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The overall purpose of this dissertation was to examine the relationships among sleep, circadian 

rhythms, social timing and symptoms in adults living with a health condition and in particular 

adults with acute respiratory failure (ARF) and irritable bowel syndrome (IBS). Manuscript one 

examined diary and actigraphic sleep variables as well as actigraphic rest-activity circadian 

rhythms in ARF survivors three months after hospital discharge, and to compared them with a 

community-dwelling population. Sleep diary, actigraphy data, and insomnia symptoms were 

collected in a pilot study of 14 ARF survivors. Rest-activity circadian rhythms were assessed 
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with wrist actigraphy and sleep diary for nine days, and were analyzed by cosinor and 

nonparametric circadian rhythm analysis. The results showed that all ARF participants had 

remarkable actigraphic sleep fragmentation, 71.5% had subclinical or clinical insomnia 

symptoms. Compared to community-dwelling adults, this cohort had less stable rest-activity 

circadian rhythms (p<0.001), and weaker circadian strength (p<0.001). The pilot study showed 

insomnia and circadian disruption were common in ARF survivors. As such, sleep improvement 

and circadian rhythm regularity may be a promising approach to improve quality of life and 

daytime function after ARF. 

Manuscript two examined potential indirect effects of sleep on abdominal pain symptoms 

simultaneously through psychological distress and daytime dysfunction in adults with IBS. Daily 

symptoms of nighttime sleep complaints (poor sleep quality and unrefreshed sleep ), 

psychological distress, daytime dysfunction (fatigue, sleepiness, and hard to concentrate) and 

abdominal pain were collected in baseline assessments from two randomized controlled trials of 

332 adults (mean age 42 years and 85 % female) with IBS. Structural equation modeling (SEM) 

was used to examine the global relationships among nighttime sleep complaints, psychological 

distress, daytime dysfunction and abdominal pain. SEM analyses suggest that the primary impact 

of nighttime sleep complaints on abdominal pain is indirect. The indirect effect appears primarily 

through daytime dysfunction. Such understanding provides a potential avenue to optimize 

personalized and hybrid behavioral interventions for adults with IBS through addressing daytime 

dysfunction and sleep behaviors. Additional study integrating symptoms with biological markers 

is warranted to explore the underlying mechanisms accounting for these symptoms.  

Manuscript three explored associations among chronotype, social jetlag (SJL) and weekday 

sleep outcomes (sleep quality, sleep need met and restorative sleep) in women with IBS through 
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multiple linear regression analyses. This sample included 62 women with IBS (IBS predominant 

constipation [IBS-C] =29, IBS with predominant diarrhea [IBS-D] =33) and 58 healthy control 

(HC) women who completed 28-day daily diary from two study cohorts. Chronotype was 

estimated from daily diary data with the average mid-sleep time on weekends (MSWwe). SJL was 

calculated by subtracting the average mid-sleep time on weekdays from MSWwe. Sleep outcomes 

included diary-reported ratings of sleep quality, sleep need met and restorative sleep during 

weekdays. In HCs, later chronotype was predictive of lower sleep quality (β = -0.19, p < 0.01), a 

perception of sleep need not met (β = -0.17, p < 0.001) and a less restorative sleep during 

weekdays (β = -0.15, p = 0.073), whereas SJL was not associated with sleep outcomes. Similar to 

HCs, earlier chronotypes in women with IBS-C reported better sleep quality and more sufficient 

sleep need met and restorative sleep during weekdays than later chronotypes (all p > 0.05). 

Compared to HCs, the relationships of chronotype with weekday sleep outcomes in women with 

IBS-D were in the opposite directions (all p < 0.05). The data from this exploratory study 

suggest that chronotype may be an important contributor to sleep outcomes in women with and 

without IBS, particularly sleep quality and sleep need met.   
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 Background         

Sleep deficiency, including inadequate amount of sleep and poor quality, is a public health 

concern and contributes to potential comorbidity (1). Adequate sleep duration recommended by 

the National Sleep Foundation is 7-9 hours a night for adults to promote optimal physical health, 

mental health and overall well-being (2). A meta-analysis of prospective cohort studies found 

that approximately 7 hours of sleep per day was associated with the lowest risk of all-cause 

mortality and cardiovascular diseases (3). However, the Centers for Disease Control and 

Prevention reported that 10.1% of the U.S. adult population perceived they got insufficient sleep 

or rest every day in the past month (4), and nearly 35% reported sleep less than 7 hours per 24-

hour period (5). Left untreated sleep deficiency has been associated with a broad range of 

adverse health consequences including cardiovascular disease, metabolic syndrome, chronic 

pain, daytime dysfunction (e.g., fatigue, sleepiness, difficulty concentrating) and psychological 

distress (e.g., depressive mood, anxiety) (6-8). Since sleep deficiency is treatable, sleep is 

considered as a valuable target to design effective symptom management for adults living with a 

health condition (9-14). 

Circadian rhythms are endogenous physiological and behavioral cyclic processes that are 

entrained to the 24-h external environment to enable individuals to anticipate and adapt to 

periodic environmental changes (15). Inter-individual differences in circadian entrainment can be 

attributed to intrinsic (e.g. circadian genes, age, gender, health conditions, gut microbiome) and 

extrinsic factors (e.g., light exposure, eating behaviors, social timing) (15-18), leading to 

different circadian phenotypes, known as chronotypes (19). Chronotype is in part determined by 

an individual’s phase of circadian entrainment relative to the external 24-h environment (19). 

Early chronotypes, “larks”, prefer waking up and going to bed early while late chronotypes, 
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“owls”, prefer waking up and going to bed late. Optimal circadian entrainment is necessary for 

the optimization of physical and behavioral functions and overall human health (20-23). For 

example, investigators have found that chronotype is an important determinant of sleep quality 

and quantity in multiple populations including students and employees with regular daytime 

work/school schedules. Specifically, late chronotypes are more likely to report poor sleep quality 

(24-26), less restorative sleep (27), shorter sleep duration (28), insomnia (29, 30) and daytime 

dysfunction symptoms (24) compared to early chronotypes. Even though emerging evidence has 

linked circadian misalignment and/or chronotype with chronic diseases or health outcomes in 

multiple populations, it remains to be explored in adults living with specific health conditions.  

Sleep behaviors such as habitual sleep bedtimes and risetimes are influenced by social factors 

such as work/school schedules and other social commitments. These social factors lead to a 

variance in bedtime and risetime timing between weekdays and weekends creating a circadian 

misalignment known as “social jetlag” (SJL) (31, 32). For example, after a weekend, on Monday 

individuals experience symptoms consistent with jet lag associated with travelling across time 

zones (32). SJL is used as an estimate of the time discrepancy between endogenous circadian 

phase, which an individual will naturally follow during the weekend, and imposed social timing, 

and it is considered the most common circadian misalignment in modern society (33). Adults 

with greater SJL are more likely to report poor sleep quality (34, 35) and sleep less on weekdays 

(36) as compared to those with less SJL. It remains to be determined whether individuals living 

with specific health conditions experience more SJL and whether SJL influences weekday sleep 

outcomes.  
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Content of the dissertation  

The overall purpose of the dissertation was to gain new knowledge regarding the relationships 

among sleep, circadian rhythms, social timing (i.e., weekdays vs. weekend) and symptoms in 

adults living with a health condition. The second chapter selected the survivors of acute 

respiratory failure (ARF) as the example of adults living with a health condition. It examined 

diary and actigraphic sleep variables as well as actigraphic rest-activity circadian rhythms in 

ARF survivors three months after hospital discharge, and compared them with a community-

dwelling population. The third and fourth chapters selected adults with irritable bowel syndrome 

(IBS) as another example of adults living with a health condition. The third paper used structural 

equation modeling to examine potential indirect effects of sleep (poor sleep quality and 

unrefreshed sleep) on abdominal pain symptoms simultaneously through psychological distress 

and daytime dysfunction (fatigue, sleepiness, and difficulty concentrating). The fourth chapter 

examined the associations between chronotype, SJL and weekday sleep outcomes (sleep quality, 

sleep need met and restorative sleep) in women with IBS. Each of the three chapters form related 

but independent manuscripts, with separate introduction, methods, results, and discussion 

sections. The formatting varied based on the style of journal or target journal, respectively. 

Conceptual framework  

The dissertation was based on the model of the circadian clock and disease developed by 

Roenneberg and Merrow (22). This model was used to conceptualize the relationships among 

sleep, circadian rhythms, social timing and symptoms in adults living with a health condition. In 

this model, circadian rhythm-sleep-behavior network and environmental factors (environmental 

Zeitgebers, social timing) are critical to maintain human health. Twenty-four-hour environmental 

Zeitgebers (e.g., light, food, exercise) can synchronize circadian clocks to adjust the phase of 



 

5 
 

endogenous circadian rhythms to the phase of environmental Zeitgebers, termed as the phase of 

the circadian entrainment or chronotypes. An inappropriate phase of circadian entrainment has 

adverse impacts on sleep, behaviors and health. Also, the deficits in sleep, behavioral outcomes 

and human health can influence the circadian system. As for social timing, social 

timing/schedules (i.e., work/school schedules) primarily influence human behaviors (i.e., sleep-

related behaviors, eating behaviors), in turn, to impact circadian rhythms and sleep. The 

discrepancies between social and biological clocks imposed by social timing, termed as SJL, can 

result in the deleterious consequences of circadian disruption and/or sleep deficiency on human 

health. The model of the circadian clock and disease provides the framework to explore the 

relationships among circadian rhythm variables (rest-activity circadian rhythms, chronotypes, 

SJL), sleep (sleep-wake patterns, perceptions of sleep quality and quantity), social timing 

(weekday versus weekends), health-related outcomes (abdominal pain, psychological distress 

and daytime dysfunction symptoms) in adults living with health conditions, specifically adults 

with ARF or IBS (Figure 1).  
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Figure 1: Conceptual Framework for Study of Circadian Rhythms, Sleep, Social Timing and Symptoms in 
Adults living with a health condition. Adapted from “The Circadian Clock and Human Health.” by 
Roenneberg, T., & Merrow, M., Curr Biol. 2016;26(10):R432-R443. doi:10.1016/j.cub.2016.04.011  Note: 
Data in the boxes with dotted lines is not available in this dissertation. 
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Abstract 

Background: Little is known about sleep and circadian rhythms in survivors of acute respiratory 

failure (ARF) after hospital discharge.  

Objectives: To examine sleep and rest-activity circadian rhythms in ARF survivors three months 

after hospital discharge, and to compare them with a community-dwelling population. 

Methods: Sleep diary, actigraphy data, and insomnia symptoms were collected in a pilot study 

of 14 ARF survivors. Rest-activity circadian rhythms were assessed with wrist actigraphy and 

sleep diary for nine days, and were analyzed by cosinor and nonparametric circadian rhythm 

analysis.  

Results: All participants had remarkable actigraphic sleep fragmentation, 71.5% had subclinical 

or clinical insomnia symptoms. Compared to community-dwelling adults, this cohort had less 

stable rest-activity circadian rhythms (p<0.001), and weaker circadian strength (p<0.001).  

Conclusion: Insomnia and circadian disruption were common in ARF survivors. Sleep 

improvement and circadian rhythm regularity may be a promising approach to improve quality 

of life and daytime function after ARF. 

Keywords: Acute respiratory distress syndrome, critical illness, sleep, circadian rhythm, 

actigraphy  
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INTRODUCTION  

Survivors of Acute Respiratory Distress Syndrome (ARDS) experience impairments in physical, 

psychological, and cognitive functioning, as well as quality of life (1-4). Sleep disorders may 

play an important role in post-intensive care unit (ICU) syndrome, defined as a constellation of 

cognitive, psychological and physical impairment lasting months to years after discharge (5). A 

systematic literature review found that sleep disturbances affected an estimated 67% of ARDS 

survivors at one-month post hospitalization and 39% beyond one-month post hospitalization (6). 

The majority of these studies use self-report measures that focus on sleepiness or insomnia (6, 7). 

Few studies have incorporated objective sleep measures that could identify circadian rhythm 

(also known as sleep-wake) disorders for which ARDS survivors are at risk (7). 

Many biobehavioral processes in humans, including sleep-wake behavior, follow a diurnal 

pattern, often called a circadian rhythm. Circadian rhythms are endogenous rhythmic patterns in 

multiple physiological and behavioral processes such as sleep-wake patterns, rest-activity 

patterns, mood, cognitive function, body temperature, heart rate, and hormone secretions that are 

entrained to a 24-hour day to enable individuals to anticipate and adapt to periodic environmental 

changes (8-10). Optimal circadian entrainment, exhibiting a 24-hour period with an appropriate 

amplitude (strength) and phase (timing), is essential for the optimization of physical, 

psychological, and behavioral functions and overall human health (9, 10). Abnormalities in the 

circadian rhythm have been identified in the acute ICU period, including a dampened circadian 

amplitude, and/or a delayed phase of physiological circadian biomarkers (i.e., melatonin, 

cortisol, cytokines) (11-13). Left untreated, circadian disruption may contribute to persistent 

sleep complaints including insomnia (9, 10) and/or influence mood and cognition (14, 15). 
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However, to date, it is not known whether circadian rhythms are disrupted after hospital 

discharge among ARDS survivors. 

Wrist actigraphy is a noninvasive, objective measure of sleep-wake patterns and circadian 

rest-activity rhythms recordable for extended periods of time in a natural environment. Estimates 

of sleep parameters (i.e., sleep onset and offset, total sleep time, sleep efficiency) and rest-

activity circadian rhythms with actigraphy in conjunction with sleep diaries have been validated 

by polysomnography (PSG) and other circadian biomarkers such as melatonin and core body 

temperature (16-20). Wrist actigraphy has been accepted as a reliable surrogate measure of sleep 

and entrained endogenous circadian rhythms in both clinical and research settings (16-18, 21). 

To our knowledge, there are no published studies using actigraphy in conjunction with sleep 

diary to identify circadian disruption among ARDS survivors. 

The purpose of this pilot study was to: 1) examine sleep duration, sleep quality, and rest-

activity circadian rhythms as measured by sleep diary and actigraphy in ARDS survivors three 

months after hospital discharge; and 2) compare sleep and circadian rest-activity rhythms of 

ARDS survivors to community dwelling adults in the U.S. A better understanding of sleep and 

circadian rest-activity rhythms in ARDS survivors after hospital discharge may provide new 

knowledge for the development of interventions to improve sleep and daytime function on the 

ARDS population. 

MATERIALS AND METHODS  

Participants and Procedures 

This study is a subset analysis from a prospective observational cohort pilot study named Sleep 

And Recovery after Acute Respiratory Failure (SARA study). SARA recruited 21 patients with 

acute respiratory failure admitted to an urban medical center in the Pacific Northwest, a tertiary 

care hospital from December 2012 to August 2013. Patients in the medical and surgical ICU 
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were screened consecutively for eligibility in this prospective observational cohort study. 

Eligible patients (or their healthcare proxies) were approached before or shortly after hospital 

discharge (within 1 week of discharge) and invited to participate in the study. Enrolled patients 

included both medical and surgical ICU patients with a variety of primary diagnoses and varying 

lengths of stay. Inclusion criteria included 1) >18 years, 2) admitted to the ICU, and 3) required 

≥ 48 hours of mechanical ventilation. Participants were excluded if they had 1) chronic 

mechanical ventilation, 2) primary neurological injury or diagnosis, or pregnancy, or 3) inability 

to obtain patient or surrogate consent. The SARA study was reviewed and and approved by the 

University Human Subjects Institutional Review Board (No. 43516). Informed consent was 

obtained from all participants prior to data collection. Patients enrolled in the study were 

evaluated prospectively using sleep questionnaires, actigraphy and sleep diary. At three months 

post discharge, study evaluation included a survey of sleep and quality of life symptoms, and 

nine days of actigraphy and sleep diary. Of 21 patients enrolled in the SARA study, this subset 

analysis included the 14 patients with sleep diary and actigraphy data (the participant rate: 

66.7%, two patients were lost to follow-up, 1 withdrew from the study, 4 refused actigraphy).  

