period (PER), CRY, nuclear 

receptors (REV-ERB), and 

retinoid-related orphan 

receptor (ROR) not only 

keep the clock oscillator 

ticking, but also participate in the regulation of inflammatory pathways and immune cells 

differentiation in autoimmune diseases [66].  

In mammals, daily oscillations such as hormone secretion, immunity and locomotor 

activity and rhythmically orchestrated by a master clockwork located in a region of the 

hypothalamus called the suprachiasmic nucleus (SCN) [63]. Apart from the central clock, 

peripheral clocks are present in other organs and tissues, including lung, liver, kidney, and 

leukocytes, synergizing with the SCN to adjust biological circadian rhythm (Figure 2) [67]. The 

biological clock is autonomous and consists of a transcription-translation loop [63]. The proteins 

BMAL1 and CLOCK are in the center of the pacemaker [63]. The latter protein induces the 

expression of PER and CRY. These proteins are repressors that translocate to the nucleus and 

inhibits its expression by interfering with the BMAL/CLOCK complex [63]. When PER and 

CRY are degraded, the repression of BMAL and CLOCK is released, and another cycle of 24h is 

initiated [63]. The second loop consist of ROR () and REV-ERB ( ), where RORs 

activate and REV-ERBs inhibit the expression of BMAL1 [63]. The third loop consists of 
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transcriptional activator albumin D-box binding protein (DBP) and the nuclear repressor factor 

interleukin (NFL)3 that are regulated via ROR. These genes regulate the expression of PER [63].  

The clinical variables that are used as endogenous rhythms are the rest/activity cycles, 

body temperature, and the time of onset of melatonin secretion in dim light [67]. When these 

parameters are normal, it is said that an organism has a normal chronobiological configuration 

[67]. Contrastingly, there is an external desynchronization when circadian cycles are not in 

accord with astronomical time (i.e., people who are unable to perceive light [67]), while internal 

desynchronization occurs when there is no synchrony between two or more endogenous rhythms 

[67].  

Various tissues of the organism exhibit autonomous biological rhythms in carrying out 

their function. Leukocytes, granulocytes, monocytes, CD4+, CD8+, B lymphocytes, and 

activated T cells reach a peak in the evening and decrease during the rest of the night reaching a 

minimum in the morning. Macrophages, T cells, dendritic cells, B lymphocytes [63], NK cells, 

mast cells, and eosinophils all have an autonomous circadian cycle [68]. Exposure of certain 

cells to stimuli such as TNF- increases the transcription genes related to the circadian cycle 

such as BMAL1 and CRY1 [69], which emphasizes the relationship of biological rhythms and 

inflammation.  

2.5 Circadian Clock on Health and Aspects of Autoimmunity 

As stated previously, circadian rhythms are daily variations in behavior and biological 

activity that stem from an intrinsic ability of organisms to align themselves with the 

environmental 24h light/dark cycle [70,71]. These rhythms originate from an internal biological 

clock system that drives many aspects of human physiology, including the sleep-wake cycle and 

daily variation in blood pressure, body temperature, and cortisol [72]. Biological rhythms are 

fundamental for homeostasis and are known to be involved in the regulatory processes of various 

organs and systems [71]. One of the most important endogenous biological rhythms and strongly 

related to inflammation and autoimmune diseases are the sleep-wake cycle. The sleep-wake 

cycle is regulated by a series of homeostatic mechanisms that increase during awake state and 

decrease during sleep as well as through the CLOCK pathway [73]. In mammals, only visible 

light (400-700 nm) is received by the retina, and it promotes neuroendocrine changes through the 

pituitary and pineal glands [74]. The pineal gland transforms neuronal signals into endocrine 

secretion of indolamines such as melatonin and oxytocin [75]. Studies have shown that the
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cellular components involved in the activation and maintenance of inflammatory pathways in the 

immune system are strictly controlled by circadian clocks, and modifications of the circadian 

rhythms and clock-controlled genes may negatively impair the immune system [75]. 

Mediators of the variations of inflammatory response through the circadian cycle include 

histamine, bradykinin, prostaglandins, and pro- and anti-inflammatory cytokines [74]; however, 

one of the most important mechanisms is hormonal and is related to the circadian variation in 

cortisol secretion [74]. Glucocorticoids suppress the production of inflammation perpetuating 

factors including IL-2 in T cells, IL-6 in glial cells, and -endorphins in lymphocytes [75], while 

IL-1, IL-6, and TNF- are factors that promote glucocorticoid secretion [75]. During pro- 

inflammatory stimuli, such as infection or in autoimmune diseases, there is release of cytokines 

that reach the brain. Some of them, such as IL-1 and TNF, are pro-somnogenic, while 

counteracting factors such as IL-4, IL-10, corticotropin-releasing hormone (CRH), and 

glucocorticoids have the opposite effect [73]. The need for sleep may be imperative to combat 

certain viral infections, as in the case of infectious mononucleosis or influenza [73]. During 

sleep, the levels of IL-2, IFN-, and IL-12 increase, which favors the appearance of a Th1 

phenotype [76,77] to combat viruses.  

Mounting evidence 

has also indicated the 

disruption of circadian 

regulation is associated with 

a wide variety of adverse 

health consequences, 

including increased risk for 

premature death, cancer, 

metabolic syndrome, 

cardiovascular dysfunction, 

immune dysregulation, 

reproductive problems, 

mood disorders, and 

learning deficits [68]. This 

suggests that the 
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misalignment between environmental cycles and endogenous circadian clocks can trigger and be 

correlated with local and systemic pathological symptoms/conditions. Nearly a decade of 

exploration has found that the circadian rhythms are involved in the initiation and progress of 

autoimmune diseases [68]. Circadian rhythms dysregulation, accompanied by abnormal 

synthesis and secretion of inflammatory cytokines have been observed in several autoimmune 

diseases, such as RA and MS [68,72], therefore autoimmune diseases can directly affect clock 

genes expression and potentially lead to a vicious cycle of inflammation. In addition, recent 

epidemiological studies have revealed that disruption of the circadian clock dysregulates immune 

responses which underlie the pathophysiological basis of many autoimmune diseases (Figure 3), 

suggesting an important regulatory role of the circadian system in autoimmune disease 

pathogenesis [68]. Consequently, understanding the effect of the interplay between 24h day-

night cycles and the immune system may assist in alleviating certain autoimmune disease 

symptoms. 

2.6 Autoimmune Diseases (RA, MS, SS) and Circadian Clock  

Common features of autoimmune diseases such as RA, MS, and SS include chronic 

fatigue. However, this results from aberrant circadian oscillations, including the altered rhythms 

of circulating cortisol and melatonin, which have already been observed in patients with RA 

[78].  

2.6.1 RA 

 RA is a chronic autoimmune systemic disease that impairs many organs and tissues and 

affects peripheral joints mainly in a symmetrical manner [78]. Compared with other autoimmune 

diseases, RA exhibits diurnal variation in symptoms, and patients have increased painful joint 

stiffness in the morning, which is associated with increased pro-inflammatory cytokines and 

hormones such as IL-6, TNF- and cortisol in the morning and midnight [79,80,81]. Meanwhile, 

the serum level of CRP peaks in the morning and drops later in the afternoon with the same 

oscillations to joint pain and stiffness patterns in RA patients [82]. The temporal variations are 

controlled by the circadian clock are locally regulated by the autonomous clock in the 

inflammatory organs and cells, which operate through circadian genes.  

2.6.2 MS 

MS is a chronic autoimmune disease of the central nervous system (CNS), with multiple 

pathophysiological mechanisms that can cause multifarious and multifocal clinical 
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manifestations, all of which are affected by external factors [83]. Circadian rhythms have far-

reaching effects on innate immunity, and the disturbance of the circadian clock is related to the 

increased incidence of MS [84]. Shift workers are accompanied by interruption of circadian 

rhythms and sleep restriction, which are related to the disorders of melatonin secretion and 

enhanced pro inflammatory responses and have a statistically significant association with MS 

[85,86,87]. Several studies have pointed out that the prevalence of MS varies with geographic 

latitude, which may be related to influence of latitude on circadian rhythms. Therefore, the 

genetic variations of key circadian rhythm genes contribute to MS risk [88,89]. BMAL1 and 

CLOCK gene mutations were associated with increased risk of MS [89]. REV-ERB knockout 

mice posed enhanced Th17-mediated expression of pro-inflammatory cytokines and infiltration 

of CD4+ T cells into the CNS, aggravating experimental autoimmune encephalomyelitis (EAE) 

in mice [90]. 

