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Abstract

Objective—Poor sleep quality has been linked to inflammatory processes and worse disease 

outcomes in the context of many chronic illnesses, but less is known in conditions such as chronic 

fatigue syndrome/myalgic encephalomyelitis (CFS/ME). This study examines the relationships 

between sleep quality, pro-inflammatory cytokines, and CFS/ME symptoms.

Methods—Sixty women diagnosed with CFS/ME were assessed using the Pittsburgh Sleep 

Quality Index (PSQI), Fatigue Symptom Inventory (FSI) and Center for Disease Control and 

Prevention (CDC)-based CFS/ME symptom questionnaires. Circulating plasma pro-inflammatory 
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cytokine levels were measured by ELISA. Multiple regression analyses examined associations 

between sleep, cytokines and symptoms, controlling for age, education, and body mass index.

Results—Poor sleep quality (PSQI global score) was associated with greater pro-inflammatory 

cytokine levels: interleukin-1β (IL-1β) (β=0.258, p=0.043), IL-6 (β=0.281, p=0.033), and tumor 

necrosis factor-alpha (TNF-α) (β=0.263, p=0.044). Worse sleep quality related to greater fatigue 

severity (β=0.395, p=0.003) and fatigue-related interference with daily activities (β=0.464, 

p<0.001), and more severe and frequent CDC-defined core CFS/ME symptoms (β=0.499, 

p<0.001, and β=0.556, p<0.001, respectively).

Conclusions—Results underscore the importance of managing sleep-related difficulties in this 

patient population. Further research is needed to identify the etiology of sleep disruptions in 

CFS/ME and mechanistic factors linking sleep quality to symptom severity and inflammatory 

processes.
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1. Introduction

Poor sleep quality has been implicated in worse health outcomes in various clinical 

populations and also contributes to diminished physical and psychological well-being in 

otherwise healthy individuals (Lorton et al., 2006, Okun et al., 2013). In a variety of clinical 

populations, disrupted sleep has been linked to greater fatigue and poorer health (Lorton, 

Lubahn, 2006). Poor sleep quality can be ascertained objectively by overnight 

polysomnography and subjectively by questionnaires such as the Pittsburgh Sleep Quality 
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Index (PSQI), which measures sleep quality overall and many of its components (Buysse et 

al., 1989).

Sleep is commonly disrupted during the course of a chronic illnesses (Polo-Kantola et al., 

2014) and can also be an important etiological, precipitating, or maintaining factor of 

disease (Lorton, Lubahn, 2006). Sleep deprivation and loss results in an activation of the 

immune system, which is evident on a cellular and genomic level (Irwin et al., 2006). In the 

context of inflammatory disorders such as ankylosing spondylitis, sleep quality overall and 

its composite parts (PSQI subscales) are positively correlated with symptom severity and 

with circulating C-Reactive Protein (CRP) levels (Aydin et al., 2015).

Chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME) is a chronic unremitting 

condition with an estimated worldwide prevalence of 0.8–3.5% (Bhui et al., 2011), and is 

overrepresented among women (Klimas and Koneru, 2007). The disorder is a poorly 

misunderstood and debilitating inflammatory illness with no known etiology or cure. 

CFS/ME symptoms include post-exertional malaise, sore throat, and unrefreshing sleep, 

among other varied somatic symptoms. Research has revealed physiological manifestations 

of CFS/ME, such as dysregulated cortisol awakening response (CAR) and cytokine 

expression imbalance, which are associated with sleep disturbances in other contexts 

(Klimas and Koneru, 2007, Mariman et al., 2013, Wright et al., 2015). CFS/ME patients’ 

sleep is typically reported as unrefreshing and/or frequently disturbed (Mariman, Vogelaers, 

2013). Recent research has identified subjective and objective accounts of poor sleep quality 

in CFS/ME—possibly identifying different sleep phenotypes (e.g. hypersomnia, insomnia-

like phenotypes) (Gotts et al., 2013, Mariman, Vogelaers, 2013). Other studies found that 

CFS/ME patients report poor sleep, even while demonstrating otherwise normal sleep by 

polysomnography, as compared to healthy age-and gender-matched controls (Maes et al., 

2012a, Neu et al., 2007).