Measures 

Sleep Characteristics 

Sleep characteristics were evaluated objectively by actigraphy and subjectively by sleep diary for 

nine consecutive days at home. 

Objective Sleep Estimates. Participants were asked to wear a wrist actigraphy (Actiwatch2, 

Phillips-Respironics) on the non-dominant wrist to record raw activity counts in one minute 

epochs. Actigraphy data were scored as sleep or wake with medium (40 activity count threshold) 

wake sensitivity settings under Actiware software (Mini-Mitter Philips Respironics, Inc.) (6, 19, 

20, 22). The onset and offset of the rest intervals were determined by the sleep diaries and was 
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based on the American Academy of Sleep Medicine (AASM) scoring actigraphy standard 

criteria (19, 20, 23). Five actigraphy sleep parameters were included in this study: 1) sleep onset, 

defined as the time of the first period of 10 or more consecutive minutes of immobility; 2) sleep 

offset, defined as the time of the last period of 10 or more consecutive minutes of immobility; 3) 

total sleep time (TSTA), defined as the total amount of nocturnal sleep duration in hours during 

the nighttime rest period scored as sleep; 4) actigraphy sleep efficiency (SEA), defined as the 

ratio of TST to the nighttime rest period [multiplied by 100 to yield a percentage]; and 5) amount 

of wake, defined as the wake time after sleep onset (WASO) in minutes. 

Subjective Sleep Estimates. Three sleep parameters derived from sleep diary included 1) total 

sleep time (TSTD), defined as the time participants reported in the item as “the total amount of 

time they slept at night;” 2) diary-derived SE (SED), defined as the ratio of TSTD to total time in 

bed (multiplied by 100 to yield a percentage); and 3) self-reported sleep quality, assessed by how 

participant rated the item “when I woke up for the day, I felt” on the level of refreshed, 

somewhat refreshed, or fatigued. 

Insomnia Symptoms. Participants were administered the Insomnia Severity Index (ISI) to 

measure their perception of insomnia symptoms over the past two weeks. The ISI is a self-

reported seven-item questionnaire designed to assess the severity of sleep problems (e.g., sleep-

onset, difficulties in maintenance), satisfaction with current sleep patterns, interference with 

daily functioning, the impairment of quality of life and distress about sleep problems (24). Each 

item is rated with a five-point Likert scale (“not at all” to “extremely”) and total score ranges 

from 0 to 28 with higher scores indicating greater severity of insomnia symptom. An ISI value 

between 8 and 14 was used to identify subclinical insomnia; a cut-off value of ≥15 was used to 
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identify clinically significant insomnia (24). The ISI has established reliability and validity for 

survivors of critical illness (25, 26). 

Rest-Activity Circadian Rhythm 

Rest-activity circadian rhythms derived from actigraphy recordings in this study were analyzed 

by two different methods to account for both normal and non-normal distributions of data, using 

traditional parametric cosinor analysis and nonparametric circadian rhythm analysis (NPCRA) 

(16, 27, 28). Analysis of circadian rhythms requires specialized statistical analyses to account for 

the periodicity of the data, the distribution of the data, and temporal changes over time. Cosinor 

analysis is a traditional approach to characterize rest-activity circadian rhythms, in which a 

cosinor curve with a period of 24 hours is fit to a multiple-day time series of measurements of 

raw activity counts by using least-squares methods (27-31). Three cosinor parameters were 

included in this study:1) mesor, defined as mean activity count of the fitted 24-hour circadian 

rhythm pattern; 2) magnitude, defined as mesor-to-peak difference, indicating half estimated 

extent of the variation within the cycle; and 3) acrophase, defined as highest activity timing in 

the cycle expressed in decimal hours (Figure 1) (28, 29). These three parameters were used to 

characterize the circadian phase (timing) and circadian strength. Clinically, acrophase is the 

measure of circadian phase; mesor and magnitude reflect the robustness of rest-activity circadian 

rhythms.     

As the assumed temporal distribution of cosinor analysis may not always fit the real-world 

rest-activity patterns well, we also performed a nonparametric analysis (NPCRA) to make our 

data analysis more robust (32). Six NPCRA variables were included in this study: 1) interdaily 

stability (IS) provides an estimate of stability of rest-activity rhythms across days, ranging from 

0 to 1, and a higher IS value indicates a better synchronization to 24-hour environmental cues; 2) 

intradaily variability (IV) provides the estimate of fragmentation of the 24-hour rest-activity 
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rhythms, ranging from 0 to 2, and a higher IV value is found in individuals who have worse sleep 

efficiency or greater fragmented circadian rhythm patterns; 3) M10 midpoint is determined by 

the midpoint of the 10 most active consecutive hours, indicating the time of highest activity; 4) 

L5 midpoint is determined by the midpoint of the 5 least active consecutive hours, indicating the 

time of lowest activity; 5) amplitude is determined by difference between M10 and L5 levels, 

indicating the difference in activity level of highest and lowest activity periods; and 6) relative 

amplitude (RA) is determined by the amplitude divided by the sum of L5 and M10 levels, 

ranging from 0 to 1, and a higher RA indicates stronger circadian rhythm strength (27, 29, 33). 

Demographic and Clinical Characteristics 

Trained research personnel extracted demographic (i.e., age and gender) and clinical 

characteristics including pre-existing comorbidities [heart disease, sleep apnea, hypertension, 

diabetes, and depression], body mass index (BMI), diagnosis at ICU admission [trauma or 

medical], length of hospital stay and ICU stay, duration of medical ventilation, PaO2/FiO2 ratio, 

and illness severity at ICU admission based on Acute Physiology And Chronic Health 

Evaluation II classification system (APACHE II) (34) from electronic medical record. 

Participants were asked about living situation and employment status as well as if they needed 

any assistance with any of eight instrumental activities of daily living (IADLs) including using 

the telephone, walking, shopping for groceries, preparing meals, doing housework or handyman 

work, doing laundry, taking medication, and managing money (35) on a scale of 0 (unable to do 

at all), 1 (need some help), and 2 (need no help). The summed individual IADL scores were used 

to create a global IADL score, indicative of patient functional status; global IADL scores could 

range from 0 (low function, dependent) to 16 (high function, independent). 

Statistical Analysis 



 

22 
 

Descriptive statistics were used to describe the demographic and clinical characteristics of the 

participants. As only actigraphy sleep data with matching sleep diary data were included in the 

analyses, participants had between 6 and 9 days of concurrent actigraphy sleep data (median=9 

days, five participants had less than 9 days of concurrent data). Actigraphy-measured sleep onset 

and offset, TSTA, SEA, and WASO plus self-reported TSTD and SED from the sleep diary were 

averaged over consecutive study days for each participant. The sleep characteristics were 

skewed; consequently, medians and interquartile ranges (IQR) were reported for the actigraphy 

and self-report sleep measures.   

Actigraphy circadian outcomes were analyzed by cosinor analysis and NPCRA analysis to 

quantify 24-hour rest-activity circadian rhythms for each participant. Actigraphy raw activity 

data were transformed using natural log (ln) function followed by fitting a 24-hour cosine curve 

through regression analysis. Given the activity count data were highly skewed, natural log 

transformation was able to make the activity count data at each time point more uniform and 

balanced over a 24-hour period, especially important for the low-activity nighttime period (36). 

Circadian outcomes were presented as means ± standard deviation (SD) to depict rest-activity 

circadian rhythms.  

Given the nature of this pilot study with the lack of comparison group, each of the mean 

actigraphy circadian parameters, TSTA, and SEA used Hedges’ G effect sizes to compare with 

those from a sample of 578 community-dwelling U.S. adults, which have been described in 

detail elsewhere (37). Data analyses were performed using SPSS (v 25). 

RESULTS 

Participant Demographic and Clinical Characteristics 

Table 1 shows the demographic and clinical characteristics of the study sample. The mean age of 

the sample was 49±15.9 years; 72% were male and lived independently. 57% were trauma 
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patients and 79% met the criteria for moderate and severe ARDS (PaO2/FiO2 ratio ≤ 200) (38). 

The mean premorbid IADL score was 12.8 ± 2.5, indicating mild functional limitations, yet only 

14% (n=2) were full-time employed. 

Sleep Characteristics in ARDS Survivors 

Table 2 summarizes the actigraphy and sleep diary data and insomnia symptom scores. The 

median TSTA was 7.8 hours (IQR: 6.2-8.3 hours), the median WASO was 59.8 minutes (IQR: 

45.0-92.8 minutes) and the median SEA was 81.9% (IQR: 78.9-86.0%). Based on sleep diary 

data, the median TSTD was 6.8 hours (IQR: 5.3-6.9 hours), with a median SED of 70.0% (IQR: 

62.2-86.0%). The median ISS score was 12.0 (IQR: 6.8-15.0). 42.9% of participants had 

subclinical insomnia (8≤ ISS score ≤14), and 28.6% had clinically significant insomnia (ISI score 

≥15). 

Rest-Activity Circadian Rhythm  

Table 3 summarizes circadian rest-activity measures, as well as TSTA and SEA and compares 

them with a community-dwelling sample of US adults (37). Additionally, comparisons of age 

and BMI between the two samples were performed to examine the potential effects of age and 

BMI on rest-activity circadian rhythms (37, 39). No significant differences in age and BMI 

between two samples were found, indicating the sample of community-dwelling US adults was 

comparable to our sample on these important rest-activity measures.  

24-hour Rhythm Stability/Variability. ARDS survivors had a mean IS of 0.32 (±0.10) 

compared to a typical value of 0.6 in healthy adults (27), suggesting ARDS survivors had a less 

stable rest-activity rhythm across the days. ARDS survivors had a mean IV of 0.55 (±0.18) 

which was congruent to the typical value of <1 for healthy adults (27). This suggests that ARDS 

survivors have a fairly regular rest-activity rhythm within a single day. ARDS survivors had 

significantly less stable rest-activity circadian rhythms across days (Hedges’ G effect size, E.S.(G) 
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for IS=-1.42, p<0.001), and less fragmented rest-activity circadian rhythms within a single day 

(E.S.(G) for IV=-1.29, p<0.001) compared with the sample of community-dwelling US adults. 

Less stability of rest-activity circadian rhythms across days in ARDS survivors could represent 

the suboptimal entrainment of endogenous circadian rhythms to environmental and social cues 

(37). 

24-hour Rhythm Phase. ARDS survivors exhibited later timing for peak activity (E.S.(G) for 

acrophase=0.61, E.S.(G) for M10 midpoint=0.65) and rest periods (E.S.(G) for L5 midpoint=0.55), 

and it might indicate a delayed circadian phase (also known as circadian phenotype) in ARDS 

survivors (40); however, the mean acrophase, L5, and M10 midpoint values were not 

significantly different in the two samples. ARDS survivors exhibited greater variances in peak 

activity (SD for acrophase=2.05 vs. 1.3, SD for M10 midpoint=2.64 vs. 1.6, respectively) and 

rest periods (SD for L5 midpoint=3.44 vs. 1.3, respectively) compared with the sample of 

community-dwelling US adults, indicating higher heterogeneity of circadian phase in ARDS 

survivors. 

Activity Strength and 24-h Rhythm Strength. A large effect size in mesor (E.S.(G) =-2.6, 

p<0.001), magnitude (E.S.(G) =-1.6, p<0.001), amplitude (E.S.(G) =-12.03, p<0.001), and RA 

(E.S.(G) =-1.18, p<0.001) were found in ARDS survivors of the sample compared with the sample 

of community-dwelling US adults. These results indicate that ARDS survivors were less active 

and had weaker rest-activity circadian rhythms compared to community-dwelling adults. 

Sleep Quantity and Efficiency. Both TSTA (E.S.(G) =0.51, p=0.15) and SEA (E.S.(G) =-0.57, 

p=0.01) produced moderate effect sizes, but only SEA was statistically significant, indicating that 

ARDS survivors had a longer objective total nighttime sleep time but lower sleep efficiency at 

three months after hospital discharge relative to the comparison sample. 
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DISCUSSION 

This study provides preliminary data regarding rest-activity circadian rhythms and sleep quality 

after discharge among acute respiratory failure survivors. At three months post discharge, our 

cohort of ARDS survivors exhibited subclinical and clinical insomnia symptoms, supported by 

findings from actigraphy (sleep fragmentation) and sleep diaries (reduced sleep time and 

quality). Survivors’ rest-activity circadian rhythms displayed less stability and lower amplitude 

compared to that of a published U.S. community-dwelling population. To the best of our 

knowledge, this is the first study to identify persistent circadian rhythm disruption in ARDS 

survivors after hospital discharge. 

Sleep Disruption in ARDS Survivors 

Resolving the literature on sleep disruption after critical illness can be challenging due to the 

heterogeneity of ICU populations across studies. ICU survivors are a heterogenous group of 

patients with a variety of diagnoses, pre-existing comorbidities, severity of illness, and long-term 

outcomes.  ARDS survivors are a useful population to examine the link between sleep and/or 

disruption and functional impairment, because this population shares a common pathophysiology 

(respiratory failure) and has a high prevalence of long-term functional impairment (4). Our goal 

in this study was to identify sleep and/or circadian disruptions that could reasonably contribute to 

the functional impairment of post ICU syndrome. 

Our cohort of ARDS survivors reported moderately impaired sleep time and sleep efficiency 

on their sleep diaries, but these findings were less notable in the actigraphy data. Subjective sleep 

disturbance was more pronounced, similar to prior questionnaire studies in ICU survivors (7). 

The prevalence of ISI-defined clinical insomnia at 3-months post discharge was 28.6%, similar 

to the prevalence at 12-months post discharge in our previous work of ICU survivors (26). 
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Objective total sleep time is slightly better in our cohort compared than found among 1-month 

ICU survivors by Solverson and colleagues (TSTA: 7.8 vs 6.2 hours, respectively); sleep 

efficiency estimates are quite similar (SEA: 81.9 vs 78 %, respectively) (41). The improved sleep 

time in our cohort compared to Solverson’s may reflect methodological differences and/or the 

population studied (6, 7). We performed an average of 9 nights of actigraphy (Solverson and 

colleagues performed 3 nights).  Given the potential for night-to-night variability, particularly 

among ICU survivors with insomnia (7, 42), a longer assessment period would be expected to 

generate more reliable sleep estimates. Factors that might explain slightly worse sleep in 

Solverson’s cohort include the earlier assessment period (1 month post ICU vs. 3 months after 

hospital discharge) and longer duration of mechanical ventilation (240 vs. 175 hours, 

respectively). Solverson’s study also included mostly medical ICU patients, who tend to be older 

and exhibit more pre-existing comorbidities than trauma ICU patients (57% of our cohort). 

Interestingly, our ARDS cohort exhibited higher severity of illness (APACHE II score: 24.5 vs. 

20, respectively) and longer hospital length of stay (21 vs.15 days, respectively) than those in 

Solverson’s cohort. The relative importance of pre-existing comorbidity and ICU factors in 

predicting post-ICU sleep disruption is a question that bears further investigation. 