2.6.3 SS 

 SS is a chronic lymphoproliferative autoimmune disease associated with T and B-

lymphocytic infiltrate of exocrine glands [91]. A recent study showed that the mRNA and 

protein levels of clock genes are differently expressed in the serous acini and duct cells of all 

major salivary glands in patients with primary Sjogren’s syndrome (PSS) [91]. SS can present 

either as a primary process or a secondary phenomenon in patients with another underlying 

autoimmune disease, most commonly RA or SLE. It is found that expression levels of clock 

genes and aquaporin 5 (Aqp5) showed regulatory oscillatory patterns under both light/dark and 

complete dark conditions [91], suggesting that Aqp5 expression levels may be regulated by clock 

genes. Furthermore, RNA expression of clock genes correlated directly with salivary flow [91]. 

This novel finding of downregulation of clock gene expression and decreased salivary flow with 

SS supports the hypothesis that altered clock gene mechanisms may have a role in SS, and 

indeed, may have a role in autoimmune diseases in general.  

2.7 Circadian Chronotype 

 Chronotype refers to preferences for timing of sleep and wakefulness [92,93], and it aims 

to reflect individual differences in circadian rhythm. Determining chronotype is important as it 

affects many aspects of behaviour and health, including sleep duration [94], cognitive 

performance [95], and psychopathology [96]. Chronotype differentiation is also helpful for the 
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diagnosis and treatment of circadian rhythm sleep-wake disorders [97]. Objective measures can 

be used to estimate the relationship between time point of internal biomarkers, such as dim light 
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melatonin onset (DLMO) and core body temperature, and a zeitgeber (environment cue, such as 

daylight) [98]. The relationship between the time points of the internal marker and external cue is 

called phase of entrainment [99]. These biological measures exhibit high degrees of validity and 

reliability in assessing the circadian phase angle, but they are expensive and labor intensive and 

require high degree of subject participation [100]. Actigraphy may be used as an additional tool 

to estimate circadian phase angle [101]. Actigraphy is a non-invasive, objective measure of sleep 

that is reliable and valid compared to polysomnography in the measurement of sleep schedule 

and duration. However, it must be worn continuously at nights and requires participant’s 

compliance.  

Subjective measures of chronotype include questionnaires that ask about an individual’s 

expressed preference for morning or evening activities. These questionnaires such as MEQ can 

either classify individuals into categories (morning type, evening type, or neither type) based on 

preferences or report chronotype on a continuum as a dimensional construct where an individual 

can have greater “morningness” or “eveningness” depending on where they fall on the spectrum. 

One such dimensional measure is the MCTQ, a self-report questionnaire that collects 

information on an individual’s habitual sleep schedule during workdays and free days [102]. It 

estimates phase of entrainment by setting a reference point based on the reported sleep-wake 

cycle rhythm [98]. The reference point is the midpoint of sleep on free days and is calculated by 

determining the time point between reported bedtime and wake-up time on nonwork days, where 

there is less influence from societal commitments (such as work) on sleep schedule. One 

previous study found significant correlations between actigraphy-derived sleep start times, sleep 

end time, and midpoints of sleep [103]. The paucity of data is a problem because self-reported 

sleep data is prone to bias [104], and it is not yet clear whether and to what extent the 

information provided by self-reported surveys are accurate. 

2.8 Measures of Circadian Rhythms 

 Circadian rhythms can be observed in almost all physiological functions, but in humans 

there are three main outputs used to assess circadian rhythms to date: melatonin levels, core body 

temperature, and rest-activity cycles [98]. Given limited availability of some of these objective 

measures in the clinical setting, other tools such as sleep diaries and chronotype questionnaires 

can be used to aid clinical circadian rhythm sleep-wake disorders.  

The most reliable measures of central circadian timing in humans are the onset of
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melatonin secretion when measured in dim light conditions. The DLMO is believed to accurately 

represent the timing of the central circadian clock, called SCN as the secretion of melatonin from 

the pineal gland is controlled by this [105]. On average, melatonin levels begin to increase 2 to 3 

hours before the usual onset of nocturnal sleep [105], but melatonin must be measured in dim 

light as otherwise its secretion is suppressed by light. The DLMO can be obtained noninvasively 

from half hourly or hourly saliva samples, collected in the 6 hour or so before habitual sleep 

onset [105]. However, it is not always possible to measure the DLMO, due to the procedure 

requiring staff support and considerate participant effort, and the melatonin assay is relatively 

expensive. Thus, there remains a need for low-cost alternatives that can estimate circadian timing 

with little participant burden and under less artificial conditions.  

2.9 Symptoms of Autoimmune Diseases  

Although there is a large variety of autoimmune diseases with different symptomologies, 

pain and sleep appear to be common factors in most of these conditions [63,106]. Given that pain 

and fatigue severely affect QoL and disease burden, it is imperative to investigate the links 

between these symptoms and severity of each autoimmune disease. It is also important to 

acknowledge that the pain experienced in each autoimmune disease is unique. O’Connor et al. 

found pain in MS to be neuropathic [107], while Milin et al. associated RA with dryness-related 

discomfort and SS with diffuse pain [108]. Moreover, profound, and debilitating fatigue is the 

most common complaint reported among individuals with MS, SS, and RA [63,108,109]. 

Fatigue is broadly defined, which makes understanding the cause of its manifestations especially 

difficult in conditions with diverse pathologies including autoimmune diseases. Furthermore, it is 

estimated that 7-45% of people in the general population exhibit persistent fatigue [63], while 

almost 98% of individuals with autoimmune report that they suffer from fatigue [63]. Pain and 

fatigue can cause dramatic impairments in mood, diminish social aspects of life, lead to an 

inability to perform routine daily activities, and work [108]. Consequently, pain and fatigue can 

severely affect both well-being and QoL.  

As mentioned previously, a bidirectional relationship appears to exist between circadian 

disturbances with autoimmune diseases [108]. Chronic insomnia is associated with an increased 

incidence of developing autoimmune disease [108]. Findings in animal models of SLE also 

suggest that sleep deprivation could be involved in the etiology of the disease [63]. Moreover, 

short sleep duration of < 7h of sleep per night is associated with transitioning to SLE [63]. 
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Evidence also suggest that sleep deprivation could be involved in the etiology of the disease [63] 

as short sleep duration of < 7h of sleep per night is associated with transitioning to SLE [63]. 

Evidence also suggests that the sleep disorder narcolepsy has an autoimmune origin [63], while 

individuals with autoimmune disease often reported disturbed sleep [108]. In a mouse model of 

SLE, it was reported that an increased disturbance in sleep corresponded with the progression of 

the disease including increased sleep fragmentation and impaired sleep-stage transitions [63]. 

Therefore, the association of autoimmune disease and sleep is crucial, though compared to the 

documented number of autoimmune diseases, this area is widely under investigated.  

The correlation found in this study is relevant as it could pertain back to the association 

between pain, sleep, and fatigue and autoimmune diseases. Chronic pain is found in individuals 

with autoimmune disease, while up to 88% of individuals with chronic pain also reported 

disturbed sleep [63]. Conversely, it is reported that up to 50% of individuals with insomnia also 

indicate enhanced pain [63], which could contribute to fatigue.  

The intensity of symptoms and disease progression show a 24h pattern in many 

autoimmune diseases [68], therefore, as previously stated, disruption of the circadian clock could 

be an aggravating factor associated with symptom severity in autoimmune diseases. However, 

with limited clinical evidence with this association, there is still a need to elucidate these 

symptoms of MS, RA and SS as a novel diagnostic and prognostic tools to understand how 

autoimmune disease severity in pain, fatigue and sleep is impacted by disrupting the circadian 

clock or by differential chronotypes. This may lead to novel personalized therapeutic approaches 

that take in consideration each individual’s chronotype and the extent of circadian disruption to 

optimize outcome and improvement in QoL. Current guidelines recommend that the circadian 

phase of individuals with circadian rhythm sleep-wake disorders be measured with an objective 

measure such as DLMO or actigraphy [110]. Since it might not always be feasible for clinicians 

to objectively measure chronotype due to lack of access to actigraphy or DLMO timing, having a 

comparable measure that is easily accessible is essential.  

The study that establishes a correlation between autoimmune disease symptoms and the 

circadian clock will overcome current limitations and provide a greater insight into the impact of 

disturbances in these rhythms, resulting a decrease in QoL. Moreover, the adverse outcomes 

could display the potential to revolutionize a novel therapy for autoimmune diseases associated
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with the circadian clock. The correlational findings will provide a valuable resource for the wider

scientific community to pursue a multitude of studies that have not been possible due to 

limitations in investigating the severity of autoimmune diseases affected by disruption of the 

circadian clock or different chronotypes. We hypothesize that individual chronotypes and 

circadian clock traits directly correlate with differential severity of common autoimmune disease 

symptoms, such as pain, sleep, and fatigue in healthy participants.  