In addition to experiencing somatic symptoms and poor sleep, CFS/ME patients reveal 

increased pro-inflammatory cytokine levels when compared to healthy controls (Fletcher et 

al., 2009, Klimas and Koneru, 2007, Maes, Twisk, 2012a, Maes et al., 2012b). Elevations in 

pro-inflammatory cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha 

(TNF-α), and relatively lower levels of anti-inflammatory cytokines (including IL-13) were 

shown most consistently in CFS/ME patients vs. healthy controls (Fletcher, Zeng, 2009, 

Gupta et al., 1997, Moss et al., 1999). However, no individual cytokine, set of cytokine 

expression profiles, or biomarker has been consistently and conclusively found to be a 

diagnostic marker or known etiological factor in CFS/ME (Broderick et al., 2010). 

Discrepancies in the CFS/ME cytokine research may be due in part to cytokine measurement 

issues, including the use of different assays, which change in sensitivity and specificity over 

time due to methodological and laboratory advances, or the time of day when samples are 

collected (Fletcher, Zeng, 2009, Klimas et al., 2012, Nakamura et al., 2010, Pandi-Perumal 

et al., 2007). Inflammatory cytokine levels can also differ by gender, in part because of 

estrogen’s immunomodulatory effects, including in the context of CFS/ME (Klimas and 

Koneru, 2007, Smylie et al., 2013). The sleep and inflammation literature is not always 

stratified by gender, which may account for some inconsistencies in the literature.
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Poor sleep quality has been shown to contribute to greater inflammation in healthy, and in 

acutely and chronically ill individuals, though there is evidence for a bi-directional 

relationship (Irwin, 2002, Irwin, Wang, 2006, Lorton, Lubahn, 2006). In general, pro-

inflammatory cytokines promote sleep while anti-inflammatory cytokines prevent sleep 

(Krueger, 2008, Krueger et al., 2007). IL-1 and TNF-α are consistently found to be directly 

somnogenic when administered centrally or peripherally (Krueger and Majde, 2003). In rats, 

IL-6 modulates NREM sleep and is known to contribute to sleepiness, but does not meet full 

criteria for a sleep regulating substance (Hogan et al., 2003).

Inflammatory control can be disturbed in individuals who suffer from primary sleep 

disorders, such as insomnia (Vgontzas et al., 2002, Weil et al., 2009). Chronic insomnia can 

result in a shift and disruption in the circadian release of IL-6 and TNF-α (Vgontzas, 

Zoumakis, 2002). Inflammatory cytokines IL-6 and TNF-α are typically elevated in sleep 

disorders that result in excessive daytime sleepiness, such as sleep apnea and narcolepsy 

(Vgontzas et al., 1999, Vgontzas, Zoumakis, 2002). In healthy adults, these cytokines are 

usually elevated after sleep deprivation and may mediate sleep propensity and fatigue the 

next day (Vgontzas, Papanicolaou, 1999). It is reasonable that sleep disruptions in CFS/ME 

patients may therefore promote increased pro-inflammatory signaling and symptomology, 

yet little is known about the precise relationship between aspects of sleep disruption and 

specific inflammatory and symptomologic indicators in this population.

Present study

Given the association between sleep disruptions and illness severity and also with 

inflammation, we hypothesized that among women with CFS/ME poor sleep quality (higher 

PSQI global scores) would be associated with greater circulating pro-inflammatory cytokine 

levels, and more severe and frequent CFS/ME-related symptoms. Specifically, we 

hypothesized that poor sleep quality overall and certain subscales (i.e. sleep disturbances, 

sleep duration, and sleep latency) would predict (a) greater levels of circulating pro-

inflammatory cytokines, including IL-1β, IL-6 and TNF-α, and (b) greater CFS/ME 

symptom burden including Centers for Disease Control and Prevention (CDC) core CFS/ME 

symptom severity and frequency, and greater fatigue severity and fatigue-related interference 

in daily life.