Most survivors in our cohort reported insomnia symptoms and subjective deficits in sleep 

quantity and quality, while standard actigraphy measures of sleep (total sleep time and sleep 

efficiency) were fairly normal. There are several possible reasons for these findings. First, sleep 

diary may align better with subjective sleep impairment than standard actigraphy measures, and 

sleep diary tends to underestimate sleep time and efficiency compared to actigraphy (22, 43, 44). 

Second, identifying circadian abnormalities requires specialized analyses that take into account 

the timing of the sleep period, which is not reflected in standard actigraphy parameters. 
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Untreated circadian disruption may contribute to insomnia (45), and effective treatment must 

take account both sleep and circadian components. While limited in size and scope, this pilot 

study provides an intriguing potential insight into a circadian contribution to the subjective sleep 

complaints commonly described among survivors of critical illness (6, 42, 46). 

Rest-Activity Circadian Disruption in ARDS Survivors 

Our cohort exhibited multiple circadian abnormalities including a less stable rest-activity 

circadian rhythm, later timings for their peak activity and rest periods, a greater variance in 

circadian phase, and less active and weaker rest-activity circadian strength compared to the 

community-dwelling US adult sample with similar age and BMI distribution. To our knowledge, 

the present study is the first using actigraphy to examine rest-activity circadian rhythms after 

critical illness. 

Possible contributors to circadian disruption after hospitalization among ARDS survivors 

include inflammation, delirium, side effects of ICU treatments (i.e., sedative medications, 

mechanical ventilation), and post-ICU depression, anxiety, and post-traumatic stress disorder (3, 

11-13, 47-49). Our cohort exhibited weaker rest-activity circadian rhythms compared to 

community-dwelling adults reflected in the lower values of cosinor magnitude as well as 

NPCRA amplitude and RA. A recent population-based study showed that lower relative 

amplitude of rest-activity rhythms was related to depressed mood, mood instability, and poor 

subjective wellbeing (i.e., happiness, health satisfaction) (50). A lack of regular daily routine 

may be another possible explanation for post-ICU circadian disruption, supported by findings in 

our cohort including the low IS value, large variance in sleep offset times, and high percentage of 

unemployed participants. Regular daytime routines (i.e., work or social schedules; exposure to 

light, exercise, and food cues) are essential to strengthen the regularity of the circadian system 
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(9, 10, 51, 52). Further work is needed to identify post-ICU mental health and behavioral factors 

that may be associated with circadian disruption and serve as appropriate targets for intervention.   

Left untreated, rest-activity circadian disruption may exacerbate cognitive and psychological 

comorbidities in ARDS survivors. Participants in our study were able to live independently and 

had mild functional limitations in activities of daily living, but IADLs only reflect some domains 

of cognitive function. ARDS survivors often experience persistent impairments in physical 

activity and social functioning (3, 4, 53), both of which have been found to be associated with 

low physical activity and weak circadian strength (54, 55). Impairments in memory, executive 

functioning, attention, visual-spatial construction, and language have been described in ARDS 

survivors but were not measured in this study (56, 57). In other populations rather than ICU 

survivors, cognitive impairment has been associated with disrupted rest-activity circadian 

rhythms (i.e., less stability, more fragmentation or lower rest-activity amplitude) (39, 55, 58-60). 

A prospective study with 1,282 healthy older community-dwelling women reported that a less 

stable, lower rest-activity amplitude, and delayed peak activity timing of rest-activity circadian 

rhythms predicted the development of either mild cognitive impairment or dementia 4.9 years 

later, independently of SE and TST (58). Future studies are needed to identify if rest-activity 

circadian disruption may be a contributor to long-term cognitive deficits among ARDS 

survivors. 

Circadian re-entrainment may be a valuable treatment for sleep and quality of life 

improvement after critical illness (13, 36, 47). Re-entrainment generally includes a combination 

of chronotherapy (light and/or melatonin exposure) and behavioral interventions (e.g., set wake 

time). The timing of these therapies differs by the patient’s underlying circadian phenotype. 

Delayed circadian phase (“night owl” phenotype) is treated with morning light and evening 
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melatonin, while advanced circadian phase (“morning lark” phenotype) is treated with evening 

light. In our cohort, we discovered large variances in circadian phase markers of acrophase, M10, 

and L5 midpoints. Some subjects displayed delayed circadian phase (“night owl” phenotype) 

while others displayed advanced circadian phase (“morning lark” phenotype) (61). In the ICU, 

morning light and/or evening melatonin have been prescribed to improve nighttime sleep, 

circadian rhythms, and decrease delirium (13, 47). This timing of therapy is likely beneficial in 

patients with delayed circadian phase (e.g., “night owl” phenotype).  However, it could worsen 

advanced circadian phase (e.g., “morning lark” phenotype) and may yield minimal benefit 

among those with normal circadian phase.  Larger studies are needed, but our findings suggest 

that sleep interventions in ICU survivors may need to account for multiple circadian phenotypes. 

Limitations 

Limitations of the current study include our small sample size and restriction of the sample to 

ARDS survivors. Our findings need replication in larger and more diverse samples of ICU 

survivors. Data analysis only included data from the ARDS survivors who completed actigraphy 

and sleep diary for nine consecutive days.  Participant bias may potentially limit our results to 

generalize a general population of ARDS survivors. Data on sleep prior to critical illness were 

not available, and therefore we cannot identify a causal role for critical illness in the circadian 

abnormalities found in our cohort. Our study suggests that actigraphy is a feasible method to 

identify circadian disruption in ARDS survivors. While actigraphy is a widely accepted method 

for estimating sleep and entrained circadian rhythms in other populations, its use has not 

formally been validated against PSG (the gold standard) in ARDS survivors. Additional study is 

warranted to examine the validity of actigraphy concurrently with PSG. Larger studies are 

needed to capture a more comprehensive picture of circadian rhythms after ARDS, potentially 
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incorporating biological markers (i.e., melatonin) and measures of behavioral and environmental 

contributors (i.e., light exposure) that perpetuate circadian disruption. 

CONCLUSIONS 

Findings from this pilot study show that sleep and rest-activity circadian disruption is common 

among survivors of acute respiratory failure three months after hospital discharge. Sleep and 

circadian disruption are potentially treatable through chronotherapy (i.e., light, melatonin) as 

well as behavioral strategies. Sleep improvement and circadian rhythm regularity may be a 

promising approach to improve quality of life and daytime function in ARDS survivors. Future 

research is warranted in larger samples to validate these findings, their association with quality 

of life, and to target specific chronotypes with effective circadian interventions. 
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Figure  1: Diagram illustrating four parameters of the oscillation from cosinor analysis: mesor (the 

estimated mean activity count of the fitted 24-hour pattern), period (the duration of a full cycle), 

magnitude (mesor-to-peak difference, indicating robustness/strength of rhythm), and acrophase (the 

time of peak activity). Adapted from “Cosinor-based rhythmometry” by Cornelissen, G. Theor Biol Med 

Model. 2014;11(1):16. https://doi.org/10.1186/1742-4682-11-16. 
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Table 1. Demographic and clinical characteristics of ARDS survivors (n=14) 

Variables a Total sample 

Demographics   

  Age, years 49.1 ± 15.9 

  Male, n (%) 10 (71) 

  Body mass index, kg/m2 27.4 ± 3.5 

  Living situation   

     House/apartment (independent) 10 (71) 

     Rehabilitation facility  2 (14) 

     Others 2 (14) 

  IADL scores (0-16) 12.8 ± 2.5 

  Full time employment, n (%) 2 (14) 

  Pre-existing comorbidities, n (%)   

     Heart disease 5 (36) 

     Sleep apnea 2 (14) 

     Hypertension  5 (36) 

     Diabetes 4 (29) 

     Depression  1 (7) 

ICU characteristics   

  Diagnosis at ICU admission, n (%)  

     Trauma 8 (57) 

     Medical 6 (43) 

  Disease severity, APACHE II score  24.5 ± 4.9 

  PaO2/FiO2 ratio  163.8 ± 90.0 

   PaO2/FiO2 ratio ≤ 200, n (%) 11(79) 

  Length of hospital stay, days 21 ± 17.5 

  Length of ICU stay, days 11 ± 8.8 

  Duration of mechanical ventilation, hours 175.8 ± 135.0 

Abbreviation: ARDS, acute respiratory distress syndrome; IADL, instrumental activities of daily living; 
ICU, intensive care unit; APACHE II, acute physiology and chronic health evaluation II (APACHE II) 
classification system.a Reported as mean ± standard deviation unless specified. 
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Table 2. Sleep characteristics measured by actigraphy, sleep diary, and symptom survey 
(n=14) 

Variables  Median (IQR) 

Actigraphy  

  Sleep onset a 23:29 (22:11-00:30) 

  Sleep offset a 7:24 (6:11-09:19) 

  TSTA, hours 7.8 (6.2-8.3) 

  TSTA < 7 hours, n (%) 5 (35) 

  SEA, % 81.9 (78.9-86.0) 

  SEA <85%, n (%) 9 (64.3) 

  WASO, minutes 59.8 (45.0-92.8) 

  WASO >30 minutes, n (%) 14 (100) 

Sleep diary   

  TSTD, hours 6.6 (5.3-6.9) 

  TSTD < 7 hours, n (%) 11 (79) 

  SED, % 70.0 (62.2-80.6) 

  SED <85%, n (%) 11 (79) 

  Self-reported sleep quality b   

     Refreshing sleep > 3 nights, n (%) 2 (14.3) 

     Somewhat refreshing night > 3 nights, n (%) 9 (64.3) 

     Fatigued sleep> 3 nights, n (%) 4 (28.6) 

Insomnia symptoms, ISI score 12.0 (6.8-15.0) 

    Clinical insomnia (ISI ≥15), n (%) 4 (28.6) 

    Subthreshold (8≤ ISI ≤14), n (%) 6 (42.9) 

    No clinically significant insomnia (ISS<8), n (%) 4 (28.6) 

Abbreviation: IQR, interquartile range; TSTA, total sleep time estimated by actigraphy; SEA, sleep 
efficiency estimated by actigraphy; WASO, wake after sleep onset; TSTD, total sleep time estimated by 
sleep diary; SED, sleep efficiency estimated by sleep diary; ISS, insomnia severity index. 
a Sleep onset, sleep offset times are presented in 24-hour clock format. 
b Due to missing data (18 number of days), 96 number of days were included to examine self-reported 
sleep quality.    
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Table 3. Comparisons of the results from actigraphy rest-activity circadian rhythm and 
sleep data with those from a sample of community-dwelling US adultsa 

Parameters 

ARDS 

survivors 

(n=14) 

Community-

dwelling US 

adults (n=578) 

E.S.(G) p 

Age, years 49.1 (15.9) 51.9 (14.9) -0.19 0.489 

Body mass index, kg/m2 27.4 (3.5) 27.5 (6.0) -0.02 0.951 

24-h rhythm stability /variability      

    NPCRA IS 0.32 (0.10) 0.49 (0.12) -1.42 <0.001 

   NPCRA IV 0.55 (0.18) 0.86 (0.24) -1.29 <0.001 

Activity strength     

    Cosinor Mesor, ln counts 2.9 (0.43) 3.9 (0.5) -2.00 <0.001 

24-h rhythm strength     

    Cosinor Magnitude, ln counts 1.8 (0.39) 2.6 (0.5) -1.60 <0.001 

    NPCRA Amplitude, ln counts 3.23 (0.68) 7.0 (0.3) -12.03 <0.001 

    NPCRA Relative Amplitude (RA) 0.64 (0.11) 0.77 (0.11) -1.18 <0.001 

24-h rhythm phase     

    Cosinor Acrophase, decimal hours 15.40 (2.05) 14.6 (1.3) 0.61 0.261 

    NPCRA L5 midpoint, decimal hours 3.44 (2.49) 2.7 (1.3) 0.55 0.288 

    NPCRA M10 midpoint, decimal hours 15.26 (2.64) 14.2 (1.6) 0.65 0.158 

Actigraphy sleep parameters      

   Total sleep time, hours 7.4 (1.2) 6.90 (0.97) 0.51 0.146 

   Sleep efficiency, % 81.7 (4.8) 85.6 (7.10) -0.57 0.010 

Abbreviation: ARDS, acute respiratory distress syndrome; NPCRA, nonparametric circadian rhythm 
analysis; Ln, natural log; IS, interdaily stability; IV, intradaily variability; E.S.(G), Hedges’ G effect sizes. 
a Data reported by Cespedes Feliciano and colleagues. Sleep. 2017;40(12). doi: 10.1093/sleep/zsx168. 
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CHAPTER 3: Indirect Effect of Sleep on Abdominal Pain through Daytime Dysfunction in 

Adults with Irritable Bowel Syndrome 

 

  



 

44 
 

Manuscript Two  

This manuscript has been published. The authors are Pei-Lin Yang, PhD (c), MSN, RN, doctoral 

candidate, Department of Biobehavioral Nursing and Health Informatics, School of Nursing, 

University of Washington, Seattle, Robert L. Burr, PhD, Research Professor, Department of 

Biobehavioral Nursing and Health Informatics, School of Nursing, University of Washington, 

Seattle, Diana T. Buchanan, PhD, RN, Associate Professor, Department of Biobehavioral 

Nursing and Health Informatics, School of Nursing, University of Washington, Seattle, Kenneth 

C. Pike, PhD, Research Scientist, Office of Nursing Research, School of Nursing, University of 

Washington, Seattle, Kendra J. Kamp, PhD, RN, Post-Doctoral Fellow, Division of 

Gastroenterology, School of Medicine, University of Washington, Seattle, and Margaret M. 

Heitkemper, PhD, RN, FAAN, Professor, Chairperson, Department of Biobehavioral Nursing 

and Health Informatics, School of Nursing, University of Washington, Seattle. The citation is 

listed below: 

Yang PL, Burr RL, Buchanan DT, Pike KC, Kamp KJ, Heitkemper MM. Indirect effect of sleep 

on abdominal pain through daytime dysfunction in adults with irritable bowel syndrome 

[published online ahead of print, 2020 Jul 6]. J Clin Sleep Med. 2020;10.5664/jcsm.8658. 

doi:10.5664/jcsm.8658  

*Paper formatting is in style of Journal of Clinical Sleep Medicine  

Copyright permission to include the paper in the dissertation was obtained on Friday, June 26, 

2020 from Jonathan Wendling, Communications Manager of American Academic Sleep 

Medicine. A copy of this agreement can be found in the Appendix.  

 



 

45 
 

ABSTRACT 

Study Objectives: Sleep deficiency, psychological distress, daytime dysfunction and abdominal 

pain are common in adults with irritable bowel syndrome (IBS). Prior research on individuals 

with chronic pain has identified the indirect effect of sleep on pain through psychological distress 

or daytime dysfunction; however, it is less clear in IBS. The purpose of this study was to 

examine potential indirect effects of sleep on abdominal pain symptoms simultaneously through 

psychological distress and daytime dysfunction in adults with IBS. 

Methods: Daily symptoms of nighttime sleep complaints (sleep quality and refreshment), 

psychological distress, daytime dysfunction (fatigue, sleepiness, and hard to concentrate) and 

abdominal pain were collected in baseline assessments from two randomized controlled trials of 

332 adults (mean age 42 years and 85 % female) with IBS. Structural equation modeling (SEM) 

was used to examine the global relationships among nighttime sleep complaints, psychological 

distress, daytime dysfunction and abdominal pain. 

Results: SEM analyses found a strong indirect effect of poor sleep on abdominal pain via 

daytime dysfunction, but not psychological distress. More than 95% of the total effect of 

nighttime sleep complaints on abdominal pain is indirect.  