To further apprehend the link and assess the severity of autoimmune disease symptoms 

depending on one’s chronotype, a set of selective previously validated surveys were given to 

several healthy participants via an online platform to determine possible direct correlations. The 

feasibility of the project is supported by a growing body of epidemiological evidence 

demonstrating an association between altering circadian timing through shift work or frequent 

time zone travel and increased rates of autoimmune diseases [3]. The study of proteins and 

hormones related to biological rhythms have demonstrated new pathophysiological pathways of 

autoimmune diseases, which emphasized the use of general measures for sleep respect and 

methods for drug administration at key daily times to optimize their anti-inflammatory and 

immune modulatory effects [3]. Thus, analyses of the surveys are expected to provide an 

indication of the links between severity of autoimmune diseases symptoms and QoL and the 

disruption of the circadian clock. Additionally, identifying these critical associations may 

provide foundation in implementing specific circadian rhythm-based therapeutic strategies, such 

as a timely routine sleep schedule, light therapy, and specialized diets. Further understanding of 

the intersection between disruption of the circadian system and immune regulation may provide 

strategies to improve the prevention and management of autoimmune diseases. 

Collectively, the first objective of this study is to interpret whether any healthy 

participants with worsened conditions measured by the disease-related surveys for specific 

autoimmune diseases, such as MS, RA, and SS would have a higher severity of certain 

autoimmune disease symptoms. Secondly, to establish the direct correlation between the 

circadian clock traits (evaluated by a combination of validated surveys and the actigraphy that 

provides measures of circadian function over time) and the severity of each of the common 

symptoms (pain, sleep & fatigue measured by validated surveys) in autoimmune diseases. 

Thirdly, to examine the association between the MCTQ, a self-reported questionnaire that 

measures chronotype based on sleep schedule, and objective measures of sleep schedule using 



 19 

actigraphy. The long-term aim is to understand how disruptions of the circadian clock effect 

autoimmune disease trigger, progression, and severity of symptoms. Additionally validate tools 

that could be used to identify chronotypes of autoimmune disease patients to determine how their 

individual circadian physiology traits correlates to the severity of their symptoms. 
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CHAPTER 3: METHODOLOGY 

 

3.1 Patient-Reported Outcomes 

 The project will focus on patient reported outcome (PRO) surveys for the data collection 

process. A foundation for continuous quality improvement is to measure and compare care 

across practices and providers to translate successful management strategies to others [71]. 

Performance measurement has traditionally relied on routinely collected clinical information for 

infections, procedural complications, survival, or laboratory values [71]. However, the ultimate 

impact on outcomes experienced by patients, such as symptoms, functional status, and health 

related QoL [71], have rarely been assessed.  

Collection and analysis of PRO measures is increasingly considered a standard approach 

for evaluating patient experiences. A PRO is defined as information about the status of a 

patient’s health condition that comes directly from the patient, without interpretation of the 

patient’s response by a clinician or any other healthcare professional [71]. A patient-reported 

outcome measure (PROM) is a questionnaire used to elicit information directly from respondents 

[71]. The inclusion of patients’ direct reports involve how they feel and functions in quality 

assessment programs through the use of patient-reported outcome-based performance measures 

(PRO-PMs) [71]. PRO measurement is common in clinical trials and is gaining popularity in 

comparative effectiveness research and routine clinical practice. The process of patient’s self-

reporting can ultimately improve symptom management, QoL, communication and satisfaction 

with care [71]. Moreover, symptoms and functional status impairment are far more common than 

serious complications of treatment, such as hospitalizations or death [71]. As the ultimate end 

users of services, patients selecting a treatment or provider may have interest in outcomes based 

on previous reports of patients like themselves. 

3.2 Participants 

Fifteen participants were recruited from the dental clinic at the University of 

Saskatchewan for a pilot study examining the validity of tools for real time measurements of 

circadian clock physiology, i.e., the actigraphy that measures body temperature, movement, 

sleep, and light exposure and of an intra-oral device, the “Saliva Micro-Array Retainer” (SµR) 

that measures adequate melatonin saliva levels over 24-hour periods. The same participants were 

also evaluated by a combination of ten validated surveys to characterize the extent of circadian 
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clock disruption and the 

existence of common 

autoimmune disease 

symptoms (i.e., pain, 

fatigue, and sleep).  

Based on their 

verbal responses to an 

initial screening medical 

questionnaire, all 

participants were healthy 

individuals without a 

medical diagnosis of any 

autoimmune disease, 

psychiatric symptoms of 

personality, depression, 

or sleep disorders. 

Inclusion criteria were (i) 

ages 18-80 years old; (ii) 

consumption of moderate 

caffeine (< 300 mg/day) and alcohol (< 2 drinks/day); and (iii) body mass index (BMI) between 

18.5-29.8 kg/m2. This was to prevent interference with indirect circadian disruption that coffee, 

alcohol, and obesity can cause. Exclusion criteria were (i) all night shift workers and (ii) 

individuals with frequent time zone travels and jet-lags. The study was approved by the 

University of Saskatchewan Behavioral Ethics Board. Written informed consent was obtained 

from all the participants at the screening evaluation. The mean (SD) age of the participants was 

28 (10.5) years, and the mean (SD) weight was 148 (27.2) pounds (Table 2). 

3.3 Measures 

3.3.1 PROMIS (Patient Reported Outcome Measurement Information System) Pain 

Interference, Sleep Disturbance, and Sleep Related Impairment Short Forms 

PROMIS short forms are composed of unidimensional PROMIS item banks that were 

designed to measure comprehensive (i.e., physical, mental, social) self-reported health 
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framework from many domains. Domains are represented as hierarchies of dozens of items, 

called “item banks,” which are scaled using Item Response Theory (IRT). Moreover, this 

component of overall self-reported health is validated in large clinical and community samples. 

The PROMIS items are scaled from 1-5 with response options “Not at all,” “A little bit,” 

“Somewhat,” “Quite a bit,” and “Very much,” respectively within a 7-day timeframe. We 

assessed the responsiveness of the 4-item pain interference short form, 6-item sleep disturbance 

short form and the 8-item sleep-related impairment short form. Short forms rather than 

adaptively administered item banks were chosen as they were more easily adopted into the study 

data collection process and may be more feasibly adopted in a diversity of clinical setting. Raw 

scores were converted to IRT-derived T-scores using the manuals available at 

http://assessmentcenter.net.  

3.3.2 Sleep-Med Insomnia Index (SMI) 

The SMI incorporates features extrapolated from the International Classification of Sleep 

Disorder (ICSD) criteria for the diagnosis of insomnia and other clinical features of primary and 

co-morbid insomnia. The questions were formulated to address important sleep factors, including 

sleep latency, performance anxiety, first night effect, the frequency of awakenings, sleep 

reinitation, total sleep time, perceived sleep quality and impact on next day function. A 4-point 

measurement scale is used to rate each item (i.e., 0 = no problem with my sleep; 1 = slight 

problem with my sleep; 2 = moderate problem with my sleep; 3 = moderately severe problem 

with my sleep; 4 = severe problem with my sleep affecting all parts of my life). This is employed 

to discriminate participants with no or minimal insomnia symptoms and results in potential total 

scores ranging from the 10 questions range from 0 (indicating no sleep-related problems) to 40 

(suggesting significant insomnia-related complaints).  

3.3.3 Modified Fatigue Impact (MFIS) 

The MFIS derived from the original 40-item Fatigue Impact scale, is a 17-item scale 

recently developed by the US National Multiple Sclerosis Society (NMSS). It has been classified 

as a multidimensional scale and is intended to analyze different aspects of fatigue during the past 

4 weeks by assessing the impact on physical, cognitive, and psychosocial functioning. 

Participants rate on a 5-point Likert scale, where 0 (never) to 4 (almost always). The 

combination of seven items for physical status, eight items for cognitive status, and two items for 

http://assessmentcenter.net/
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psychosocial function status, renders the global score of the MFIS with higher numerical values 

indicating higher fatigue. 

3.3.4 Perceived Deficit Questionnaire (PDQ-5) 

The PDQ-5 consists of 5 items that was derived from the 20-item version. It instructs 

participants to assess their cognitive functioning within the past 4 weeks. Each item is rated on a 

5-point scale ranging from 0 (never) to 5 (almost always). This instrument consists of four 

subscales identifying domains commonly impaired in MS: attention, retrospective memory, 

prospective memory, and planning and organization. The combined subscales yield a total score 

ranging from 0 to 20, with a higher score indicating greater perceived cognitive impairment.  