2. Methods

2.1. Participants and Procedures

Female participants in this study were recruited from a larger study of stress and coping 

processes in CFS/ME patients and study findings have been previously published (Hall et 

al., 2014, Lattie et al., 2012). This is the first report on sleep-related phenomena from this 

study. All participants received a physician-determined CFS/ME diagnosis, as defined by the 

CDC criteria (Fukuda et al., 1994). Recruitment methods included physician referral, 

support groups, CFS/ME conferences, and advertisements in CFS/ME-related websites. 

Participants were eligible if they were fluent in English, lived within the study area, and 

were between the ages of 21 and 75 years.
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Potential participants were excluded from the study if they met criteria for schizophrenia, 

bipolar disorder, or substance abuse, or if they were actively suicidal, as assessed by a brief 

screening measure adapted from the Structured Clinical Interview for the DSM-IV (First et 

al., 1997). Participants were also excluded if they showed markedly diminished cognitive 

capabilities, as evidenced by making four or more errors on the Short Portable Mental Status 

Questionnaire (Pfeiffer, 1975). Presence of another condition (e.g. AIDS, lupus, rheumatoid 

arthritis) that might influence biological processes associated with CFS/ME 

symptomatology, or taking medications that would modulate immune or neuroendocrine 

functioning excluded participants from the study. Potential participants were also excluded 

from the study if they were suffering from untreated obstructive sleep apnea (OSA).

Participants who met criteria signed an informed consent form and scheduled a home visit 

between the hours of 11:00am and 3:00pm. During this visit, study personnel administered a 

battery of measures, and a certified phlebotomist drew a blood sample. After completing 

survey answers and providing blood samples, participants were compensated with $50.

2.2. Measures

2.2.1. Pittsburgh Sleep Quality Index (PSQI)—The 19-item PSQI (Buysse, Reynolds, 

1989) was used to assess 7 components of sleep difficulties during the past 30 days, 

including subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, 

sleep disturbances, use of sleep medication, and daytime dysfunction. The seven component 

scores were rated from 0–3, with 0 signifying no difficulty and 3 indicating severe difficulty. 

The composite score added these seven subscale scores to provide a global score ranging 

from 0–21, where higher numbers indicated poorer sleep quality. The PSQI has been 

validated in many different populations (α=0.83 in healthy individuals), including CFS/ME 

patients (α=0.64) (Mariman et al., 2012b). The reliability coefficient for the PSQI in our 

sample was α=0.613 for CFS/ME women (α=0.709, if the “use of sleep medication” item 

was removed). This is a relatively low alpha, but is comparable to what was shown in the 

other sample of CFS/ME men and women, and might provide further support of the 

assertion that the global PSQI score is not as useful on its own for measuring subjective 

sleep quality in CFS/ME patients. This is the first time the PSQI has been validated in 

CFS/ME women only.

2.2.2. Fatigue Symptom Inventory (FSI)—The 14-item FSI assessed fatigue intensity 

using a 4-item subscale and fatigue interference using a 7-item subscale (Hann et al., 1998). 

Both subscales were scored on an 11-point scale, where 0 indicated feeling “not at all 

fatigued” and 10 indicated feeling “as fatigued as I could be” for the 4 fatigue intensity 

items. For the 7 fatigue interference items, 0 indicated “no interference” and 10 indicated 

“extreme interference.” The FSI has been validated for many populations, including women 

with and without cancer (α>0.90). In our sample, the FSI was valid α=0.869.

2.2.3. Center for Disease Control and Prevention (CDC) CFS Symptom 
Inventory—The 21-item CDC CFS Symptom Inventory was used to assess the frequency 

and severity of CFS/ME symptoms over the last 30 days (Wagner et al., 2005). Participants 

were asked yes or no questions about specific symptoms. If the symptom was present, the 
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symptom was rated based on how often the symptom was present, with 1 indicating “a little 

of the time” and 5 indicating “all the time.” Then, the participants rated the severity of the 

symptom on a 5-point scale, with 1 indicating “very mild” and 5 indicating “very severe.” 