Conclusions: These findings suggest that the primary impact of nighttime sleep complaints on 

abdominal pain is indirect. The indirect effect appears primarily through daytime dysfunction. 

Such understanding provides a potential avenue to optimize personalized and hybrid behavioral 

interventions for adults with IBS through addressing daytime dysfunction and sleep behaviors. 

Additional study integrating symptoms with biological markers is warranted to explore the 

underlying mechanisms accounting for these symptoms.  
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BRIEF SUMMARY  

Current Knowledge/Study Rationale: Prior research on multiple populations with chronic pain 

has identified an indirect effect of sleep on pain through psychological distress or daytime 

dysfunction (i.e., fatigue, sleepiness). However, these indirect effects in the sleep-pain 

relationship in adults with irritable bowel syndrome (IBS) are less clear.  

Study Impact: This study supports a strong indirect effect of poor sleep on abdominal pain via 

daytime dysfunction, but not psychological distress, in adults with IBS. Such understanding 

provides a new window to develop effective and hybrid interventions for adults with IBS through 

addressing sleep behaviors and daytime functioning.  
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INTRODUCTION 

Irritable bowel syndrome (IBS) is a prevalent chronic functional bowel disorder worldwide, 

characterized by chronic, recurrent abdominal pain/discomfort related to defecation or a change 

in bowel habits (constipation and/or diarrhea).1,2 Adults with IBS often experience 

gastrointestinal (GI) symptoms (i.e., abdominal pain, constipation and/or diarrhea, abdominal 

bloating and distension), as well as non-GI symptoms (e.g., sleep deficiency, psychological 

distress, daytime dysfunction).1,3 IBS adversely impacts health-related quality of life and work 

productivity.4-8 In the U.S., the estimated direct medical costs of IBS (i.e., outpatient care, 

primary and specialist physician visits) is between $1.7-$10 billion/year and indirect cost (i.e., 

productivity loss, work productivity, quality of life) is $20 billion. There is an urgent need to 

identify modifiable risk factors in order to design effective treatments for adults with IBS.8  

Sleep deficiency is a well-documented health concern in adults living with IBS, affecting an 

estimated 37.6 % of this population.9,10 Sleep deficiency is a broad concept encompassing both 

sleep deprivation and poor sleep quality.11 Researchers, using both self-reported and objective 

measures, have shown that poor sleep quality is a significant predictor of next-day IBS 

symptoms (i.e., abdominal pain/discomfort), psychological distress (i.e., depression, anxiety), 

and daytime dysfunction (i.e., fatigue and sleepiness).12-16 Poor sleep quality is a modifiable risk 

factor for IBS symptom flare-ups, particularly for abdominal pain, which is the most bothersome 

of IBS symptoms.17-19  

Systematic reviews of the sleep-pain relationship reveal that an indirect effect of sleep on 

pain through psychological distress or daytime dysfunction in individuals with chronic pain-

related conditions such as fibromyalgia, rheumatoid arthritis, abdominal pain or headache.20,21 

However, less is known about the roles of psychological distress and daytime dysfunction in the 

sleep-pain relationship in adults with IBS. Limited evidence in IBS suggests an indirect effect of 
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sleep on pain through psychological distress. One study in 24 adults with IBS found the effect of 

poor sleep quality (indicated by waking episodes measured by a wrist-worn actigraph) on self-

reported abdominal pain symptoms was partially mediated by psychological distress.13  

There is even less known about the indirect effect of sleep on pain through daytime 

dysfunction in persons with IBS. In a study of 918 female adolescents, Bonvanie and colleagues 

found that self-reported poor sleep quality indirectly affected abdominal pain through fatigue 

(one component of daytime dysfunction); however, the investigators did not adjust for potential 

confounding effect of psychological distress.22 Taken together, prior studies have not 

simultaneously evaluated the potential indirect effects of sleep on pain through both 

psychological distress and daytime dysfunction.  

Sleep deficiency, abdominal pain, daytime dysfunction and psychological distress are 

common in individuals with IBS,3,12,23 and therefore clarifying the roles of varied factors in the 

sleep-pain pathway in persons with IBS could have significant clinical implications for 

management of symptom clusters. The purpose of this study was to examine the potential 

indirect effects of sleep on pain through psychological distress and/or daytime dysfunction 

among adults with IBS by using a structural equation modeling (SEM) approach. SEM allows 

for the inclusion of multiple indicators to measure the multifaceted symptom constructs of sleep 

deficiency, psychological distress, daytime dysfunction and abdominal discomfort/pain,3,20,21 and 

further to reduce measurement error of these four multifaceted symptoms of interest.24 Also, 

SEM is able to include analyses of multiple relationships simultaneously (i.e., direct and indirect 

effects) to build a more sophisticated statistical model rather than doing several individual 

regressions.24,25 Utilizing SEM may provide a unique window into the understanding of how 
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sleep deficiency, abdominal discomfort/pain, daytime dysfunction and psychological distress 

interact to optimize symptom management in IBS populations.  

METHODS 

Participants  

This study is a secondary data analysis using baseline symptom diary data recorded over 28 

consecutive days from two randomized controlled trials (RCTs) among adults with IBS. This 

study includes a total sample of 332 adults with IBS (RCT-1 = 224, RCT-2 = 108), both 

previously described in detail elsewhere and registered in ClinicalTrials.gov. of the U.S. National 

Institutes of Health (Clinicaltrials.gov identifier: NCT00167635 for RCT 1; NCT00907790 for 

RCT 2).26,27 Participants were recruited through community advertisements. Both RCTs applied 

similar eligibility criteria: 1) a medical diagnosis of IBS and experiencing symptoms compatible 

with Rome II (for RCT-1) or III (for RCT-2) criteria for IBS, and 2) 18-70 year-old adults; 3) no 

significant co-morbidity based on the guiding principle of whether the morbidity could affect 

symptom measures or compromise a participant’s ability to complete the study (i.e., symptoms 

of cognitive impairments, untreated sleep disorder, severe depression, and a moderate to severe 

pain disorders), and 4) not taking medications that could affect outcome measures (i.e., 

antidepressants, calcium-channel blockers, anticholinergics, cholestyramine, narcotics, 

colchicine, iron supplements, or laxatives). 

Measures 

Daily Symptom Measures of Abdominal Discomfort/Pain, Psychological Distress and 

Daytime Function. All participants completed a daily 26-item symptom diary every evening 

over 28 consecutive days (over one menstrual cycle).26,27 The severity of each daily IBS 

symptom over the past 24 hours was rated on a scale of 0 (not present), 1 (mild), 2 (moderate), 3 
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(severe), or 4 (very severe). Items included in the present analyses were ratings of abdominal 

discomfort/pain (abdominal pain, abdominal pain after eating, abdominal distention, intestinal 

gas), psychological distress (depressive mood, anxiety, stress) and daytime dysfunction (fatigue, 

sleepiness during the day, hard to concentrate) were included in data analyses. Acceptable 

construct validity of the 26-item symptom diary has been confirmed by previous IBS 

studies.3,28,29  

Daily Sleep Measures. Participants also daily assessed overall sleep quality and feelings of 

“refreshed sleep” at the same time when the daily symptom diary was completed. Participants 

evaluated overall sleep quality as “poor”, “fair”, “good”, “very good” or “excellent”, as well as 

rated the item “I felt refreshed by last night's sleep” on the level of “not at all refreshed”, 

“somewhat”, “moderately” or “very refreshed”. The responses demonstrate appropriate validity 

when correlated with validated sleep measures.30-32 

Statistical Analyses 

All symptom measures were represented by the percentage of symptomatic days in the 28-day 

diary. For indicators of abdominal discomfort/pain, psychological distress, and daytime 

dysfunction, symptomatic days were indicated by ratings of 2 (moderate) to 4 (very severe) (100 

% × number of days with of rating of ≥ 2 / 28 diary days).3 For sleep quality, rating of “poor” or 

“fair” indicated nights with poor sleep, and for refreshing sleep, “not at all” or “somewhat” 

indicated night with unrefreshing sleep.33 Using the percentage of symptomatic days over a 28-

day diary data for each indicator was able not only to capture both the symptom severity and 

frequency, but also to minimize recall bias from self-report measures. All measures were 

collected at baseline and prior to any intervention.  
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Descriptive statistics were used to describe the demographic and clinical characteristics of 

the participants as well as all indicators of the latent variables of nighttime sleep complaints, 

abdominal discomfort/pain, daytime dysfunction and psychological distress (see Table 1).  

The statistical analyses were performed in two phases.24 In the first phase, the confirmatory 

factor analysis (CFA) was used to evaluate the validity of the hypothesized measurement model. 

Latent variables were free to co-vary without specifying structural relationships. Sequentially, 

the measurement invariance of the established measurement model was evaluated to examine 

moderating effects of the two parent studies (RCT-1 vs. RCT-2) and sex. Such tests of 

measurement invariance aimed to determine if combining the samples of two parent studies in 

the analyses was appropriate and the need for doing separate analyses based on sex. Therefore, 

we examined the measurement invariance of the final model across groups including the two 

parent studies and sex by comparing the model of configural invariance with the model of metric 

invariance.34 Next, chi-square difference tests were used to determine whether the model of 

metric invariance would improve the goodness of fit index (GFI) of the measurement model.  

In the second phase, SEM was used to examine the relationships among these four latent 

variables and to test hypotheses about the direct and indirect effects of sleep on pain through 

psychological distress and/or daytime dysfunction (Figure 1). In both phases, GFI including chi-

square (χ2), Comparative Fit Index (CFI), Standardized Root Mean-Square Residual (SRMR) 

and Root Mean-Square Error of Approximation (RMSEA) with 90% confidence interval (CI) 

were used to assess how well the models fit the dataset. The recommended cutoff of CFI is ≥ 

0.90. SRMR above 0.10 indicates a poor fit and RMSEA less than 0.08 indicates an acceptable 

fit.35 The statistical software package RStudio version 3.6.1 under “lavaan” statistical package 

was used for CFA and SEM with maximum likelihood estimation.  
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[Figure 1 here] 

RESULTS  

Descriptive Statistics and Correlations between Symptom Indicators  

Of the 1,498 potential participants screened for two parent studies (RCT-1 = 771, RCT-2 = 727), 

26,27 1,166 persons (RCT-1 = 547, RCT-2 = 619) were excluded in this data analysis for various 

reason (i.e., not meeting inclusion criteria, declined to participate, did not respond to call). A 

total sample of 332 adults with IBS were included in this study. Demographic and clinical 

characteristics of the sample were previously described in detail elsewhere.3 The mean age of the 

sample was 42.18 ± 14.61 years and 85% were females. Most of participants were racially self-

identified as Caucasian (80.4%) and college-educated (84.3%) (data not shown). Table 1 

summarizes the descriptive statistics and correlations of the measures. 

[Table 1 here] 

 Measurement Model 

Table 2 presents the unstandardized and standardized factor loadings of the symptom indicators 

for the latent variables as well as GFI in our measurement model. Our measurement model yields 

an acceptable fit to the dataset (CFI = 0.95; RMSEA = 0.09 [90 % CI: 0.08-0.10], P < 0.001; 

SRMR = 0.05). Standardized factor loadings of symptom indicators within their latent variables 

were all statistically significant and greater than 0.6, suggesting the latent variables of nighttime 

sleep complaints, daytime dysfunction, psychological distress and abdominal discomfort/pain 

were measured adequately by their respective symptom indicators. 

 [Table 2 here] 

Measurement Invariance  
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Table 3 presents the GFI of tests of measurement invariance by groups. The measurement model 

was invariant across 2 parent studies (RCT-1 vs RCT-2) and sex, indicating that the 

measurement model is valid for participants in both RCT-1 and RCT-2 studies and regardless of 

sex.  

[Table 3 here] 

SEM Model 

Figure 2 illustrates the standardized estimates for structural relationships and factor loadings for 

each indicator of the initial SEM model. The GFI of the initial SEM model (CFI = 0.91; RMSEA 

= 0.12 [90 % CI: 0.11-1.14], P < 0.001; SRMR = 0.16) suggest inadequate model fit. Based on 

modification index values, a direct path between psychological distress and daytime dysfunction 

was added and it was also supported by empirical evidence.23  

The final SEM model (Figure 3) yielded relatively good model fit to the data (CFI = 0.95; 

RMSEA = 0.09 [90 % CI: 0.08-0.10], P < 0.001; SRMR = 0.05). Nighttime sleep complaints 

was a significant predictor for psychological distress (β = 0.26, P < 0.001) and daytime 

dysfunction (β = 0.31, P < 0.001), but not for abdominal discomfort/pain (β = 0.04, P = 0.621). 

Similarly, psychological distress was a significant predictor for daytime dysfunction (β = 0.59, P 

< 0.001), but not for abdominal discomfort/pain (β = 0.08, P < 0.301). Daytime dysfunction was 

significantly predictive for abdominal discomfort/pain (β = 0.48, P < 0.001).  

Table 4 summarizes the indirect and direct effects in the relationship from nighttime sleep 

complaints to abdominal discomfort/pain through psychological distress and daytime 

dysfunction in the initial and final SEM models. In both initial and final SEM models, there was 

a specific positive indirect relationship of nighttime sleep complaints with abdominal 

discomfort/pain significantly linked to daytime dysfunction (initial SEM model: β = 0.23, P < 

0.001; the final model: β = 0.74, P < 0.001), but not significantly linked to psychological distress 
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(initial SEM model: β = 0.03, P = 0.068; the final model: β = 0.02, P = 0.315). The total effect of 

nighttime sleep complaints on abdominal discomfort/pain was significantly positive in both 

models (initial SEM model: β = 0.30, P < 0.001; the final model: β = 0.80, P < 0.001). 

Additionally, the direct effect of nighttime sleep complaints on abdominal discomfort/pain was 

not statistically significant (initial SEM model: β = 0.04, P = 0.531; final SEM model: β = 0.04, 

P = 0.621). Taken together, the path of nighttime sleep complaints to abdominal discomfort/pain 

was through daytime dysfunction, while not through psychological distress.  

 [Table 4 here] 

DISCUSSION  

To the best of our knowledge, this study is the first to examine the potentially indirect effects of 

sleep on abdominal pain through psychological distress and daytime dysfunction symptoms 

simultaneously in community-dwelling adults with IBS. The results of this study suggest that the 

primary impact of nighttime sleep complaints on abdominal discomfort/pain symptoms is 

indirect through daytime dysfunction. That is, a higher severity of nighttime sleep complaints 

appears to increase the severities of psychological distress and daytime dysfunction. 

Sequentially, a higher severity of daytime dysfunction appears to perpetuate the impact of 

nighttime sleep complaints on abdominal discomfort/pain symptoms in adults with IBS. As such 

the sleep-pain relationship in adults with IBS is significantly attenuated by an individual’s 

perception of better daytime functioning.  