3.3.5 Patient Activity Scale (PAS) 

The PAS quantifies severity of RA with a combination of single measures from the health 

assessment questionnaire and the patient’s assessment of pain in the past week for activities such 

as being able to dress yourself or shampoo your hair with any level of difficulty. The scale 

ranged from 1 (without any difficulty) to 4 (unable to do so). The disease activity scores were 

divided into remission, low/minimal, moderate, and high/severe.  

3.3.6 EULAR SS Patient Reported Index (ESSPRI) 

Dryness, pain, somatic and mental fatigue were identified as the main symptoms of 

patients with SS. ESSPRI gathers a single number on a scale from 0 (no symptoms) to 10 (severe 

symptoms) for each of the symptoms within the past two weeks. The final ESSPRI score is 

calculated by averaging where scores of < 5 indicate low disease activity and scores of > 5 

indicate high disease activity. 

3.3.7 MCTQ 

A self-report questionnaire collects information on an individual’s habitual sleep 

schedule during scheduled (i.e., work) days and free days. It was used to assess phase of 

entrainment by setting a reference point, “midpoint of sleep.” MCTQ variables included the 

following (a) sleep start, reported bedtime plus sleep onset latency; (b) sleep end, reported wake- 

up time; and (c) sleep duration, total amount of time (in minutes) between sleep start and sleep 

end times.  

3.3.8 MEQ 

The questionnaire has 19 questions to assess morning-eveningness, where it is framed in 

a preferential manner. The participants are asked to indicate when they would prefer to wake up
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and go to bed/sleep, rather than when they actually do. It also measures physical and mental 

performances and alertness after rising and after different activities. The scores are added, and 

the sum is converted into a 5-point morningness-eveningness scale indicating: definite morning 

type (70-86), moderate morning type (59-69), intermediate (42-58), moderate evening type (31-

41), and definite evening type (16-30). 

3.3.9 Actigraphy 

Actigraphy examinations were performed using a MicroMini Motionlogger (Ambulatory 

Monitoring Inc., AMI, NY, USA) with Zero-Cross mode (ZCM) using 1-minute bins, which was 

worn on the wrist of the non-dominant arm. In ZCM mode, the actigraphy counts the number of 

times the accelerometer waveform crosses 0, which means the gravity velocity value changes 

either from minus to plus or from plus to minus, for each time period. Participants were asked to 

wear it at all times over a week period, except for when they bathed or showered. After 

collection of the data, we manually screened all the data and excluded subjects who met the 

following criteria: (i) when the total recorded period was less than 5 days; (ii) when more than 

half of the data was bad; or (iii) when the data was clearly abnormal, which suggested a problem 

with the instrument. As a result of this screening process, we used 14 healthy control subjects (7 

males, 7 females).  

3.4 Procedure 

 Data collection was conducted in two sessions. On the first session, healthy participants 

were given an actigraphy and instructed to always wear it on the nondominant hand for seven 

consecutive nights, including both week and weekend night, as well as during free and scheduled 

(i.e., work) nights. Participants were then scheduled to answer questionnaires that were 

administered over the phone to collect demographic data, measure chronotype and symptoms of 

sleep, fatigue, and pain. Seven nights later, on the second session, the actigraphy was collected 

and the sleep data was extracted and analyzed.  

3.5 Analyses 

Using Action W-2 software from Ambulatory Monitoring Incorporation (AMI), we 

manually labeled the bad bins (when the subjects took off the instrument; Figure 4, colored in 

purple). The software calculated sleep time using the algorithm by Cole et al [111]. The Cole-

Kripke algorithm is considered appropriate for use with adult populations (ranging from 35 to 65 

years of age) [111], comparatively to the Sadeh algorithm used for younger populations (ranging 
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from 10 to 25 

years of age) 

[111]. Therefore, 

the Cole-Kripke 

algorithm was 

utilized as it was 

better suited for the 

population of our 

study. Then we 

determined 

DOWN bins, 

which denoted the 

time that the 

subjects were supposed to be in bed, semi-automatically using the same software and followed 

this with manual corrections (Figure 4, colored in light blue). Intervals not labeled as DOWN are 

labeled as UP. Note that only one continuous DOWN bin interval is labeled per day, and the 

UP/DOWN intervals basically correspond to UP and DOWN. Table 3 presents the actigraphy 

parameters of DOWN intervals from the same representative healthy participant. The raw data 

(activity counts by ZCM mode, indicator of good/bad, indicator of up/down) for each min bin 

were then exported to a comma, separated value file. 
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Means and standard deviations were calculated for actigraphy sleep measures and the 

MCTQ. Paired two-tailed t-tests were used to compare means between MCTQ measures and 

actigraphy sleep measures. Using excel, Pearson’s correlation coefficients (r) and linearity of 

scatterplots were analyzed to measure the associations between 1) PDQ-5 and the symptoms of 

autoimmune diseases; 2) ESSPRI and the symptoms of autoimmune diseases; 3) ESSPRI and the 

saliva collected 4) actigraphy extracted sleep minutes and the symptoms of autoimmune 

diseases; 5) actigraphy extracted activity mean and the symptoms of autoimmune diseases; 6) 

SMI and the symptoms of autoimmune diseases; 7) MCTQ measures and actigraphy sleep 

measures; 8) differential chronotypes and symptoms of autoimmune diseases and 9) MEQ and 

MCTQ. Furthermore, p-values were found to test for statistical significance. 
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CHAPTER 4: RESULTS 

 

4.1 PDQ-5 and Symptoms of Autoimmune Diseases 

We investigated 

whether there would be 

any direct correlations 

corresponding between 

cognitive impairment 

analyzed using the PDQ-

5 and the symptoms of 

autoimmune diseases 

using modified fatigue 

impact, sleep 

disturbance, sleep related 

impairment and pain 

interference validated 

surveys. As shown with the linear scatterplots in Figure 5a-c, there are significant positive 

correlations associated with higher cognitive functioning and higher fatigue impact, higher sleep 

disturbance, and higher sleep related impairment. Contrastingly, there was no correlation with 

cognitive functioning and pain interference as denoted in Figure 5d. Table 4 further supports 

these associations with Pearson’s correlation coefficients (r) and p-values. 

4.2 ESSPRI and Symptoms of Autoimmune Diseases 

The assessment of ESSPRI was utilized as healthy participants provided distinctive levels 

of somatic and mental fatigue, dryness, and pain on a scale of 0-10. Correlations were then 

determined by evaluating the linearity of scatterplots with the common symptoms of 

autoimmune diseases using the same validated surveys stated previously. When observing 

ESSPRI dryness levels, there were significant positive correlations with fatigue impact, sleep 

disturbance and sleep related impairment (Figure 6a-c). However, there was no substantial 

correlation between ESSPRI dryness and pain interference (Figure 6d). Additionally, there were 

strong positive correlations with ESSPRI fatigue and sleep disturbance, and sleep related
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impairment (Figure 6b 

and c). Interestingly, there 

were no associations 

between ESSPRI fatigue 

and fatigue impact and 

pain interference (Figure 

6a and d). Lastly, ESSPRI 

pain had mainly no 

significant correlations. 

This was ascertained in 

Figure 6abd, with no 

linearity between ESSPRI 

pain and fatigue impact, 

sleep disturbance, and 

pain interference. On the other hand, there was a negative correlation between ESSPRI pain and 

pain interference (Figure 6d). Table 4 further supports these associations with Pearson’s 

correlation coefficients (r) and p-values. 

4.3 ESSPRI (Dryness) and Saliva Collection 

 The ESSPRI survey 

distinguishes the level of 

dryness experienced by 

each healthy participant. 

Then, this value was 

correlated with the saliva 

collected in the intra-oral 

device, SµR which was 

fabricated to collect 

saliva in hourly intervals 

for a 24h period 

measured in min/mL. As 

shown with the scatterplot in Figure 7, no correlation was observed between the dryness levels 
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from ESSPRI, and the amount of saliva collected. Pearson’s correlation coefficient was also 

calculated to further justify this association (r = - 0.08). 

4.4 SMI and Symptoms of Autoimmune Diseases 

 We examined if there 

were any direct correlations 

associated with healthy 

participants who had a higher 

insomnia score with 

autoimmune disease 

symptoms. As shown in Figure 

8a-c, a strong positive 

correlation is perceived from 

the linear scatterplot with 

higher insomnia scores and 

greater fatigue impact, sleep 

disturbance and sleep related 

impairment. Contrastingly, no correlation was observed between insomnia scores from SMI and 

pain interference (Figure 8d). These results were further supplemented by the Pearson’s 

correlation coefficients (r) and p-values in Table 4. 
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4.5 Actigraphy Extracted Sleep Minutes and Symptoms of Autoimmune Diseases 

We analyzed and 

compared the 24h data from 

the healthy participants of 

the actigraphy data. By 

extracting their “sleep 

minutes” from the DOWN 

intervals (time in bed), the 

association between the 

participant’s sleep minutes 

and symptoms of 

autoimmune diseases were 

found. A negative correlation 

was determined with each of 

the autoimmune disease 

symptoms of fatigue impact, sleep disturbance, sleep related impairment, and pain interference 

and sleep minutes from the linear scatterplot (Figure 9a-d). Consequently, as one has less sleep 

minutes denoted by the actigraphy, the higher the impact of these symptoms. Pearson’s 

correlation coefficients (r) and p-values are denoted in Table 4.  