The CDC CFS Symptom Inventory has been validated previously (α=0.88) (Wagner, 

Nisenbaum, 2005). For all items, in our sample the scale was valid (α=0.85) and remained 

valid, even when the two sleep-related items were removed (α=0.84).

2.2.4. Circulating Pro-Inflammatory Cytokines—Blood was centrifuged and plasma 

stored at −80°C within 4 hours of collection until the samples were assayed in batches and in 

duplicate. Circulating pro-inflammatory cytokines IL-1β, IL-6 and TNF-α were measured 

from blood plasma as previously described (Fletcher, Zeng, 2009) using the an ELISA-based 

test (Q-Plex™ Human Cytokine –Screen, Quansys Biosciences Logan, Utah). Images were 

captured using Quansys Imager, driven by an 8.4 megapixel Canon 20D digital SLR camera, 

and analyzed using Quansys Software. In order to assure compatibility with measurements 

of cytokines in previously published studies in the field (Chiswick et al., 2012, Trune et al., 

2011, Wong et al., 2008), the antigen standard concentrations used by Quansys (R&D) were 

referenced to “gold standard” for each cytokine represented on the multiplex plate as 

previously described (Lattie, Antoni, 2012).

2.3. Statistical Analyses

Statistical analyses were performed using SPSS version 22.0. Fatigue interference data were 

winsorized and cytokine data were log- transformed (i.e. ln (IL-6+1)) and then 

winsorized(Wilcox, 1993). The CDC CFS Symptom variables (severity and frequency) were 

calculated with the two items related to sleep quality removed. We used multiple regression 

to test our study hypotheses that higher global PSQI scores (indicating worse sleep quality) 

were associated with greater levels of circulating pro-inflammatory cytokines, more severe 

and frequent CFS/ symptoms, and more severe and interfering fatigue. As post-hoc analyses, 

we repeated the multiple regression analyses using PSQI subscales including: subjective 

sleep quality, sleep disturbances, sleep latency, and sleep duration. Participants’ age, 

educational level, and body mass index (BMI) were used as covariates, as sleep quality and 

inflammation are associated with those variables, differentially by gender (O'Connor et al., 

2009, Vitiello et al., 2004).

3. Results

3.1 Sample Characteristics

As shown in Table 1, the mean age of the sample is 50.5 years, and 78.3% were non-

Hispanic White. This was a highly educated sample, with 63% of the sample having 

attended at least some college, which is not atypical for this patient population (Jason et al., 

2007, Servaes et al., 2001). Descriptive information on sleep quality, fatigue severity and 

interference, and CFS/ME symptom severity and frequency is provided in Table 1. Mean 

levels for cytokines were 31.91pg/mL, 8.79pg/mL, and 18.51pg/mL for IL-1β, IL-6, and 

TNF-α, respectfully, which were slightly higher than levels previously reported for CFS/ME 

cases (Fletcher, Zeng, 2009), as shown in Table 2. Fully 95% (57/60) of the sample had 
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clinically-significant poor sleep quality as indicated by PSQI sleep quality scores > 5 

(Buysse, Reynolds, 1989).

3.2. Main Analyses

3.2.1. Sleep and symptoms—Multiple regression analyses showed that worse sleep 

quality predicted more severe and more frequent CFS/ME symptoms, and more fatigue 

severity and interference in daily life. Specifically, poorer sleep quality related to greater 

fatigue severity (β=0.395, p=0.003) and fatigue-related interference with daily activities 

(β=0.464, p<0.001), when controlling for age, educational level, and BMI (Table 3, Figure 

1). Poorer sleep quality also predicted greater CDC core symptom severity (β=0.499, 

p<0.001) and frequency (β=0.556, p<0.001), when controlling for age, educational level, 

and BMI (Table 3, Figure 1).