The current evidence regarding the non-significant direct effect of poor sleep quality on 

abdominal discomfort/pain coincides with our previous findings in which actigraphic sleep 

efficiency was not predictive for next-day abdominal discomfort/pain across and within adult 

subjects.12 Additionally, the indirect effect of sleep through daytime dysfunction may explain 
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previous findings in which effects of self-reported poor sleep quality on abdominal 

discomfort/pain symptoms only existed ‘within’ subjects but not ‘across’ subjects.12 The indirect 

effect of sleep through daytime dysfunction could reflect inadequate coping strategies to daytime 

dysfunction symptoms36 or an individual trait (i.e., catastrophizing)37 toward globally reporting 

multiple symptoms with consistent severity ratings.38 It may explain why comprehensive self-

management including cognitive behavioral therapy is effective for alleviating abdominal 

discomfort/pain for adults with IBS.26,27 However, there might also be a physiological pathway 

by which sleep dysfunction concurrently disrupts daytime function and also sensitizes the central 

nervous system to abdominal pain sensations.39-41  

Daytime dysfunction symptoms are well-known consequences of sleep deficiency42 and have 

also been previously linked with abdominal discomfort/pain symptoms. Two prospective 

population-based studies found that fatigue43 or daytime tiredness44 were significant predictors of 

the onset of abdominal pain. A population-based study in China found that persons with 

excessive daytime sleepiness were more likely to suffer functional gastrointestinal disorders on 

the basis of Rome II criteria.45 Similarly, ‘hard to concentrate’ as a proxy of daytime dysfunction 

was also found to be associated with IBS-related discomfort and pain symptoms in persons with 

initiating and/or maintaining sleep.46 Our current finding about the indirect effect of sleep on 

pain through daytime dysfunction reveals that the presence of daytime dysfunction symptoms 

provides a significant variance in the sleep-pain relationship in persons with IBS.  

In contrast to the present findings, a prior study by Patel and colleagues identified the indirect 

effect of sleep on pain through psychological distress in 24 adults with IBS.13 Such discrepancy 

might be attributed to the methodological differences and/or the sample characteristics between 

the studies. For example, Patel used multiple retrospective measures of psychological distress, 
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which may have been influenced by recall bias, and a prospective objective measure of sleep 

(actigraphy). The current study used prospective daily symptom diaries to assess both 

psychological distress and sleep.38 It may be that the self-reported sleep measures in our study 

compared to actigraphic sleep measures in Patel’s may capture different aspects of the sleep-pain 

relationship. The potential indirect effect of sleep on pain through psychological distress should 

be confirmed by a larger study that concurrently applies self-reported and physiological sleep 

measures in IBS. 

 The findings of this study have important implications for understanding and managing IBS 

symptoms. As nighttime sleep complaints directly predicted both daytime dysfunction and 

psychological distress, treating nighttime sleep complaints may alleviate both of these symptom 

clusters. However, an intervention only targeting sleep without taking account of daytime 

function (fatigue, tiredness, cognitive dysfunction) might be less effective for treating abdominal 

discomfort/pain. Addressing daytime dysfunction appears an even more critical target of IBS 

symptom management among adults with IBS who experience both nighttime sleep complaints 

and abdominal discomfort/pain (with and without psychological distress). Based on existing 

evidence in other populations with chronic diseases such as such cancer47-49 and rheumatic 

diseases,50 the underlying mechanisms of the sleep-pain relationship through daytime 

dysfunction remains unclear in IBS. Inflammation (i.e., interleukin-6 [IL-6], tumor necrosis 

factor-α [TNF-α]), the hormones of the hypothalamic-pituitary-adrenal (HPA) axis system, and 

neurotransmitter dysregulation might be involved. For example, sleep dysfunction has been 

found to activate the immune system and significantly increase pro-inflammatory cytokine (IL-6, 

TNF-α) levels,51 which could signal the central nervous system and lead to daytime dysfunction 

symptoms (i.e., fatigue) or other behavioral changes.52 There is also evidence indicating that 
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inflammation has adverse effects on pain experience (i.e., visceral hyperalgesia) through the 

dysregulation of HPA and/or the autonomic nervous system, which may be due to the indirect 

effect of sleep dysfunction through fatigue.49 Such proposed mechanisms are supported by a 

meta-analysis in which IL-6 levels are higher in individuals with IBS compared to healthy 

controls.53 Whether there is a shared mechanism linking sleep with abdominal discomfort/pain 

through daytime dysfunction in adults with IBS is still a question that bears further research to 

integrate symptoms with biological markers.  

Limitations 

Despite our findings that add to the current knowledge regarding the relationship of nighttime 

sleep complaints and abdominal pain in adults with IBS, there are limitations in the current 

study. The study used a community sample of the adults with IBS and the majority were females. 

The relationships in the current SEM model might vary when different characteristics of the 

sample are analyzed. For example, a study in 871 adults with IBS found that the correlations 

between daytime dysfunction (indicated by driving lapses) and IBS-like pain symptoms only 

existed in females but not in males.46 Therefore, replication in more diverse IBS samples 

including more men with IBS or those with additional comorbidities is warranted. Also, although 

the directional relationships among nighttime sleep complaints, psychological distress, daytime 

dysfunction and abdominal discomfort/pain in the hypothesized SEM model were supported by 

our prior sleep studies of women only with IBS,12,15 this study utilized a cross-sectional SEM 

approach and thus temporal sequences among these latent variables in IBS cannot be established 

due to the current sample size limitations. There might be alternative models fitting the data 

equally well.  For example, another alternative SEM model with the direct and indirect effect of 

sleep on daytime dysfunction through psychological distress and abdominal discomfort/pain 

symptoms could be considered as well. The directionality of these causal relationships in IBS 
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needs confirmation by experimental research or a cross-lagged panel analysis in a prospective 

study design with a large sample size. Thus, this study aimed to examine a hypothesized model 

that was supported by the data to test the global relationships among sleep, pain, psychological 

distress and daytime dysfunction among adults with IBS. Despite this limitation of temporal 

sequencing, this study has made a significant contribution by testing simultaneously multiple 

direct and indirect effects of sleep on pain through psychological distress and daytime 

dysfunction, and found a strong indirect effect only through daytime dysfunction, but not 

through psychological distress. This study also differs from previous studies in the utilization of 

multiple indicators and its account for measurement errors. Due to the lack of the information 

about the quantity of sleep obtained from the parent studies, our results may only support the 

direct and indirect effects of poor sleep quality on abdominal pain. It is suggested in future 

studies to add an indicator related to inadequate amount of sleep to capture a comprehensive 

picture of sleep deficiency among these symptom relationships of interest. Given the nature of 

this secondary analysis, symptom data were obtained from daily diary responses. Future 

researchers may consider adding other validated parallel indicators (i.e., the patient-reported 

outcomes information system [PROMIS] gastrointestinal symptom scales, Pittsburgh Sleep 

Quality Index)54 to verify our SEM models. Symptom data in the current study relied on self-

report measures rather than objective measures (i.e., actigraphy for sleep, provocation tests for 

abdominal pain). Even though this is considered a limitation, symptoms are subjective individual 

experiences; therefore, self-report might be appropriate measurement for symptoms. Our results 

are limited to understanding the relationships among self-perceived symptoms (i.e., sleep, pain, 

psychological and daytime functioning) in IBS.  
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CONCLUSIONS  

Findings from our SEM analyses show a strong indirect effect of nighttime sleep complaints on 

abdominal pain through daytime dysfunction in the adults with IBS, suggesting daytime 

dysfunction is a critical target for IBS symptom management. Among adults with IBS, adequate 

daytime functioning essentially could reduce or remove poor sleep during the night as a risk 

factor for abdominal discomfort/pain symptoms even after adjusting for psychological distress. If 

adults with IBS experience poor sleep quality and/or psychological distress but they can maintain 

appropriate daytime functioning, the impact of poor sleep on abdominal discomfort/pain can be 

minimized. Our findings add to current knowledge in IBS population by linking nighttime sleep 

complaints to abdominal discomfort/pain through daytime dysfunction, and provides a potential 

avenue to optimize personalized and hybrid interventions through addressing daytime 

functioning and sleep behaviors for IBS populations. Additional work is warranted to address the 

issue of the causality and directionality as well as to understand a shared mechanism among 

these symptom constructs. 
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Table 1. Descriptive statistics and zero-order correlations 

Measure Mean (SD) 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 

Age, years 42.18 (14.61) -- -- -- -- -- -- -- -- -- -- -- -- 

Female (1=yes) 0.85 (0.36) -- -- -- -- -- -- -- -- -- -- -- -- 

Outcomes               

Abdominal discomfort/pain               

1. Abdominal pain 37.08 (26.05) --            

2. Abdominal pain after eating 29.64 (26.01) .80 --           

3. Abdominal distention 31.01 (31.82) .66 .68 --          

4. Intestinal gas 38.67 (30.05) .57 .55 .62 --         

Predictors               

Nighttime sleep complaints               

5. Diminished sleep quality 40.65 (27.18) .25 .25 .20 .22 --        

6. Unrefreshed sleep 48.61 (27.15) .20 .22 .18 .21 .81 --       

Daytime dysfunction               

7. Fatigue 33.98 (27.25) .45 .42 .40 .38 .39 .42 --      

8. Sleepiness during the day 26.43 (25.79) .44 .43 .39 .35 .35 .36 .83 --     

9. Hard to concentrate 13.93 (20.77) .35 .33 .32 .30 .27 .30 .62 .60 --    

Psychological distress               

10. Anxiety 18.76 (22.41) .31 .25 .19 .30 .18 .18 .44 .43 .51 --   

11. Stress 25.64 (25.44) .39 .35 .29 .28 .24 .25 .58 .58 .55 .75 --  

12. Depressive mood 9.64 (16.51) .26 .25 .13 .20 .15 .17 .43 .43 .60 .70 .62 -- 

Note. N = 332 adults with irritable bowel syndrome; Pearson's r reported; Means (SDs) for abdominal discomfort/pain, daytime dysfunction and 
psychological distress indicators are the symptom severity for each indicator, defined as the percentage of days rated as "moderate" to "very severity" 
of each symptom severity over 28 days; Mean (SD) for diminished sleep quality indicator is defined as the percentage of days rated as "poor" to "fair" 
sleep quality over 28 days; Mean (SD) for unrefreshed sleep indicator is defined as the percentage of days rated as "not at all refreshed" or "somewhat 
refreshed" sleep over 28 days.  
All correlation coefficients are significant at P < .01 
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Table 2. Summary of the measurement model from confirmatory factor analysis 
 

Latent variable  Indicator 
Unstandardized 
factor loading 

Standardized 
factor loading 

Standard 
error 

Goodness-of-
fit indexes 

Pa 

Abdominal discomfort/pain Abdominal pain 22.97 .88 1.16   

Abdominal pain after eating  22.93 .88 1.16   

Abdominal distention 24.73 .78 1.52   

Intestinal gas 20.17 .67 1.52   
Nighttime sleep complaints Diminished sleep quality  23.94 .88 1.49   

Unrefreshed sleep  25.02 .92 1.48   
Daytime dysfunction Fatigue  25.04 .92 1.18   

Sleepiness during the day  23.09 .90 1.13   

Hard to concentrate 14.37 .69 1.03   
Psychological distress Anxiety 19.03 .86 1.04   

Stress 22.13 .87 1.18   

Depressive mood 12.47 .76 0.81   

Measurement model fit indexes       

χ2(df)          174.09 (48)  < .001 

CFI           0.95  

SRMR           0.05  

RMSEA           0.09 < .001 

RMSEA 90% CI-lower            0.08  

RMSEA 90% CI-upper           0.10  
Note. N = 332 adults with irritable bowel syndrome. All loadings based on maximum likelihood estimates. 
Abbreviation: df = degree of freedom; CFI = Comparative Fit Index; SRMR = Standardized Root Mean-Square Residual; RMSEA = Root 
Mean-Square Error of Approximation; CI = Confidence Interval.  
All loadings are significant at p < .001; Pa is for measurement model fit indexes of χ2 and RMSEA. 



 

69 
 

 

Table 3. Fit statistics for tests of group invariance  

Model χ2 df CFI RMSEA SRMR BIC  χ2  df  Pa  

RCT-1 (n = 224) vs. RCT-2 (n = 108)          

Configural invariance 248.64 96 0.942 0.098 0.055 34976    

Metric invariance with all loadings constrained equal 253.42 104 0.943 0.093 0.055 34934 4.778 8 0.781 

Females (n = 283) vs. Males (n = 49)          

Configural invariance 233.57 96 0.947 0.093 0.052 34903    

Metric invariance with all loadings constrained equal 240.61 104 0.947 0.089 0.053 34864 7.039 8 0.53 
Note. Pa is for chi-square difference tests. 
Abbreviation: RCT = randomized controlled trials; χ2 = chi-square; df = degree of freedom; CFI = Comparative Fit Index; SRMR = 
Standardized Root Mean-Square Residual; RMSEA = Root Mean-Square Error of Approximation; BIC = Bayesian information criterion.  
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Table 4. Analysis of direct and indirect effects of sleep on pain  

  Outcome variable 
  Abdominal discomfort/pain 

Predictor variable Mediator 
Indirect 
effect 

Total 
indirect 
effect 

Direct 
effect 

Total 
effect 

Initial SEM model      

Nighttime sleep 
complaints 

Psychological 
distress 

0.03 0.26*** 0.04 0.30*** 

Daytime dysfunction 0.23***    
Final SEM model      

Nighttime sleep 
complaints 

Psychological 
distress 

0.02 0.76*** 0.04 0.80*** 

Daytime dysfunction 0.74***    

Abbreviation: SEM = structural equation modeling 
*** P < .001. 
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CHAPTER 4: Associations between chronotype, social jetlag, and weekday sleep in 

women with irritable bowel syndrome 
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ABSTRACT 

Sleep deficiency is well-documented in individuals with irritable bowel syndrome 

(IBS). Sleep deficiency includes poor sleep quality and an inadequate amount of sleep, 

and is a modifiable risk factor for IBS symptom exacerbations. Prior studies in other 

populations have identified chronotype and social jetlag (SJL) as important 

determinants of sleep outcomes. However, chronotype and SJL have not been examined 

in women with IBS. We used multiple linear regression analyses to determine whether 

chronotype and SJL are associated with sleep outcomes during weekdays among 

women with IBS predominant constipation (IBS-C), IBS with predominant diarrhea 

(IBS-D) and healthy control (HC) women. This sample included 62 women with IBS 

(IBS-C =29, IBS-D =33) and 58 HC women who completed 28-day daily diary from 

two study cohorts. Chronotype was estimated from daily diary data with the average 

mid-sleep time on weekends (MSWwe). SJL was calculated by subtracting the average 

mid-sleep time on weekdays from MSWwe. Sleep outcomes included diary assessments 

of sleep quality, sleep need met and restorative sleep during weekdays. In HCs, later 

chronotype was predictive of lower sleep quality (β = -0.19, p < 0.01), a perception of 

sleep need not met (β = -0.17, p < 0.001) and a less restorative sleep during weekdays 

(β = -0.15, p = 0.073), whereas SJL was not associated with sleep outcomes. Similar to 

HCs, earlier chronotypes in women with IBS-C reported better sleep quality and more 

sufficient sleep need met and restorative sleep during weekdays than later chronotypes 

(all p > 0.05). Compared to HCs, the relationships of chronotype with weekday sleep 

outcomes in the women with IBS-D were in the opposite directions (all p < 0.05). This 

exploratory study suggests that chronotype may be an important contributor to sleep 

outcomes in women with IBS-C and IBS-D, particularly sleep quality and sleep need 

met.  
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Introduction  

Irritable bowel syndrome (IBS) is a prevalent chronic functional bowel disorder, 

affecting an estimated 11 % of the global population (Canavan, West et al., 2014). IBS 

is characterized by chronic, recurrent abdominal discomfort/pain related to bowel 

pattern alterations, and is more common in women than men (Drossman, 2016). The 

diagnosis of IBS is currently done with the Rome IV consensus-derived criteria 

(Drossman & Hasler, 2016). To guide clinical treatment, IBS is further classified into 

four subtypes based on stool consistency: IBS with predominant constipation (IBS-C), 

IBS with predominant diarrhea (IBS-D), IBS with mixed bowel habits (IBS-M), and 

IBS unclassified (IBS-U) (Drossman, 2016; Defrees & Bailey, 2017). IBS imposes a 

substantial economic burden on healthcare systems, and can adversely affect quality of 

life and reduce work productivity (Buono, Carson et al., 2017; Corsetti & Whorwell, 

2017).  