4.6 Actigraphy 

Extracted Activity 

Mean and Symptoms of 

Autoimmune Diseases 

Activity mean 

was extracted from the 

actigraphy from the 

DOWN intervals (time in 

bed) similar as above 

with the sleep minutes. 

Activity mean 

determines the amount of 
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movement analogous to one’s sleep. Several studies have found if one moves constantly 

throughout the night, this can lead to restless sleep as well as unfavorable consequences with 

next day functions [76]. Therefore, examining the correlation between activity mean in one’s 

sleep and the symptoms of autoimmune diseases further explores this discussion. As shown in 

Figure 10a and c, a strong positive correlation is observed with activity mean and fatigue and 

pain interference. However, there was no correlation between activity mean and sleep 

disturbance and sleep related impairment (Figure 10b and d). Table 4 further supports these 

associations with Pearson’s correlation coefficients (r) and p-values.  

4.7 MCTQ and Actigraphy Sleep Measures 

The range of night utilized was seven nights for healthy participants to be included in 

analyses. Participants had at least two nights of sleep data on free days necessary to analyze free 

days and at least two nights of sleep data on scheduled days necessary to analyze scheduled days. 

73% of the sample reported not using an alarm on free days. The data for all variables was 

normally distributed. MCTQ-derived midpoint of sleep on free days was 4:18 (SD = 1:15), while 

that measured by actigraphy was 4:02 (SD = 1:19). There was no significant difference between 

the means of these two groups (t = - 0.95, p > 0.05). A strong correlation was found between 

these two measurements (Table 5). When correlations were analyzed by sex or age group, the 

correlation remained statistically significant for each of the groups.  

Table 5 presents the correlations obtained from the MCTQ and actigraphy for the sleep 

schedule and duration on both work and free days.
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4.8 Differential Chronotypes and Symptoms of Autoimmune Diseases 

Chronotype refers to the natural inclination of your body to sleep at a certain time, or 

what most people understand as being an early bird or a night owl. In addition to regulating sleep 

and wake times, chronotype has an influence on appetite, exercise, and core body temperature 

[98], and therefore we wanted to apprehend if these differential chronotypes of these healthy 

participants have any association to symptoms of autoimmune disease severity. As mentioned 

previously, the MEQ defines the participants as either more of a morning type or an evening 

type. Scoring of 16-50 indicates more of an evening type, with lower the numerical value the 

more definite evening type, opposed to the scoring of 51-86 exhibiting morning types, with 

higher the numerical value the more definite morning type they were classified as. As shown in 

Figure 11a and b, when differentiating separately into evening types, there is a negative 

correlation perceived between more definite evening types and fatigue impact, and sleep 

disturbance. However, there is no correlation when it comes to sleep related impairment and pain 

interference (Figure 11c and d). These values are further supported with Table 6. Furthermore, 

when discriminated into morning types, a positive correlation was associated with more definite 

morning types and pain 

interference (Figure 

11d). Contrastingly, no 

correlation was 

observed between 

definite morning types 

and fatigue, sleep 

disturbance and sleep 

related impairment 

(Figure 11a-c). These 

are again supported by 

the Pearson’s 

correlation coefficients 

(r) and p-values in 

Table 6. 
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4.9 MEQ and MCTQ 

 Lastly, the two circadian clock measures were assessed comparatively. As the MCTQ 

was divided into workdays and free days, the midpoints of workdays were utilized for this 

analysis. The midpoint of sleep on working days represents the interaction between individual’s 

sleep-wake behavior and working routines. It plays an essential role as a stress factor and may be 

a useful alternative variable related to chronodisruption. Moreover, the midpoint of sleep is the 

clock time between sleep onset and waking up and is often correlated with DLMO and seems to 

be a reliable marker of chronotype [100]. Therefore, the association between midpoints on 

workdays obtained from MCTQ and the MEQ classified morning type and evening type 

chronotypes were 

correlated. As shown with 

the negative linear 

scatterplot in Figure 12, 

there is a significant 

negative association 

observed between 

MCTQ-derived midpoints 

and MEQ. Pearson’s 

correlation coefficient 

was also calculated to 

further justify this 

association (r = - 0.84).
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CHAPTER 5: DISCUSSION 

 

5.1 Discussion 

5.1.1 Disease-Related Surveys 

The first objective of the study was to interpret whether any healthy participants with 

aggravated conditions evaluated by the disease-related surveys would have a higher severity of 

certain symptoms of autoimmune diseases, including fatigue impact, sleep disturbance, sleep 

related impairment and pain interference. This study intends to evaluate novel prognostic clinical 

protocols that may serve as identifying individuals with high risk of developing autoimmune 

diseases.  

Cognitive fatigue often involves declines in alertness, orientation, and mental 

performance on cognitive tasks and is associated with feelings of more exhaustion that follow 

sustained cognitive demands [72]. Individuals with autoimmune disease, such as MS, often 

experience cognitive deficits and increased perceived cognitive fatigue and sleep associated with 

impaired cortical brain activity as determined using near infrared spectroscopy [72]. To further 

apprehend, we utilized the PDQ-5 to find the association between PDQ-5 scores and other 

symptoms of autoimmune diseases. As expected, there were significant positive correlations 

observed with higher cognitive functioning and higher fatigue impact, higher sleep disturbance, 

and higher sleep related impairment (r = 0.94, r = 0.93, r = 0.92, respectively). Contrastingly, 

there was no correlation with cognitive functioning and pain interference (r = - 0.23).  

It has been previously revealed sleep disturbance to be a common complaint among SS patients 

and an important cause of chronic fatigue [112]. Moreover, participants perceived that some of 

their symptoms interrupted their sleep including pain, discomfort, and dryness. Specific sleep 

problems in SS include difficulty with sleep onset, night awakenings, altered circadian rhythm, 

dryness, and short sleep duration [112,113]. Accordingly, when observing ESSPRI dryness 

levels, there were significant positive correlations with fatigue impact, sleep disturbance and 

sleep related impairment (r = 0.89, r = 0.77, r = 0.82, respectively). However, there was no 

substantial correlation between ESSPRI dryness and pain interference (r = 0.02). Additionally, 

there were strong positive correlations with ESSPRI fatigue and sleep disturbance and sleep 

related impairment (r = 0.90 and r = 0.72). Interestingly, there were no associations between 
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ESSPRI fatigue and fatigue impact and pain interference (r = 0.12 and r = - 0.24) and ESSPRI 

pain also mainly showed no significant correlations, except for pain interference (r = 0.76). 

As dry mouth in SS is a common complaint reported by patients, we compared whether 

the amount of saliva collected for each participant would indicate correlational dryness levels 

measured by ESSPRI. More recent evidence, however, indicates that the severity of secretory 

dysfunction does not necessarily correlate with the degree of lymphocytic infiltration and 

glandular destruction [114]. Dawson et al. proposed an alternative model of glandular 

dysfunction, referred to as the non-apoptotic model, in which mechanisms reducing or inhibiting 

water transport are thought to cause reduced salivary flow [114]. Nonetheless, unstimulated 

salivary flow also correlates poorly with symptoms of mouth dryness [115,116]. Interestingly, as 

noted, the healthy participants exhibited no correlation between amount of saliva collected and 

the dryness levels obtained from ESSPRI (r = - 0.08). As a consequence, glandular dysfunction 

is not only strictly linked to saliva volume and hence, does not explain the symptoms 

experienced by SS patients due to the lack of saliva, which includes sensations of burning 

mucosal ulceration, difficulties in swallowing and a high incidence of both bacterial and fungal 

infection [117]. In this respect, salivary mucins are likely to be relevant, since they form a film 

that covers, lubricates, and protects the oral epithelium against desiccation and environmental 

insults. 

Sleep disorders, such as sleep apnea, insomnia, and rapid eye movement (REM) sleep 

behavior disorder are associated with enhanced levels of inflammatory molecules [118]. Since 

inflammation can induce fatigue, it is plausible that neuroinflammation occurring with disturbed 

sleep or sleep loss could have a correlation with fatigue in individuals with autoimmune diseases. 