3.2.2. Sleep and cytokines—Poorer sleep quality was related to greater levels of pro-

inflammatory cytokines, including IL-1β (β=0.258, p=0.043), IL-6 (β=0.281, p=0.033), and 

TNF-α (β=0.263, p=0.044), when controlling for age, educational level, and BMI (Table 4, 

Figure 2). Neither index of fatigue nor CDC-based symptomology was correlated with 

inflammatory cytokines (all p’s>0.050). At the subscale level, sleep latency, sleep duration 

and sleep disturbance subscales were related to greater cytokines levels, such that longer 

sleep latencies related to greater circulating IL-1β and IL-6, more frequent sleep 

disturbances were related to greater IL-6, and shorter sleep duration was associated with 

greater levels of all three cytokines (Table 4).

4. Discussion

Here we report that poor sleep quality is independently associated with more severe and 

interfering fatigue, greater severity and frequency of CFS/ME symptoms, and greater 

inflammatory cytokine levels in women suffering from CFS/ME. Concordant with previous 

research, we found that perceived poor sleep quality is highly prevalent in women suffering 

from CFS/ME. In this sample, nearly all cases were clinically defined “poor sleepers,” as 

defined by global PSQI score > 5. Characterization of sleep difficulties in the context of 

CFS/ME is virtually as complex and idiosyncratic as the experience of the illness itself 

(Gotts, Deary, 2013). Previous research has demonstrated evidence of disrupted sleep by 

polysomnography and sleep questionnaires in CFS/ME, albeit not consistently (Aerenhouts 

et al., 2014, Ball et al., 2004, Fossey et al., 2004, Jackson and Bruck, 2012, Mariman et al., 

2012a, Neu, Mairesse, 2007, Neu et al., 2014, Neu et al., 2015, Watson et al., 2004, Watson 

et al., 2003). This is the first study of CFS/ME to analyze subjective sleep quality 

components at the subscale level. We observed that increased sleep latency is highly 

prevalent in CFS/ME women with more than half the sample reporting difficulty falling 

asleep (sleep latency > 30 min.).

We also found that sleep parameters related to plasma inflammatory cytokine levels. The 

global subjective sleep quality score predicted significantly higher levels of all pro-

inflammatory cytokines studied, as hypothesized. Multivariate subscale analysis showed that 

greater sleep latencies predicted higher circulating IL-1β and IL-6 levels, which is 

concordant with literature showing that insomniacs show increased inflammation; however, 
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greater sleep latencies were not associated with TNF-α. This discrepancy could be explained 

by the somnogenic effects of TNF-α as a sleep regulatory substance (Krueger et al., 1998). 

Increased TNF-α levels in CFS/ME women might reflect an actively occurring homeostatic 

process, where chronic insufficient sleep leads to increased sleep propensity and therefore, 

shorter sleep latencies via increased, upregulated TNF-α. Possibly, the synergistic effects of 

other cytokines negate sleep initiation, which perpetuate longer sleep latencies and sleep 

disruption, further contributing to greater inflammation and symptom severity (Kapsimalis et 

al., 2008). Shorter sleep duration was associated with greater IL-1β, IL-6 and TNF-α levels, 

which may suggest that short, insufficient sleep covaries with more inflammation in this 

patient population. Finally, the sleep disturbance subscale was associated with greater IL-6 

levels, possibly in accordance with the finding that IL-6 can disturb sleep in mammals, or 

that IL-6 expression is increased with disturbed, non-refreshing sleep (Clevenger et al., 

2012).

As hypothesized, all subjective sleep parameters correlated positively with CFS/ME 

symptom measures, but with not all fatigue measures. Poorer global subjective sleep quality 

scores were associated with greater CFS/ME symptom expression (severity and frequency), 

fatigue severity, and fatigue-related interference in daily activities. Longer sleep latencies 

were associated with greater CFS/ME symptom severity and frequency, and fatigue severity 

and interference. Shorter sleep duration was also associated with greater CFS/ME symptom 

severity and frequency, but interestingly was not associated with either of the fatigue 

measures. These findings might shed light on precipitating and perpetuating factors of 

CFS/ME symptomology.