The etiology of IBS remains to be elucidated; it has been linked with genetics, 

dysregulation of the brain-gut axis, altered immune responses, altered microbiome 

(dysbiosis), psychological distress, as well as environmental and lifestyle risk factors 

(Guo, Zhuang et al., 2015; Drossman, 2016; Henström & D’Amato, 2016; Defrees & 

Bailey, 2017). Of these, lifestyle risk factors may be the most amenable to behavioral 

changes with subsequent improvement in symptoms and quality of life for individuals 

with IBS (Kang, Choi et al., 2011; Shahabi, Naliboff et al., 2016). A number of 

investigators have shown that sleep deficiency, including inadequate amount of sleep 

obtained and poor sleep quality, is a significant risk factor for IBS symptom 

exacerbations such as abdominal pain, fatigue and psychological distress (Buchanan, 

Cain et al., 2014; Lee, Yoon et al., 2017; Tu, Heitkemper et al., 2017; Ben, Ruqiao et 
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al., 2018). As such, sleep deficiency may be an important target for behavioral 

modifications to optimize IBS symptom management.  

 Circadian rhythms are endogenous physiological and behavioral processes that are 

entrained to the 24-hour external environment (Parkar, Kalsbeek et al., 2019). Inter-

individual differences in circadian entrainment can be attributed to intrinsic (e.g. 

circadian genes, age, gender, health conditions, gut microbiome) and extrinsic factors 

(e.g. light exposure, eating behaviors, social timing) (Roenneberg, Kuehnle et al., 2007; 

Mattson, Allison et al., 2014; Fischer, Lombardi et al., 2017; Parkar, Kalsbeek et al., 

2019), leading to different circadian phenotypes, known as chronotypes (Roenneberg, 

2015). Chronotype is in part determined by an individual’s phase of circadian 

entrainment relative to the external 24-hour environment (Roenneberg, 2015). Early 

chronotypes, “larks”, prefer waking up and going to bed early while late chronotypes, 

“owls”, prefer waking up and going to bed late. Whether these chronotype 

characteristics are associated with sleep quality and/or quantity in individuals with IBS 

remains to be examined.   

Investigators have found that chronotype is an important determinant of sleep 

quality and quantity in multiple, other populations including students and employees 

with regular daytime work/school schedules. Specifically, late chronotypes are more 

likely to report poor sleep quality (Orr, Elsenbruch et al., 2000; Yun, Ahn et al., 2015; 

Chrobak, Nowakowski et al., 2018), less restorative sleep (Tutek, Molzof et al., 2017), 

shorter sleep duration (Soehner, Kennedy et al., 2011), insomnia (Ong, Huang et al., 

2007; Merikanto, Kronholm et al., 2012) and daytime dysfunction symptoms (Chrobak, 

Nowakowski et al., 2018) compared to early chronotypes. Even though sleep deficiency 

is well-documented in individuals with IBS (Tu, Heitkemper et al., 2017; Ben, Ruqiao 
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et al., 2018), whether sleep deficiency symptoms are associated with chronotype and 

vary among IBS bowel pattern subgroups remains to be explored.  

Habitual sleep bedtimes and risetimes are influenced by social factors such as 

work/school schedules and other social commitments. These social factors lead to a 

variance in bedtime and risetime timing between weekdays and weekends creating a 

circadian misalignment known as “social jetlag” (SJL) (Wittmann, Dinich et al., 2006; 

Roenneberg, Pilz et al., 2019). For example, after a weekend, on Monday individuals 

may experience symptoms consistent with jet lag associated with travelling across time 

zones (Roenneberg, Pilz et al., 2019). SJL is used as an estimate of the time discrepancy 

between endogenous circadian phase and imposed social timing, and it is considered the 

most common circadian misalignment in modern society (Beauvalet, Quiles et al., 

2017). Adults with greater SJL are more likely to report poor sleep quality (Islam, Hu et 

al., 2019; Sűdy, Ella et al., 2019) and sleep less on weekdays (Rutters, Lemmens et al., 

2014) as compared to those with less SJL. It remains to be determined whether 

individuals with IBS experience more SJL and whether SJL influences weekday sleep 

outcomes.  

The aims of this secondary analysis were to (1) compare diary reported sleep-wake 

patterns (bedtimes, wake times, sleep duration) and sleep outcomes (sleep quality, sleep 

need met and restorative sleep) on weekdays and weekends by groups of women with 

IBS-C, IBS-D, and healthy controls (HC); (2) compare estimates of chronotype and SJL 

derived from daily diary entries of bedtimes and wake times on weekends and weekdays 

by groups; (3) examine relationships of chronotype and SJL with weekday sleep 

outcomes; and (4) test whether these relationships differ by IBS bowel pattern 

predominance subgroups compared to HCs. Given the importance of sleep deficiency in 

the exacerbation of IBS symptoms, a deeper understanding of how chronotype and SJL 
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influence sleep outcomes in women in IBS subgroups could have clinical implications 

for symptom management. 

Materials and methods 

Participants and procedures 

This is a secondary data analysis of two studies of sleep in women with IBS and age-

matched HC women, 18-45 years old, recruited through community advertisements. 

The details of recruitment and other procedures have been published elsewhere 

(Heitkemper, Jarrett et al., 2005; Heitkemper, Cain et al., 2012). The purpose of the first 

study (“SLP I”) was to examine objective sleep measures (polysomnography, 

actigraphy) and self-reported sleep and symptoms in women with IBS and HCs 

(Heitkemper, Jarrett et al., 2005). The purpose of the second study (“SLP II”) was to 

examine sleep, plasma adrenocorticotropic hormone and serum cortisol levels over the 

night in response to anticipation of a public speaking stressor in women with IBS and 

HCs (Heitkemper, Cain et al., 2012). Similar inclusion and exclusion criteria were used 

for both SLP I and II cohorts. In brief, eligibility criteria for women with IBS included: 

(1) a medical diagnosis of IBS and currently experiencing symptoms compatible with 

Rome-II (for SLP I) or Rome III (for SLP II) diagnostic criteria for IBS, (2) did not take 

specific medications for IBS on a regular basis, and (3) did not have a history of or 

current abdominal conditions other than IBS. HCs were eligible if they denied any 

history of GI disorders and any IBS symptoms meeting Rome II or III criteria. 

Exclusion criteria both for both IBS and HCs included: (1) any significant co-morbidity 

(i.e., cardiac dysrhythmia, sleep disorder [other than insomnia symptoms], pain 

disorder, and psychiatric disorders), (2) taking medications that could affect sleep (i.e., 

β-blockers, antihistamines, benzodiazepines, anti-depressants, and/or hypnotics), and 

(3) shift work or night shift only work.   
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Prior to data collection, eligible participants completed informed consent and were 

instructed on study procedures including how to complete the daily diary each evening 

for 28 consecutive days (over one menstrual cycle) at home. In addition, participants 

slept in an academic sleep laboratory setting for 3 consecutive nights. Given the purpose 

of this study, only women who completed at least 14 consecutive days (excluding sleep 

laboratory days) of the 28-day diary were included in data analyses. Less than 14 days 

was unlikely to present reliable estimates of chronotype and SJL. The final sample 

included 62 women with IBS and 58 HCs. Supplementary Table 1S provides a 

summary of sample characteristics and average sleep-wake patterns and sleep outcomes 

for each cohort (SLP I, II) and the cohorts combined.  

Measures 

Demographic and IBS measures  

Demographic variables included self-reported age, body mass index (BMI), race, 

marital status, education and occupation. IBS subtypes in the present data analyses were 

categorized by predominant bowel habit on the basis of Rome III diagnostic criteria 

(Thompson, Drossman et al., 2006).  

Sleep-wake patterns and sleep outcomes 

All participants were asked to report each day of the week (Sunday, Monday, etc.) and 

the sleep-wake patterns and sleep outcomes for the prior night. Sleep-wake pattern 

variables include: (1) bedtime, defined as the time when participants reported as “went 

to sleep last night”; (2) wake time, defined as the time when participants reported as 

“woke up this morning”; and (3) sleep duration, defined as the total amount time 

between bedtime and wake time. Sleep variable outcomes included: (1) sleep quality, 

defined as a rating on the 5 point scale of 0 (very poor), to 4 (very good) to the 

statement “Overall the quality of my sleep was”; (2) perceived sleep need met, defined 
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as a rating on a five point scale of 0 (very poor) to 4 (very good)  to the statement “For 

my needs, the number of hours I slept was”; and (3) restorative sleep, defined as a rating 

on a scale from  0 (not at all), 1 (minimally), 2 (mild), 3 (moderately) or 4 (extremely) 

to the statement “How rested did you feel when you woke up today?”. To examine 

sleep-wake patterns and sleep outcomes on weekdays and weekends, each time period 

was coded as a weekday (bedtimes starting from Sunday to Thursday nights) or a 

weekend (bedtimes starting from Friday to Saturday nights) (Monk, Buysse et al., 2000; 

Gander, 2016; Fischer, Lombardi et al., 2017). 

Chronotype and social jetlag  

Typically, chronotype is calculated as the time of Mid-Sleep point on Free days (MSF) 

without using an alarm clock. This marker of chronotype reflects the circadian phase of 

an individual because he/she is more likely to sleep and wake on the basis of the 

endogenous biological circadian timing due to less social constraints on free days 

(Wittmann, Dinich et al., 2006; Roenneberg, 2015; Roenneberg, Pilz et al., 2019). MSF 

is considered a reliable proxy for chronotype because it correlates well with dim light 

melatonin onset (DLMO), a marker of circadian phase (Kantermann, Sung et al., 2015). 

Given the lack of the information about participant’s work/school schedules and use of 

alarm devices, we assumed that all participants had a typical five-day work/school 

schedule (Monday-Friday). As such, chronotype was calculated for each participant as 

the average of Mid-sleep time for Weekends (Friday and/or Saturday nights) (MSWwe) 

(Fischer, Lombardi et al., 2017) and mid-sleep time was computed by the average 

midpoint between bedtimes and wake times. Thus, chronotype was viewed as a 

continuous variable in units of time.  SJL was calculated for each participant by 

subtracting the average of mid-sleep time on weekdays from that on weekends 

(Roenneberg, Pilz et al., 2019).  
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Statistical analysis 

Descriptive statistics were used for demographic and clinical characteristics, as well as 

daily diary data. Diary-measured sleep-wake patterns (bedtimes, wake times, sleep 

duration), sleep outcomes (sleep quality, sleep need met, restorative sleep) were 

averaged over weekdays and weekends, respectively, for IBS bowel pattern subtypes 

(IBS-C or IBS-D) and HCs. We used independent t test or χ2/Fisher’s exact tests to 

examine the differences between SLP I and SLP II cohorts in demographic and clinical 

characteristics. The significant differences in age, occupation (e.g., 

professional/managerial, homemaker) and IBS subtypes between study cohorts may 

indicate SLP I and SPL II were not comparable (Supplementary Table 1S). Age is a 

well-established factor influencing sleep outcomes as well as chronotype and SJL 

(Fischer, Lombardi et al., 2017; Roenneberg, Pilz et al., 2019). Therefore, age and study 

cohort (SLP II vs. SLP I) were included as covariates in the following data analyses. We 

used multiple linear regression analyses to compare weekday/weekend sleep-wake 

patterns and sleep outcomes (Aim 1) as well as chronotype (MSWwe) and SJL by groups 

(IBS-C, IBS-D, HCs) (Aim 2), statistically controlling for potential age and study 

cohort effects (SLP II vs. SLP I). 

Multiple linear regression analyses were also used to assess the relationship of 

chronotype with each weekday sleep outcome (sleep quality, sleep need met and 

restorative sleep) in women with IBS compared to HCs (Block 1 tests only included the 

main effects of chronotype and IBS subgroups, q.v. Table 3) (Aim 3). Further, we 

assessed the chronotype-by-group interaction terms (MSWwe×IBS-C, MSWwe×IBS-D) 

to determine whether the relationship of chronotype with weekday sleep outcomes 

would differ by IBS subtypes compared to HCs (Block 2 tests adding chronotype-by-

group interaction terms to the main effects, q.v. Table 3) (Aim 4). Similar multiple 

linear regression analyses and SJL-by-group interaction terms (SJL×IBS-C, SJL×IBS-
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D) were used to examine the relationship of SJL with each of three weekday sleep 

outcomes. For Aim 3 and Aim 4, chronotypes (MSWwe), SJL and age were z-scored in 

all regression models to facilitate the interpretation of the comparison of the β 

coefficients in IBS subtypes compared to HCs. We made the scatter plots of each 

weekday sleep outcome vs. chronotype (MSWwe) stratified by group to visualize the 

relationships of chronotype with each weekday sleep outcome in IBS-C, IBS-D and HC 

groups.  

The validity of the assumptions of multiple linear regression were studied by using 

scatter plots of the jackknife residuals vs. the fitted values to assess the linearity and 

equal variance assumptions, and identifying outliers or influential points. QQ-plots of 

the residuals were used to assess normality. Assessment of research design was used to 

examine the independence assumption. All statistical analyses were conducted in the 

statistical software package RStudio, version 3.6.1 (RStudio Team, 2019). All p-values 

were two-tailed and less than 0.05 were considered statistically significant.  

Results 

Participant demographics 

Table 1 presents the demographic characteristics of the study sample. The mean age of 

the sample was 30.1 ± 7.2 years. Of the participants, 24.2 % (n = 29) met Rome III 

criteria for IBS-C and 27.5 % (n = 33) met Rome III criteria for IBS-D. Most 

participants were racially self-identified as white (75.8%), unmarried/unpartnered 

(71.7%), equal or greater than college-educated (67.2%), and 12.5% were unemployed.   

Sleep-wake patterns and sleep outcomes  

Table 2 shows the averages of weekday/weekend sleep-wake pattern variables and sleep 

outcome variables by IBS-C, IBS-D and HC groups with and without adjustment for 

age and cohort effects.  
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Sleep-wake patterns 

Average bedtimes and wake times were later on weekends than weekdays in two bowel 

pattern IBS groups and HCs. On weekdays, the participants with IBS-C had, on 

average, an estimated 33 min earlier bedtime (β = -0.55, p = 0.022) and 32.4 min earlier 

wakeup time (β = -0.54, p = 0.035) than HCs, and the estimated weekday sleep duration 

was not significantly different between IBS-C and HC groups (β = 0.14, p = 0.939). The 

estimated weekday sleep-wake patterns did not differ between IBS-D and HCs, nor 

between IBS-C and IBS-D groups (all p values > 0.05). On weekends, no significant 

differences in the estimated variables of sleep-wake patterns were observed between 

any of the groups (all p values > 0.05).   

Sleep outcomes 

On weekdays, participants with IBS-C and IBS-D reported lower sleep quality (IBS-C 

vs. HCs: β = -0.28, p = 0.020; IBS-D vs. HCs: β = -0.52,  p < 0.001), less sleep duration 

than needed (IBS-C vs. HCs: β = -0.29, p = 0.033; IBS-D vs. HCs: β = -0.42,  p < 

0.001), and less restorative sleep (IBS-C vs. HCs: β = -0.31, p = 0.020; IBS-D vs. HCs: 

β = -0.48,  p < 0.001) compared to HCs. On weekends, participants with IBS-D reported 

worse ratings of sleep quality, sleep need met, and restorative sleep compared to HCs 

(all p values <0.001), whereas no group difference in weekend sleep outcomes was 

observed between IBS-C and HC groups (all p values > 0.05). Participants with IBS-D 

reported lower weekday sleep quality than those with IBS-C (IBS-D vs. IBS-C: β = -

0.25, p = 0.029).  