Therefore, the association was found between SMI scores and autoimmune disease symptoms to 

further explore this vicinity. As expected, a strong positive correlation was perceived with higher 

insomnia scores and greater fatigue impact, sleep disturbance and sleep related impairment (r = 

0.95, r = 0.89, r = 0.87). Contrastingly, no correlation was observed between insomnia scores 

from SMI and pain interference (r = - 0.07). In a variety of species, including rats, mice, and 

rabbits, pro inflammatory cytokines can enhance non-rapid-eye movement sleep when applied to 

the periphery or CNS [119], although IL-1 and TNF- are the most thoroughly investigated. 

Collectively, these findings support the idea that dysregulated homeostatic cytokine expression 

in autoimmune diseases may contribute, in part, to sleep disturbances in individuals with 
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autoimmune disorders. Moreover, it is reasonable that sleep loss, which enhances pro-

inflammatory cytokines, could have a correlation with sleep related symptoms in autoimmune 

disease. Indeed, prolonged sleep deprivation using a multiple platform method in an animal 

model of SLE using New Zealand Black/New Zealand White F1 mice were shown to exhibit 

earlier onset of disease like symptoms [119].  

Furthermore, it is necessary to acknowledge no variations were observed in the healthy 

participants responses for PAS regarding difficulty levels of their daily functions. They were 

presumed to be low remission, and as a result no data analyses were conducted.  

5.1.2 Actigraphy Measures 

 Actigraphy devices are worn on the wrist and record movement that can be used to 

estimate parameters for sleep with specialized algorithms in computer software programs. With 

the recent establishment of a Current Procedural Terminology code for wrist actigraphy [120], 

this technology is being used increasingly in clinical settings as actigraphy has the advantage of 

providing objective information on sleep habits in the patient’s natural sleep environment. 

Actigraphy has been well validated for the estimation of nighttime sleep parameters across age 

groups, but the validity of the estimation of sleep onset latency and daytime sleeping is limited. 

Clinical research suggests that wrist actigraphy is particularly useful in the documentation of 

sleep patterns prior to a multiple sleep latency test, in the evaluation of circadian rhythm sleep 

disorder [120]. Although actigraphy should not be viewed as a substitute for clinical interviews, 

sleep diaries, or overnight polysomnography when indicated, it can provide useful information 

about sleep in the natural sleep environment or when extended monitoring is clinically indicated.  

In adults, sleep loss generally refers to a shorter duration of sleep than the average need 

of 7 to 8 hours per night. The main symptom of sleep loss is excessive daytime sleepiness, but 

other symptoms include depressed mood and poor memory or concentration [118]. Chronic sleep 

loss has shown to exhibit serious consequences for health, performance, and safety [118]. Recent 

studies find that at least 18% of adults report receiving insufficient sleep [118]. In the past 10 or 

more years, research has overturned the dogma that sleep has no health effects, apart from 

daytime sleepiness. However, studies have suggested that sleep loss (less than 7 hours per night) 

may have wide-ranging effects on the cardiovascular, endocrine, immune, and nervous systems 

[118]. For example, when a person sleeps less than 7 hours a night there is a dose-response 

relationship between sleep loss and obesity: the shorter the sleep, the greater the obesity, as 
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typically measured by BMI [118]. This was further investigated by recognizing the association 

between sleep minutes and the severity of autoimmune diseases. In accordance with the 

literature, a negative correlation was determined with each of the autoimmune disease symptoms 

of fatigue impact, sleep disturbance, sleep related impairment, and pain interference and sleep 

minutes (r = - 0.87, r = - 0.81, r = -0.87, r = - 0.81, respectively). Consequently, the less sleep 

minutes denoted by the actigraphy, worser symptoms of autoimmune diseases were observed.  

Sleep is normally a placid, relaxed state but can be completely altered in patients with 

autoimmune diseases. The differential diagnosis of nocturnal movements and behaviors in these 

patients is complex, ranging from voluntary movements to parasomnias, hallucinations, or 

seizures [113]. Although, voluntary movements to change positions in bed is normal, at times 

this can occur incessantly, especially in insomnia and must be differentiated from sleep-related 

movements. Involuntary movements and behaviours of autoimmune diseases can be classified 

into four groups. First, irregular body or periodic limb movements awake or during sleep (at any 

sleep stage and period of the night), are typical of anti-IgLON5 disease and occur in patients 

with anti-DPPX encephalitis [113]. Second, complex, quasi-purposeful, non-violent movements, 

with the eyes closed, and imitating daytime activity (i.e., eating and sewing) are characteristics of 

anti-IgLON5 disease and Morvan syndrome [113]. Third, confused arousals in which patients 

suddenly wake up from sleep, open the eyes, or slow speech can occur in MS [113]. Last, 

vigorous, more violent, jerky movements of dream enactment with vocalizations (mumbling, 

talking, shouting) can suggest REM sleep behaviour disorder and exemplified to be correlated 

with different autoimmune diseases symptoms [113]. To further reinforce this phenomenon, the 

association was found between activity mean in one’s sleep measured by the actigraphy and the 

symptoms of autoimmune disease. A strong positive correlation was observed with activity mean 

and fatigue impact and pain interference (r = 0.90 and r = 0.96), indicating higher the movement 

in sleep causing worsened fatigue impact and pain interference. Interestingly though, there was 

no correlation between activity mean and sleep disturbance and sleep related impairment (r = - 

0.03 and r = 0.14), as we would expect more movement in one’s sleep to cause more sleep 

disturbance and sleep related impairment.  

The second objective was to compare the MCTQ-derived midpoint of sleep on free days 

with those calculated using actigraphy to assess the accuracy of self-reported surveys. The 

MCTQ- and actigraphy-derived midpoints of sleep were significantly and strongly positively
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correlated (Table 5), and the mean MCTQ- and actigraphy-derived midpoints were not 

significantly different (t = - 0.95, p > 0.05).  Collectively, the present data provide evidence of 

strong agreement on average between MCTQ-derived measures of midpoint of sleep on free 

days and those derived from actigraphy. Thus, these findings provide further support for the use 

of MCTQ to assess chronotype for both research and epidemiological purposes.  

 While significant correlations between MCTQ- and actigraphy-derived measures for 

sleep start, sleep end, and sleep duration were found (Table 5), there were significant differences 

between the means. Therefore, these measures of sleep behavior are prone to bias when 

compared to an objective measure such as actigraphy. Sleep times were more accurately reported 

on free days than on workdays. Participants may have responded the MCTQ with their idealized 

sleep schedule for workdays, rather than accurate describing their actual sleep schedule. Previous 

studies that compared the MCTQ-derived midpoint of sleep with DLMO found that they were 

associated [100]. Thus, it may be interesting to compare how both the MCTQ and actigraphy 

compare to DLMO. It may also be practical to use to compare sensitivity and specificity of the 

MCTQ and actigraphy for diagnosing circadian rhythm sleep-wake disorders in a clinical 

population.  

5.1.3 Circadian Clock Surveys 

The third objective was to determine if there were any correlations between certain 

circadian clock traits or chronotype and symptom severity of common autoimmune diseases, 

fatigue impact, sleep disturbance, sleep related impairment and pain interference. Chronotype, 

reflecting interindividual differences in daily activity patterns and sleep-wake cycles is 

intrinsically connected with well-being. Research indicates increased risk of many adverse health 

outcomes for evening-type individuals [121]. Among patients, evening types tend to exhibit 

worse symptom severity and increased psychological distress, higher suicidality, and more 

impairment in their daily lives (including work), and more symptoms of anxiety [122,123,124]. 

Not surprisingly, sleep is on average earlier on workdays than on free days and there is less 

interindividual variation in its timing. Several studies have observed that later chronotypes suffer 

more from sleep loss caused by their work schedules [125]. This is supported by evening types 

portraying a negative correlation between more definite evening types and fatigue impact, and 

sleep disturbance (r = - 0.92 and r = 0.94). However, there is no correlation when it comes to 

sleep related impairment and pain interference (r = 0.15 and r = - 0.28). Furthermore, when 
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discriminated into morning types, a positive correlation was associated with more definite 

morning types and pain interference (r = 0.96). Contrastingly, no correlation was observed 

between definite morning types and fatigue, sleep disturbance and sleep related impairment (r = -

0.44, r = 0.11, r = - 0.50). These results can further contribute to current literature regarding 

evening chronotypes exhibiting exacerbation of disease and symptoms. Moreover, eveningness 

has been associated with a lower behavioural activation system, which in turn leads to lower 

reward responsiveness and lower positive affect, and consequently depressive symptoms [126]. 