We were surprised that none of the CFS/ME symptom measures or fatigue measures were 

directly associated with pro-inflammatory cytokine levels. These results suggest that poor 

sleep may be linked with inflammation, independent of its relationship with CFS/ME 

symptomology, but do not rule out the plausibility of a neuroimmune mechanism underlying 

the relationship between sleep and these symptoms in the context of CFS/ME. Further 

research is needed to determine whether a third variable is mediating sleep’s influence on 

both inflammation and symptomology. One candidate may be altered HPA axis functioning, 

which has been associated with CFS/ME symptoms in recent work (Papadopoulos and 

Cleare, 2012). Dysregulated HPA axis functioning could link sleep to inflammation via 

alterations in immune cell sensitivity to glucocorticoid signaling (Hermann et al., 2006, 

Juster and McEwen, 2015), and at the same time link sleep to symptomology via alterations 

in di-urnal cortisol secretion patterns (Hermann, von Aulock, 2006, Marshall and Born, 

2002, Nater et al., 2008, Powell et al., 2013, Rahman et al., 2011).

The present results underscore the importance of subjective poor sleep quality in the 

experience of CFS/ME on both a symptom and biomarker level. Overall, our results provide 

support for the hypothesis that poor sleep is linked with greater illness burden in a 

population of women with CFS/ME. Sleep is commonly disrupted during the course of 

many chronic medical conditions, and sleep dysregulation is a commonly reported complaint 

among women with chronic diseases (Polo-Kantola, Laine, 2014). Sleep disruption and/or 

dysregulation may be due to the symptoms of the illness and/or physiological dysfunction 

underlying the illness (Lorton, Lubahn, 2006). Disturbed sleep can also play an etiological, 
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precipitating, or maintaining role in many medical conditions (Lorton, Lubahn, 2006) and it 

is plausible that it could cause or exacerbate some CFS/ME symptoms.

4.1. Strengths and Limitations

This study is the first of its kind to examine the overall and specific effects of poor sleep 

quality on multiple indices of CFS/ME symptomology and inflammation in a sample of 

women diagnosed with CFS/ME. The work provides many leads on the role of disturbed 

sleep in the maintenance of this poorly understood condition, which may pave the way for 

ameliorative interventions. However, any interpretations should be tempered by the 

limitations of our study.

Our study did not include a CFS/ME control group to determine if the effects of poor sleep 

in women with CFS/ME were significantly different from age- and gender matched poor 

sleepers who are otherwise healthy. The fact that these results were obtained in a relatively 

small cross-sectional study warrant caution in assigning temporal relations between the 

measured variables. Notably, the PQSI, which was administered at the time of the blood 

draw, asks participants to reflect back on their sleep for the past 30 days, therefore, we 

suggest that poor sleep may predict inflammatory cytokine levels and the magnitude of 

CFS/ME symptoms. Even so, longitudinal research is needed to follow-up on any of the 

associations reported herein.

The study is also limited by the lack of polysomnography and actigraphy data, which could 

have helped identify if there are objectively-defined sleep specific phenotypes in CFS/ME 

patients that map onto specific symptom patterns and inflammatory processes (Gotts, Deary, 

2013, Mariman, Vogelaers, 2012a). These phenotypes may be reflected by or due, in part, to 

different cytokine expression profiles in CFS/ME patients, as different sleep-regulating 

cytokines (alone or in combination) may contribute to different sleep difficulty profiles 

(Lorton, Lubahn, 2006). Similar analyses conducted with cytokines measured directly before 

sleep, or throughout the night, might have revealed different patterns (Nakamura et al., 2013, 

Nakamura, Schwander, 2010).