Chronotype and SJL in IBS bowel pattern subtypes and healthy women 

Chronotype, estimated as mean MSWwe, was 4:12 a.m. (± 1:03 h:min) for the IBS-C 

group, 4:13 a.m. (± 1:05 h:min) for the IBS-D group and 4:36 a.m. (± 1:02 h:min) for 

HCs. The estimates of MSWwe were not significantly different from each other (IBS-C 
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vs. HCs: p = 0.144; IBS-D vs. HCs: p = 0.423). Averages of SJL in all three groups 

were less than 1 hr, and did not differ between any of the groups (IBS-C vs. HCs: p = 

0.297; IBS-D vs. HCs: p = 0.637) (See Table 2).   

Relationship of chronotype with sleep outcomes in IBS bowel pattern subtypes and 
healthy women  

Table 3 summarizes the relationship between chronotype and weekday sleep outcomes 

in IBS subtypes compared to HCs. Multiple regression models of Block 1, which only 

included the main effect of MSWwe after adjusting for IBS subtype, age and cohort 

effects, showed chronotype was only a significant predictor of sleep quality (β = -0.1, p 

= 0.018) but not sleep need met (β = -0.06, p = 0.234) or restorative sleep (β = -0.06, p 

= 0.329).  

When chronotype-by-group interaction terms (MSWwe×IBS-C, MSWwe×IBS-D) 

were added in regression analyses, the regression models of Block 2 showed that 

chronotype was significantly associated with weekday sleep quality (β = -0.19, p = 

0.003), sleep need met (β = -0.17, p = 0.037), but not with weekday restorative sleep (β 

= -0.15, p = 0.073) in HCs. The interaction effects between MSWwe and IBS-C were not 

significant for sleep outcomes (all p values > 0.05), indicating the relationships of 

chronotype and these sleep outcomes in IBS-C group were not significantly different 

from these relationships in HCs. However, the interaction effects between MSWwe and 

IBS-D were significant for weekday sleep quality (β = 0.23, p = 0.001), sleep need met 

(β = 0.23, p = 0.023) and restorative sleep (β = 0.25, p = 0.017), indicating that the 

relationships of chronotype with these weekday sleep outcomes in IBS-D were 

significantly different from HCs.  

As shown in Figures 1(A-C), the relationships of chronotype (MSWwe) with each of 

the weekday sleep outcomes were different in IBS-D as compared to HCs, but similar 

between IBS-C and HC groups. IBS-D participants with later chronotypes reported 
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better weekday sleep quality, more sufficient sleep need met and restorative sleep than 

IBS-D participants with early chronotypes, whereas the opposite relationship was 

observed in the IBS-C and HC groups.  

Relationships of SJL with sleep outcomes in IBS bowel pattern subtypes and healthy 
women 

Table 4 summarizes the relationships of SJL with weekday sleep outcomes in IBS 

subtypes compared to HCs. All linear regression models showed the main effect of SJL 

and SJL-by-group interaction terms were not significant for weekday sleep outcomes 

(all p values > 0.05). 

Discussion 

To the best of our knowledge, this study is the first to examine the potential 

relationships of chronotype (quantitatively assessed by average mid-sleep time on 

weekends) and SJL with weekday sleep outcomes (sleep quality, sleep need met and 

restorative sleep) in a sample of women with IBS-C and IBS-D in comparison to 

healthy (control) women using daily diary data. Our findings provide preliminary 

evidence that when IBS bowel pattern predominance subgroups are considered, 

chronotype is associated with weekday reports of sleep quality and sleep need met in 

both women with and without IBS, whereas SJL is not. Further, the relationship of 

chronotype with weekday sleep outcomes in women with IBS-C is similar to healthy 

women, but different from that of the IBS-D group.  

Sleep-wake patterns 

Our sample of women with IBS-C showed a trend of an earlier average 

weekday/weekend bedtime and wake time as compared to those with IBS-D and HCs. 

This finding is in contrast to the study by Okami, Kato et al. (2011) who found that 

Japanese female nursing and medical students with IBS-C had later bedtimes and wake 

times than those with IBS-D. The inconsistency in findings may be due to 
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sociodemographic (i.e., age) and/or the way sleep measures were obtained. Okami, Kato 

et al. (2011) used a single-time questionnaire to retrospectively assess sleep-wake 

patterns, as opposed to estimates based on daily diary data of bedtime and wake time. 

Self-reported diary data of sleep outcomes has been prefered to questionaire reports as it 

is less likely to be infludenced by multiple symptoms (i.e., insomnia, depressive mood, 

hostility) and the correlation with objective sleep measures (i.e., polysomnography, 

actigraphy) is stronger (Matthews, Patel et al., 2018; Mallinson, Kamenetsky et al., 

2019).  

Chronotype  

The average MSWwe for each IBS subtypes and HCs in our sample was later compared 

to Fischer, Lombardi et al. (2017) who reported an average MSWwe of 3:54 a.m. among 

a general sample of US women at age 30 years. The later MSWwe in our sample could 

be attributed to latitude effects on chronotype as our participants were recruited from 

Northwest US residents. This conjecture is supported by Randler and Rahafar (2017) 

systematic review of a total of 87 datasets found that late chronotype predominance is 

associated with higher latitude. There is also evidence indicating the impact of 

seasonality on chronotype (Shawa, Rae et al., 2018). However, the later MSWwe in our 

sample is unlikely due to differences in calendar month photoperiod exposure since data 

collection was approximately equal for autumn/winter (IBS: 48.4 %; HCs: 48.3 %) as 

compared to spring/summer (IBS: 51.6 %; HCs: 48.3 %). Whether the later chronotype 

predominance in our Northwest US sample is due environmental and/or geographic 

factors is unknown in this secondary data analysis. For example, evening exposure to 

artificial light (e.g., use of electronic devices prior to bedtime) can inhibit melatonin 

secretion, a signal that marks the start of the biological night, and can delay the 

circadian clock, leading to an a later sleep and wake timing (Cajochen, Frey et al., 2011; 

Nesbitt & Dijk, 2014; Koo, Song et al., 2016).  
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Relationships of chronotypes with weekday sleep outcomes 

Previous studies in general populations and among employees with consistent daytime 

work schedules report that those with early chronotypes experience better sleep quality, 

more sufficient sleep met and more restorative sleep on weekdays compared to later 

chronotypes (Ong, Huang et al., 2007; Soehner, Kennedy et al., 2011; Merikanto, 

Kronholm et al., 2012; Yun, Ahn et al., 2015; Tutek, Molzof et al., 2017; Chrobak, 

Nowakowski et al., 2018). This is in line with our findings in HC and IBS-C groups. 

However, an inverse relationship was found in the IBS-D group, in which later 

chronotypes experienced better weekday sleep outcomes. It may be that specific 

symptoms associated in the IBS-D (e.g., more frequent toileting in the evening) 

contributed to the unique sleep-wake behavioral patterns in IBS-D. Our findings 

highlight the importance of future studies integrating ecological momentary assessment 

to examine the 24-h temporal pattern of symptoms in IBS patients, specifically in 

women with IBS-D.  

Social jetlag 

SJL in our sample of women with IBS and HCs was less than 1 hr. This is considerably 

less than that reported in European and Japanese populations that included men and 

women (Roenneberg, Allebrandt et al., 2012; Islam, Hu et al., 2019). A lower average 

value of SJL in our sample could be attributed to women only sample. When compared 

to men, women are typically earlier chronotypes (Fischer, Lombardi et al., 2017) and 

SJL is usually lower in early chronotypes (Roenneberg, Pilz et al., 2019). Our 

operationalization of SJL which assumed all the women followed a consistent 

work/school schedule may account for the low SJL value in this secondary data 

analyses. Future research is warranted to collect workday and free day sleep-wake 

timing to confirm our SJL results in women with IBS-C and IBS-D as well as healthy 

women. 



 
 

92 
 

Relationships of social jetlag with weekday sleep outcomes 

Our current study failed to find any significant relationship of SJL with weekday sleep 

outcomes. Prior studies showed that individuals with SJL > 1-2 hrs are at a higher risk 

of adverse health outcomes including sleep deficiency (Rutters, Lemmens et al., 2014; 

Beauvalet, Quiles et al., 2017). Given SJL < 1 hr was more common in both women 

with and without IBS, this limited SJL range may have accounted for the absence of an 

association between SJL and weekday sleep outcomes. Studies with a sample with a 

broader SJL distribution may reveal a relationship between SJL and sleep outcomes in 

IBS.  

Strengths and limitations  

The strengths of this study include a comparison sample of healthy control women and 

the use of daily diaries for as long as 28-days to measure sleep-wake patterns across 

weekdays and weekends. In this secondary data analyses, we separated weekday and 

weekend wake and bed times to examine chronotype and SJL as factors influencing 

weekday sleep outcomes. This approach provides insights into the question of whether 

weekend sleep-wake patterns (reflecting chronotype predominance) influence sleep 

outcomes during weekdays. However, a limitation is the lack of information about 

workdays vs. free days and the use of alarm devices. We used an average mid-sleep 

time on weekends to determine chronotype and this may not have corresponded to “free 

days.” This alternative of chronotype would have contributed to an overestimated 

relationship of chronotype with sleep outcomes if we had included weekend sleep 

outcomes in data analysis. To prevent from this potential overestimation, we only used 

self-reports of weekday sleep evaluation as outcomes and average mid-sleep time on 

weekends as a predictor in order to avoid measuring a predictor and outcomes at the 

same time. Our mid sleep phase marker is drawn under the influence of daily 

environmental cycles (i.e., light/dark, fasting/feeding, temperature and social timing) 
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(Duffy & Dijk, 2002), and it does not allow to extract the pure endogenous circadian 

phase. Future studies are suggested to use a constant routine protocol and physiological 

measures such as DLMO to unmask circadian phase (Klerman et al., 2002), and assess 

if it differs between IBS subtypes and HCs. Even though daily diary data of sleep-wake 

timing is less invasive and more amenable for studies over an extended time period, the 

estimate of chronotype and SJL have not yet been validated against other reliable 

circadian markers in individuals with IBS.  

Conclusion  

In conclusion, our findings show that women with IBS-D experience more disrupted 

sleep across weekdays and weekends compared to healthy control women. The findings 

also indicate that chronotype may be an important contributor to weekday sleep 

outcomes for all women with and without IBS, whereas SJL is not. The direction of the 

association between chronotype and weekday sleep outcomes is influenced by IBS 

bowel pattern predominance subgroups. Disrupted sleep and inappropriate sleep 

practices are treatable through addressing sleep behavioral strategies and/or potential 

chronotherapy. Future research needs to validate our preliminary evidence about 

chronotype and SJL as well as their relationships, potentially incorporating 

physiological biomarkers and other measures of behavioral and environmental cues for 

circadian pattern on a constant routine protocol.  
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Table 1. Demographic characteristics in women with IBS and healthy women 

Variables  HC  
(n =58) 

IBS-C 
(n=29) 

IBS-D 
(n =33) 

Total 
sample 

(n =120) 
Age, years, mean (SD) 30.7 (7.3) 30.9 (6.9) 28.4 (7.4) 30.1 (7.2) 
BMI, kg/m2, mean (SD) 24.4 (4.9) 22.6 (2.7) 25.0 (4.6) 24.1 (4.4)  
Race, white, n (%) 46 (79.3) 21 (72.4) 24 (72.7) 91 (75.8) 
Married/partnered, n (%) 16 (27.6) 10 (34.5) 8 (24.2) 34 (28.3) 
Education, college or greater, n (%) 41 (70.7) 18 (62.1)  21 (63.6) 80 (67.2) 
Occupation     

Professional, managerial, n (%) 15 (25.9) 10 (34.5) 10 (30.3) 35 (29.2) 
Technical, service, sales, n (%) 20 (34.5) 5 (17.2) 10 (30.3) 35 (29.2) 
Student, n (%) 2 (3.5) 0 (0.00) 1 (3.0) 3 (2.5) 
Homemaker, n (%) 12 (20.7) 7 (24.1) 7 (21.2) 26 (21.7) 
Others, n (%) 2 (3.5) 3 (10.3) 1 (3.0) 6 (5.0) 
Unemployed, n (%) 7 (12.1) 4 (13.8) 4 (12.1) 15 (12.5) 

Study seasons‡     
      Spring (Mar-May), n (%) 13 (22.4) 11 (37.9) 4 (12.1) 28 (23.3) 
      Summer (Jun-Aug), n (%) 15 (25.9) 8 (27.6) 9 (27.3) 32 (26.7) 
      Autumn (Sep-Nov), n (%) 17 (29.3)  4 (13.8) 11 (33.3) 32 (26.7)  
      Winter (Dec-Feb), n (%) 13 (22.4) 6 (20.7) 9 (27.3) 28 (23.3) 
Note. BMI= body mass index, HC= healthy controls, IBS= irritable bowel syndrome, IBS-
C= IBS constipation, IBS-D= IBS diarrhea. 
‡ participant’s study season was based on the majority of diary days studied in seasons. 
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Table 2. Comparisons of weekday/weekend sleep-wake patterns and sleep outcomes, chronotype and social jetlag by IBS subtypes and 
healthy women  

Measures 
HC    IBS-C   IBS-D   

IBS-C vs. HC† 
  

IBS-D vs. HC† 
  

n = 58 
 

n = 29 
 

n = 33    IBS-D vs. IBS-C† 

M SD   M SD   M SD   β         SE p  β       SE p  β       SE p 
Sleep-wake patterns                     

Weekday                     

Bedtime 0:02 1:05  23:27 1:02  0:06 1:17  -0.55 0.24 0.022  -0.08 0.25 0.743  0.48 0.27 0.084 

Wake time 7:43 1:14  7:05 1:02  7:41 1:26  -0.54 0.25 0.035  -0.16 0.28 0.553  0.36 0.28 0.194 

Sleep duration (hr) 7.68 0.74  7.63 0.76  7.59 0.82  0.14 0.18 0.939  -0.08 0.18 0.660  -0.11 0.21 0.602 

Weekends                     

Bedtime 0:34 1:04  0:06 1:11  0:33 1:16  -0.44 0.25 0.097  -0.16 0.24 0.511  0.28 0.28 0.322 

Wake time 8:39 1:10  8:19 1:09  8:34 1:15  -0.28 0.27 0.314  -0.21 0.27 0.314  0.08 0.28 0.776 

     Sleep duration (hr) 8.08 0.90  8.23 1.00  8.02 0.72  0.19 0.23 0.485  -0.05 0.19 0.800  -0.26 0.25 0.368 

Sleep outcomes                      

Weekday                     

Sleep quality 3.01 0.49  2.68 0.52  2.47 0.33  -0.28 0.12 0.020  -0.52 0.08 <0.001  -0.25 0.11 0.029 

Sleep need met 2.84 0.58  2.52 0.59  2.43 0.50  -0.29 0.13 0.033  -0.42 0.13 <0.001  -1.67 0.15 0.278 

Restorative sleep 2.70 0.53  2.31 0.69  2.21 0.51  -0.31 0.15 0.020  -0.48 0.11 <0.001  -0.16 0.16 0.341 

Weekend                     

Sleep quality 3.04 0.57  2.83 0.55  2.61 0.40  -0.17 0.14 0.231  -0.41 0.10 <0.001  -0.26 0.13 0.056 