Some have reported that depressive symptoms tend to worsen towards the evening hours, 

possibly explaining why evening type people may spend more time in depressed mood states 

[123]. Sleep disturbances have also been proposed as mediators, wherein the disturbed or 

insufficient sleep of evening type individuals place them at risk for autoimmune disorders [118]. 

However, in a sample of 1170 Japanese adults, eveningness was associated with an increased 

incidence of autoimmune disorder independent of sleep complaints, such as poor subjective sleep 

quality and daytime sleepiness [127]. When exploring social jetlag, the misalignment between 

the internal clock and the social clock (i.e., timing of social obligations) was related neither to 

autoimmune disease, nor to autoimmune disease symptoms [128], consequently additional 

studies are warranted for establishing mediators of the eveningness-autoimmune disease 

relationship.  

To test the validity of both questionnaires, MEQ and MCTQ, the midpoints were utilized 

from the MCTQ workdays and the classifications from MEQ of morning and evening types were 

correlated. There was a significant negative association observed between MCTQ-derived 

midpoints and MEQ (r = - 0.84). While sleep duration on workdays is directly influenced by the 

alarm clock, it may still be influenced on free days by the work schedules as an “after effect” for 

people who work, particularly later chronotypes, must compensate for the sleep debt 

accumulated during the work week [102]. Since sleep duration shows little systemic variation 

with MEQ score nor with MCTQ-derived chronotype, each chronotype category contains a 

similar portion of short and long sleepers. Thus, short sleepers appear to go to bed later and rise 

earlier around their individual midpoint on workdays, while longer sleepers go to be earlier and 

rise later around their midpoint on workdays. Our analysis demonstrates that an estimate of the 

actual timing of sleep on workdays obtained with the MCTQ is strongly related to the MEQ 

score, and that the timing of midsleep on workdays is a good predictor of chronotype (as judged 
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by sleep preferences). Detailed information on the timing of human behavior under natural 

circumstances and the refined description of the individual chronotype are prerequisites for 

future research on the mechanisms of circadian rhythm generation and entrainment.  

Although we were only able to recruit healthy participants in this study, collectively, this 

project elaborates on the current literature and our findings have relevant clinical implications. 

As sleep and circadian clock traits seem to have an influence on exacerbation of common 

autoimmune diseases symptoms, these results suggest that a comprehensive sleep and circadian 

clock evaluation should be included in the routine clinical assessment of autoimmune diseases. 

Self-report measures such as MEQ and MCTQ should be adopted as a screening tool to identify 

circadian clock traits and chronotypes. However, whenever sleep difficulties are reported, further 

detailed examinations using other tools, such as polysomnography recordings may be indicated. 

For prompt recognition and proper management of these autoimmune diseases, paying attention 

to whether the normal circadian rhythms are out of balance could enhance QoL, leading to a 

global reduction of suffering in autoimmune disease patients.  

5.2 Limitations 

 The present study had some limitations. Firstly, due to COVID-19, there were many 

additional measures that had to be undertaken for this project to commence. Due to restrictions at 

the hospital, the research was challenged methodologically for obvious reasons, as we were 

unable to work with any of the participants in person. The methods reported before and ones 

used traditionally in patient-oriented research were not an option during COVID-19. Likewise, 

for research to achieve social impact in this area, waiting for restrictions to lift was not a 

possibility, as doing so would mean prioritizing certain methods over social impact. Therefore, 

the employment of new modes of qualitative inquiry emerged as necessary. Unfortunately, due 

to lack of interest in the project, we were also unable to recruit any autoimmune disease or 

chronic insomnia patients. Therefore, no differences between the study groups were reported.  

Moreover, we had an extremely small sample size making it difficult to determine if a 

particular outcome was a true finding, where in some cases a type II error may occur (i.e., the 

null hypothesis is incorrectly accepted). Variability can also be an issue as it is determined by the 

standard deviation of the population; the standard deviation of a sample is how far from the true 

results of the survey might be from the results of the sample you collected. Majority recommends 

surveying as large a sample size as possible; the larger the standard deviation, the less accurate 
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your results might be, since smaller sample sizes get decreasingly representative of the entire 

population. As well as a small sample size affects the reliability of a survey’s results due to 

higher variability, leading to bias. The most common case of bias is a result of non-response. 

Non-response occurs when some subjects do not have the opportunity to participate in the survey 

[129]. For example, if you call 100 people between 2 and 5 p.m. and ask whether they feel that 

they have enough free time in their daily schedule, most of the respondents might say “yes.” This 

sample and the results may be biased, as most workers are at their jobs or schools during these 

hours.  

Secondly, all data were collected using the Action-W device. Therefore, the results of this 

study must be interpreted with some caution as differences between actigraphy data may occur 

when using different algorithms. Additionally, our data were collected using the ZCM mode. 

ZCM is a measurement of movement frequency and has typically been used to identify the sleep-

wake interference in adults [120]. Therefore, we selected this mode, but validation of data-

collecting modes remains controversial.  

 Although actigraphy is an objective measure of sleep vs wakefulness, it has not been 

validated for measuring sleep stages. Actigraphy is prone to overestimating sleep in certain 

patient groups [113], therefore, a discussion of the limitations of this technology is warranted. 

When comparing actigraphy’s ability to assess sleep parameters to the “gold standard” of 

polysomnography, it has shown excellence concordance in the measurement of total sleep time 

among healthy subjects, with a sensitivity > 90% [120]. However, the ability to detect sleep is 

substantially reduced in patients with disturbed sleep (i.e., those who have frequent arousals and 

reduced total sleep time) [113]. As sleep is inferred from lack of movements from actigraphy, 

subjects who are awake but lie motionless can be classified incorrectly as being asleep, and thus 

further supports the technique is biased toward overestimating time of sleep. This may present a 

specific challenge for patients with insomnia and may partially explain the limited validity of 

wrist actigraphy for estimating sleep onset latency. Additionally, it could be a concern among 

individuals who are hospitalized, or bed bound, as these individuals may not have as much 

activity during wakefulness.  

Participants were between 18 and 65 years of age, and the majority (93.3%) were dental 

students, although the results remained significant when occupation was included as a covariate. 

It is possible that a study with older or employed participants could yield different results as 
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circadian preference changes with age and scheduling from employment changes sleep behavior 

[130]. While most participants reported using an alarm clock on free days, removing these 

participants did not change the result. Another limitation of the study is related to the fact that the 

definition of free day in this study would include individuals who are awaken not due to their 

work schedule but rather from external factors such as children or pets.  

5.3 Future Directions 

 Although light at night from modern electronic devices, among many other triggers may 

be responsible for the extent of circadian disruption affecting the severity of autoimmune 

disease-like symptoms discussed above, contrastingly, these devices may also provide additional 

assistance in improving disease-related outcomes. A recent study analyzing digital logon data 

from nearly 15,000 students reported that circadian disruption (social jet lag) negatively affects 

learning outcomes, and furthermore that these data could be used to time educational activities to 

minimize impairments in performance caused by circadian disruption at the individual and 

population levels [131]. With the prevalence of hand-held and wrist-worn devices today, it may 

also be possible to leverage data from these devices to predict and monitor the extent of circadian 

clock disruption and its association with the severity of symptoms in autoimmune patients. It has 

been shown that passively collected data from mobile phones can be used to monitor and predict 

real time behavioral indicators of depression and post-traumatic stress disorder [131]. In future 

studies, it might be informative to consider leveraging data from the devices’ sensors to monitor 

ambient light, at eye level, in association with the other data collected to investigate whether 

exposure to light at night is a predictive cofactor in autoimmune diseases.  

Additionally, future studies should focus on expanding both the clinical and basic science 

literature in relation to circadian disruption and autoimmune diseases. There are numerous 

studies in humans examining the effect of shift work on behavioral and psychiatric health, 

however, the number of studies examining the effects of jet lag on autoimmune diseases are 

modest. In 2017, commercial airlines carried more than 4 billion passengers (> 50% of the 

world’s population). Hence, modern air travel has greatly increased the likelihood of 

experiencing in circadian rhythms. Clinical and basic science research should reflect the 

increased prospect of experiencing circadian disruption via jet leg. As noted, ~ 80% of the 

population suffers from social jet leg. Thus, it is essential to understand the consequences of 

social jet lag on autoimmune diseases and appropriately manage them. Ultimately, the expansion 
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of research in this field will broaden our knowledge and may result in novel treatments to 

improve patient’s QoL and outcomes.
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CHAPTER 6: CONCLUSIONS 

 

 Elucidation of the circadian clock mechanisms, traits, and disruption guarantees a better 

understanding of challenges that patients with autoimmune diseases may face. This is supported 

by the biologic rhythmicity that may be related to exacerbation of disease symptoms. It also 

opens a fascinating new area of research linking the circadian clock and autoimmune diseases. 