While we excluded potential subjects with untreated obstructive sleep apnea (OSA), 

previous research has shown that primary sleep disorders are underdiagnosed in primary 

care settings (Fossey, Libman, 2004, Qanneta, 2014). In a recent study, primary sleep 

disorders, such as OSA, psychophysiologic insomnia or periodic limb movement disorder, 

were found in 49.8% of a sample of CFS/ME subjects (Mariman, Vogelaers, 2013). If there 

were a large percentage of women in our sample with undiagnosed OSA, our results may be 

biased, as OSA affects inflammatory cytokine levels, and subjective psychological, sleep 

and fatigue-related variables (Kapsimalis, Basta, 2008). Therefore, future research should 

substantiate our results with polysomnography or actigraphy data. Importantly, our subjects 

were recruited indiscriminate of fibromyalgia diagnosis, which may affect the 

generalizability of our results, as there are cytokine expression differences between CFS/ME 

patients with and without fibromyalgia under certain conditions (Nakamura, Schwander, 

2013). Additionally, while the majority of our sample was middle-aged and presumed to be 

post-menopausal, we did not have information on menopausal status in this study. Hormonal 

fluctuations in women, especially during menopause, can disrupt sleep (Kravitz et al., 2008); 
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therefore, future studies should control for this, as well as other hormonal indices such as 

point in menstrual cycle and contraceptive use. Finally, the future studies may investigate 

whether the present findings are moderated by psychological states (e.g., depression or 

distress) or traits (e.g., coping styles), as these variables have previously been related to 

many of the variables investigated here (Benhayon et al., 2013, Dantzer et al., 2008, 

Papadopoulos and Cleare, 2012).

5. Conclusion

Our preliminary findings of significant associations between self-reported sleep quality 

components and inflammatory indicators on the one hand and CFS/ME symptomology on 

the other justify further research in sleep medicine for CFS/ME patients, specifically 

addressing the mechanism behind these associations. The interpretations of our results are 

limited by a cross-sectional design; and the lack of a matched healthy control comparison 

group, nocturnal cytokine measurements, overnight polysomnography data, and important 

covariates (e.g., fibromyalgia, menopausal status). Using these results as a guide, it is 

important to conduct longitudinal research on this patient population in the future to identify 

mediating variables for these relationships using neuroendocrine and mood-related 

indicators. To realize the clinical implications of these associations, future work might 

identify and optimize interventions (e.g., Cognitive Behavior Therapy for Insomnia, CBT-I) 

(Wu et al., 2015) aimed at improving sleep latency, or other interventions known to improve 

overall sleep quality in other populations (e.g., Cognitive Behavioral Stress Management, 

CBSM) (Vargas et al., 2014) in order to modulate neuroimmune processes and CFS/ME-

related symptoms.
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Highlights

• Sleep quality, inflammation, and CFS/ME symptoms were analyzed.

• Poor sleep quality predicted pro-inflammatory cytokines IL-1β, IL-6, and 

TNF-α.

• Worse sleep quality related to greater fatigue severity and daily interference.

• Worse sleep quality related to more severe and frequent CFS/ME symptoms.

• Further research is needed to identify the etiology of sleep disruptions in 

CFS/ME.
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Figure 1. 
Relationships between CFS-Related Symptoms and Global PSQI Score
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Figure 2. 
Relationships between Circulating Serum Cytokine Levels and Global PSQI Score
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Table 1

Demographic, Sleep-Related and Symptom-Related Characteristics of the Sample

Participant Characteristics

Age in years, M ± SD 50.52 ± 10.88

BMI (kg/in2), M ± SD 26.66 ± 5.41

Attended at least part of college, n (%) 38 (63%)

White non-Hispanic, n (%) 47 (78.3 %)

Married/Partnered, n (%) 24 (40%)

Employed full-time, n (%) 9 (15%)

PSQI Global Score, M ± SD 12.18 ± 4.08

Fatigue Severity, M ± SD 6.94 ± 1.35

Fatigue Interference, M ± SD 6.98 ± 1.92

CFS/ME Symptom Severity≠, M ± SD 36.75 ± 14.67

CFS/ME Symptom Frequency≠, M ± SD 37.93 ± 15.53

≠
CDC CFS Core Symptoms with sleep-related items removed
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