To the best of our knowledge, no previous study has evaluated the distinct variation of 

actigraphy measures, validated surveys, circadian clock traits and chronotype to quantify the 

association between circadian clock disruption and symptoms of autoimmune diseases. A real-

life study like the present one offers the chance to examine the complexity of autoimmune 

diseases and all the attendant factors in relation to circadian clock traits and chronotypes. This 

study specifically underlines the importance concerning healthy participants that disruption with 

sleep or certain chronotype factors can indeed aggravate certain autoimmune disease symptoms. 

The causal mechanisms of this relationship have not yet been elaborated in many studies. The 

fact that the circadian programme and sleep are so tightly coupled and that both may have an 

individual role in balancing health and disease complicates the search for mechanisms even 

further. The insight that misalignment between different elements of the circadian programme is 

at the basis of the mechanisms link clock and autoimmune disease is becoming increasingly 

clear. Consequently, the path forward should involve describing the entire surface of alignments, 

the constellation of phases, to establish normal distributions therein. At that point, protocols to 

detect suboptimal entrainment can be established and the use of zeitgebers to return to optimal 

entrainment can be developed. 

Moreover, MCTQ- and actigraphy- derived midpoints of sleep on free days were on 

average the same between the two measures and there were strong associations found between 

MCTQ-derived midpoints of workdays and MEQ measures of chronotype. These findings 

support the use of the MCTQ to assess chronotype, but not for treatment time that requires a 

precise assessment of chronotype. The MCTQ self-reported sleep schedules do not necessarily 

represent actual behavior. As the circadian system’s role in health is better understood, the need 

to assess circadian rhythms has expanded. Even current methods of assessing circadian rhythms 

are not readily available to the average physician for use in the management of patients with 

circadian rhythm disturbance, rather they are relegated to the research environment. Translation 
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of currently available methods of assessing circadian rhythms to the clinical environment, and 

development of new simple and cost-effective methods for the assessment of circadian rhythms 

will be essential for the future of circadian medicine.  
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APPENDIX A: Sleep Disturbance PROMIS 6a short 
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APPENDIX B: Sleep Related Impairment PROMIS 8a short 

 

 

 

 



 

 60 

APPENDIX C: Pain Interference PROMIS 4a short 
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APPENDIX D: MFIS 

 

 

Modified Fatigue Impact Scale (MFIS)

Fatigue is a feeling of physical tiredness and lack of energy that many people
experience from time to time.  But people who have medical conditions like MS
experience stronger feelings of fatigue more often and with greater impact than others.  

Following is a list of statements that describe the effects of fatigue.  Please read each
statement carefully, the circle the one number that best indicates how often fatigue has
affected you in this way during the past 4 weeks.  (If you need help in marking your
responses, tell the interviewer the number of the best response.)  Please answer every
question.  If you are not sure which answer to select choose the one answer that comes
closest to describing you.  Ask the interviewer to explain any words or phrases that you
do not understand.

Because of my fatigue during the past 4 weeks 

N
e
v
e
r

R
a
re

ly

S
o
m

e
ti
m

e
s

O
ft

e
n

A
lm

o
s
t

A
lw

a
y
s

1. I have been less alert. 0 1 2 3 4

2. I have had difficulty paying attention for long periods of
time.

0 1 2 3 4

3. I have been unable to think clearly. 0 1 2 3 4

4. I have been clumsy and uncoordinated. 0 1 2 3 4

5. I have been forgetful. 0 1 2 3 4

6. I have had to pace myself in my physical activities. 0 1 2 3 4

7. I have been less motivated to do anything that requires
physical effort.

0 1 2 3 4

8. I have been less motivated to participate in social
activities.

0 1 2 3 4

9. I have been limited in my ability to do things away from
home.  

0 1 2 3 4

10. I have trouble maintaining physical effort for long
periods.

0 1 2 3 4

11. I have had difficulty making decisions. 0 1 2 3 4

12. I have been less motivated to do anything that requires
thinking

0 1 2 3 4

13. My muscles have felt weak 0 1 2 3 4

14. I have been physically uncomfortable. 0 1 2 3 4

15. I have had trouble finishing tasks that require thinking. 0 1 2 3 4

16. I have had difficulty organizing my thoughts when doing
things at home or at work.

0 1 2 3 4

17. I have been less able to complete tasks that require
physical effort.

0 1 2 3 4
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APPENDIX E: PDQ-5 
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APPENDIX F: PAS 

 

 

Wash and dry your body?

Take a tub bath?

Get on and off the toilet?

Reach and get down a 5 pound object (such as a

bag of sugar) from just above your head?

Bend down to pick up clothing from the floor?

Open car doors?

Open jars which have been previously opened?

Turn faucets on and off?

Run errands and shop?

Get in and out of a car?

Do chores such as vacuuming or yard work?

Place an X in the box which best describes your

usual abilities OVER THE PAST WEEK:

Are you able to:

Without Any

Difficulty

With Some

Difficulty

With Much

Difficulty
Unable

To Do

We are interested in learning how your illness affects your ability to function in daily life.  Place an X in the box which best

describes your usual abilities OVER THE PAST WEEK:
Without Any

Difficulty
With Some

Difficulty

With Much

Difficulty

Unable

To Do
Are you able to:

Dress yourself, including shoelaces and buttons?

Shampoo your hair?

Stand up from a straight chair?

Get in and out of bed?

Cut your meat?

Lift a full cup or glass to your mouth?

Open a new milk carton?

Walk outdoors on flat ground?

Climb up five steps?

Patient Activity Scale (PAS)

Please place an X in the box beside any AIDS or DEVICES that you usually use for any of the above activities:

Bathtub bar Raised toilet seat Long-handled appliances for reach

Long-handled appliances in bathroom

Jar opener for jars previously opened

Other (please specify)

Please place an X in the box beside any categories for which you usually need HELP FROM ANOTHER PERSON:

Hygiene Reach Gripping and Opening Things Errands and Chores

Please place an X in the box beside any aids or devices that you usually use for any of the above activities:

Dressing and Grooming Arising Eating Walking

Cane Crutches Walker Wheelchair Built up or special utensils Special or built up chair

Devices used for dressing (button hook, zipper pull, long handled shoe horn) Other (please specify)

Place an X in the box beside any categories for which you usually need HELP FROM ANOTHER PERSON:

Draft
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APPPENDIX G: ESSPRI  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The European League Against Rheumatism (EULAR) Sjögren's Syndrome Patient Reported 
Index (ESSPRI). 

Raphaèle Seror et al. Ann Rheum Dis 2015;74:859-866

©2015 by BMJ Publishing Group Ltd and European League Against Rheumatism
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APPENDIX H: SMI 
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APPENDIX I: MCTQ 

 

 

 

 
 

    

MCTQ Core, English, Version 2015-01 
Participant ID:                        ©Till Roenneberg & co-workers 

Munich ChronoType Questionnaire (MCTQ) 
 

In this questionnaire, you report on your typical sleep behaviour over the past 4 weeks. We ask about 

work days and work-free days separately. Please respond to the questions according to your perception 
of a standard week that includes your usual work days and work-free days. 

 

I have a regular work schedule (this includes being, for example, a housewife or househusband): 

Yes  I work on 1  2  3  4  5  6  7  days per week. 

No  

Is your answer “Yes, on 7 days” or “No”, please consider if your sleep times may nonetheless differ between 

regular ‘workdays’ and ‘weekend days’ and fill out the MCTQ in this respect. 

 

 

 
 

Please use 24-hour time scale (e.g. 23:00 instead of 11:00 pm)! 

 

Workdays 

Image 1: I go to bed at _________ o’clock. 

Image 2: Note that some people stay awake for some time when in bed! 

Image 3: I actually get ready to fall asleep at _________ o’clock.  

Image 4: I need _________ minutes to fall asleep. 

Image 5: I wake up at _________ o’clock. 

Image 6: After _________ minutes I get up. 

I use an alarm clock on workdays:     Yes   No  

If “Yes”: I regularly wake up BEFORE the alarm rings:  Yes   No   
 

Free Days 

Image 1: I go to bed at _________ o’clock. 

Image 2: Note that some people stay awake for some time when in bed! 

Image 3: I actually get ready to fall asleep at _________ o’clock.  

Image 4: I need _________ minutes to fall asleep. 

Image 5: I wake up at _________ o’clock. 

Image 6: After _________ minutes I get up. 

My wake-up time (Image 5) is due to the use of an alarm clock: Yes     No   

There are particular reasons why I cannot freely choose my sleep times on free days:  

Yes  If “Yes”: Child(ren)/pet(s)     Hobbies     Others , for example:___________________ 

No    
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