Sleep need met 2.91 0.64  2.78 0.67  2.58 0.58  -0.13 0.16 0.409  -0.35 0.13 0.007  -0.26 0.17 0.129 

Restorative sleep 2.82 0.59  2.51 0.76  2.38 0.53  -0.27 0.16 0.111  -0.40 0.12 <0.001  -0.16 0.17 0.361 

Predictors                      

MSWwe  4:36 1:02  4:12 1:03  4:13 1:05  -0.36 0.24 0.144  -0.18 0.23 0.423  0.18 0.29 0.484 

Social jetlag (hr) 0.73 0.73  0.94 0.73  0.65 0.83  0.19 0.18 0.297  -0.08 0.17 0.637  -0.26 0.20 0.189 
Note. IBS= irritable bowel syndrome, HC= healthy controls, IBS-C= IBS constipation, IBS-D= IBS diarrhea, MSFwe=time of mid-sleep on weekends, 
Bedtimes, wake times and MSWwe were presented as local time, h:mm. Boldface indicates statistical significance (p < 0.05).†Adjusted for age (Z-scored) and 
cohort effects.  
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Table 3. Multiple linear regression with chronotype predictor for weekday sleep outcomes  

  Sleep Quality   Sleep Need Met   Restorative Sleep 

 Block 1   Block 2  Block 1  Block 2  Block 1   Block 2 

β SE † p   β SE † p   β SE † p   β SE † p   β SE † p   β SE † p 

Coefficients                        
Intercept 3.11 0.07 ***  3.11 0.07 ***  2.89 0.10 ***  2.89 .096 ***  2.77 0.09 ***  2.77 .086 *** 
Age  -0.12 0.06 *  -0.12 0.06 *  -0.12 0.07 .081  -0.12 .072 .092  -0.07 0.07 .365  -0.07 .075 .421 
Cohort (SLP II)‡ -0.19 0.09 *  -0.16 0.09 .082  -0.08 0.12 .479  -0.06 .114 .603  -0.13 0.12 .269  -0.10 .114 .359 
IBS-C¶ -0.31 0.12 **  -0.34 0.12 **  -0.31 0.14 *  -0.34 .143 *  -0.37 0.15 *  -0.40 .157 * 
IBS-D¶ -0.54 0.09 ***  -0.57 0.08 ***  -0.43 0.12 ***  -0.46 .119 ***  -0.49 0.11 ***  -0.52 .110 *** 
MSWwe (Z) -0.10 0.04 *  -0.19 0.06 **  -0.06 0.05 .234  -0.17 .080 *  -0.06 0.06 .329  -0.15 .075 .073 
MSWwe× IBS-C     0.04 0.09 .663      0.07 .120 .563      0.03 .136 .831 
MSWwe× IBS-D      0.23 0.07 **      0.26 .112 *      0.25 .103 * 

Note. N=120 (HCs= 58, IBS-C= 29, IBS-D= 33). Block 1 F-change test df = 5, 114; Block 2 df = 7, 112. IBS= irritable bowel syndrome, IBS-C= IBS constipation, 
IBS-D= IBS diarrhea, MSWwe= time of mid-sleep on weekends and presented as local time, h:mm. Age and MSWwe predictors standardized into z-scores.† SE, robust 
SE. ‡ Cohort is coded (SLP I=0, SLP II=1).¶ HC is a reference for group comparisons with IBS subtypes. 

* p < 0.05, ** p < 0.01, *** p < 0.001. 
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Table 4. Multiple linear regression with social jetlag predictor for weekday sleep outcomes  

  Sleep Quality   Sleep Need Met   Restorative Sleep 

 Block 1   Block 2  Block 1  Block 2  Block 1   Block 2 

β SE † p   β SE † p   β SE † p   β SE † p   β SE † p   β SE † p 

Coefficients                        
Intercept 3.09 0.07 ***  3.09 0.07 ***  2.87 .095 ***  2.87 .097 ***  2.76 .084 ***  2.75 .085 *** 
Age  -0.07 0.05 .154  -0.07 0.05 .158  -0.09 .066 .172  -0.09 .067 .171  -0.04 .066 .564  -0.04 .114 .291 
Cohort (SLP II)‡ -0.18 0.09 .053  -0.18 0.09 .052  -0.07 .113 .512  -0.08 .115 .505  -0.12 .112 .281  -0.12 .114 .291 
IBS-C¶ -0.27 0.12 *  -0.27 0.12 *  -0.28 .140 *  -0.29 .143 *  -0.34 .153 *  -0.35 .159 * 
IBS-D¶ -0.53 0.08 ***  -0.53 0.08 ***  -0.42 .117 ***  -0.43 .118 ***  -0.48 .112 ***  -0.48 .115 *** 
SJL  -0.03 0.04 .488  -0.001 0.08 .942  -0.05 .058 .376  -0.06 .096 .524  -0.04 .053 .495  -0.06 .084 .478 
SJL× IBS-C     -0.04 0.12 .731      0.05 .141 .748      0.05 .150 .756 
SJL× IBS-D     -0.05 0.09 .619      <.001 .140 .992      0.04 .116 .727 

Note. N=120 (HCs= 58, IBS-C= 29, IBS-D= 33). Block 1 F-change test df = 5, 114; Block 2 df = 7, 112. HC= healthy controls, IBS= irritable bowel syndrome, IBS-
C= IBS constipation, IBS-D= IBS diarrhea, SJL= social jetlag. Age and SJL predictors standardized into z-scores.† SE, robust SE. ‡ Cohort is coded (SLP I=0, SLP 
II=1).¶ HC is a reference for group comparisons with IBS subtypes. 

* p < 0.05, ** p < 0.01, *** p < 0.001. 
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Figure 1. Relationships of chronotype (time of mid sleep on weekends, MSWwe) with weekday 

sleep outcomes in women with IBS-C and IBS-D in comparison to HC women. Scatter plots 

display chronotype (as time-of-day in hours, presented as local time) and against (A) sleep 

quality, (B) sleep need met, (C) restorative sleep on weekdays by groups (IBS-C, IBS-D, HCs). 

IBS= irritable bowel syndrome, IBS-C= IBS constipation, IBS-D= IBS diarrhea, HC=healthy 

controls. 
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Appendix  

Supplementary Table 1S. Descriptive Characteristics between SLP I and SLP II Studies 

Variables  SLP I 
(n =53) 

SLP II 
(n =67) 

Total sample 
(n =120) 

p† 

Age, years, mean (SD) 32.4 (7.6)         28.3 (6.5) 30.1 (7.2) .002 
BMI, kg/m2, mean (SD) 24.7 (5.3) 23.7 (3.6) 24.1 (4.4)  .193 
Race, white, n (%) 37 (69.8) 54 (80.6) 91 (75.8) .201 
Married/partnered, n (%) 15 (28.3) 19 (28.4) 34 (28.3) 1.000 
Education, college or greater, n (%) 31 (58.5) 49 (74.2) 80 (67.2) .079 
Occupation    <0.001 

Professional, managerial, n (%) 14 (26.4) 21 (31.3) 35 (29.2)  
Technical, service, sales, n (%) 27 (50.9) 8 (11.9) 35 (29.2)  
Student, n (%) 3 (5.7) 0 (0) 3 (2.5)  
Homemaker, n (%) 0 (0.0) 26 (38.8) 26 (21.7)  
Others, n (%) 0 (0.0) 6 (9.0) 6 (5.0)  
Unemployed, n (%) 9 (17.0) 6 (9.0) 15 (12.5)  

Study seasons‡    0.247 
Spring (Mar-May), n (%) 13 (24.5) 15 (23.9) 28 (22.4)  
Summer (Jun-Aug), n (%) 10 (18.9) 22 (38.8) 32 (32.8)  
Autumn (Sep-Nov), n (%) 14 (26.4) 18 (26.9) 32 (26.9)  
Winter (Dec-Feb), n (%) 16 (30.2)  12 (17.9) 28 (17.9)  

Bowel pattern predominance    <0.01 
Healthy controls, n (%) 34 (64.2) 24 (35.8) 58 (48.3)  
IBS-C, n (%) 8 (15.1) 21 (31.3) 29 (24.2)  
IBS-D, n (%) 11 (20.8) 22 (32.8) 33 (27.5)  

Note. IBS= irritable bowel syndrome, IBS-C= IBS constipation, IBS-D= IBS diarrhea, MSWwe= 
time of mid-sleep on weekends, SJL= social jetlag. Bedtimes, wake times and MSWwe were 
presented as local time, h:mm. Boldface indicates statistical significance (p < 0.05). 
†p values for testing differences of descriptive characteristics between SLP I and SLP II studies, 
calculated by independent t test for continuous variables and χ2/Fisher’s exact tests for 
categorical variables. 
‡ participant’s study season was based on the majority of diary days studied in seasons.  
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CHAPTER 5: CONCLUSION 

  



   
 

108 
 

The overall purpose of this dissertation was to examine the relationships among sleep, circadian 

rhythms, social timing and symptoms in adults living with a health condition, specifically adults 

with acute respiratory failure (ARF) and irritable bowel syndrome (IBS). The dissertation 

included three independent manuscripts. The first manuscript aimed to examine sleep and rest-

activity circadian rhythms in ARF survivors after discharge. The second manuscript used 

structural equation modeling (SEM) to examine the potential indirect effects of sleep on 

abdominal pain simultaneously through psychological distress and daytime dysfunction in 332 

adults with IBS. The third manuscript explored the relationships of chronotype and social jetlag 

(SJL) with sleep outcomes during weekdays in women with IBS in a comparison with healthy 

control (HC) women.  

Summary of manuscript one 

The first manuscript provides preliminary data regarding sleep and rest-activity circadian 

rhythms after discharge among ARF survivors. At three months post discharge, our cohort of 

ARF survivors exhibited subclinical and clinical insomnia symptoms, supported by findings 

from actigraphy (sleep fragmentation) and sleep diaries (reduced sleep time and quality). 

Survivors’ rest-activity circadian rhythms displayed less stability and lower amplitude compared 

to that of a published community-dwelling population. To the best of our knowledge, this is the 

first study to identify persistent circadian rhythm disruption in ARF survivors after hospital 

discharge.  

Our cohort of ARF survivors reported moderately impaired sleep time and sleep efficiency 

on their sleep diaries, but these findings were less notable in the actigraphy data. Subjective sleep 

disturbance was pronounced, similar to prior questionnaire studies in ICU survivors (1). 

However, standard actigraphy measures of sleep (total sleep time and sleep efficiency) were 
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fairly normal on a basis of the National Sleep Foundation recommendations. There are several 

possible reasons for these findings. First, sleep diary may align better with subjective sleep 

impairment than standard actigraphy measures, and sleep diary tends to underestimate sleep time 

and efficiency compared to actigraphy (2-4). Second, identifying circadian abnormalities 

requires specialized analyses that take into account the timing of the sleep period, which is not 

reflected in standard actigraphy parameters. Untreated circadian disruption may contribute to 

insomnia (5), and effective treatment must take account both sleep and circadian components. 

While limited in size and scope, this pilot study provides an intriguing potential insight into a 

circadian contribution to the subjective sleep complaints commonly described among survivors 

of critical illness (6-8). 

Our cohort exhibited multiple circadian abnormalities in several respects compared to the 

community-dwelling US adult sample with similar age and BMI distribution. Left untreated, 

rest-activity circadian disruption may exacerbate cognitive and psychological comorbidities in 

ARF survivors. ARF survivors often experience persistent impairments in physical activity and 

social functioning (9-11), both of which have been found to be associated with low activity and 

weak circadian strength (12, 13). In populations other than ICU survivors, cognitive impairment 

has been associated with disrupted rest-activity circadian rhythms (i.e., less stability, more 

fragmentation or lower rest-activity amplitude) (13-17). Future studies are needed to identify if 

rest-activity circadian disruption may be a contributor to long-term cognitive deficits among 

ARF survivors. 

Summary of manuscript two 

Manuscript two focused on examining a hypothesized model to test the potential indirect effects 

of sleep (poor sleep quality and unrefreshed sleep) on pain simultaneously through psychological 
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distress and daytime dysfunction (fatigue, sleepiness, and hard to concentrate) among adults with 

IBS by using SEM approach. SEM allows for the inclusion of multiple indicators to measure the 

multifaceted symptom constructs of sleep deficiency, psychological distress, daytime 

dysfunction and abdominal discomfort/pain(18-20), and further to reduce measurement error of 

these four multifaceted symptoms of interest(21). Also, SEM is able to include analyses of 

multiple relationships simultaneously (i.e., direct and indirect effects) to build a more 

sophisticated statistical model (21, 22). 

SEM analyses found a strong indirect effect of poor sleep on abdominal pain via daytime 

dysfunction, but not psychological distress. More than 95% of the total effect of nighttime sleep 

complaints on abdominal pain is indirect. The directional relationships among sleep, abdominal 

pain, psychological distress and daytime dysfunction symptoms in the hypothesized SEM model 

were supported by our prior sleep studies of women only with IBS,(23, 24); the current study 

utilized a cross-sectional SEM approach and thus temporal sequences among these latent 

variables in IBS cannot be established due to the current sample size limitations. There might be 

alternative models fitting the data equally well. For example, another alternative SEM model 

with the direct and indirect effect of sleep on daytime dysfunction through psychological distress 

and abdominal discomfort/pain symptoms could be considered. The directionality of these 

relationships of symptom clusters in IBS needs confirmation by experimental research or a cross-

lagged panel analysis in a prospective study design with a large sample size. Despite this 

limitation of temporal sequencing, this study made a significant contribution to a better 

understanding of how sleep deficiency, abdominal discomfort/pain, daytime dysfunction and 

psychological distress interact to optimize symptom management in IBS populations.  
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Summary of manuscript three 

Manuscript three centered on exploring the relationships of chronotype (quantitatively assessed 

by average mid-sleep time on weekends) and social jetlag (SJL) with weekday sleep outcomes 

(sleep quality, sleep need met and restorative sleep) in a sample of women with IBS predominant 

constipation (IBS-C, n=29) and IBS with predominant diarrhea (IBS-D, n=33) in comparison to 

healthy control (HCs, n=58) women using daily diary data. The results showed that in HCs, later 

chronotype was predictive of lower sleep quality (β = -0.19, p < 0.01), a perception of sleep need 

not met (β = -0.17, p < 0.001) and a less restorative sleep during weekdays (β = -0.15, p = 

0.073), whereas SJL was not associated with sleep outcomes. Similar to HCs, earlier chronotypes 

in women with IBS-C reported better sleep quality and more sufficient sleep need met and 

restorative sleep during weekdays than later chronotypes (all p > 0.05). Compared to HCs, the 

relationships of chronotype with weekday sleep outcomes in the women with IBS-D were in the 

opposite directions (all p < 0.05).  

Previous studies in general populations and among employees with consistent daytime work 

schedules report that those with early chronotypes experience better sleep quality, more 

sufficient sleep met and more restorative sleep on weekdays compared to later chronotypes (25-

30). This is in line with our findings in HC and IBS-C groups. However, an inverse relationship 

was found in the IBS-D group, in which later chronotypes experienced better weekday sleep 

outcomes. It may be that specific symptoms associated in the IBS-D (e.g., more frequent 

toileting in the evening) contributed to the unique sleep-wake behavioral patterns in IBS-D. The 

findings included in this manuscript highlight the importance of future studies integrating 

ecological momentary assessment to examine the 24-h temporal pattern of symptoms in IBS 

patients, specifically in women with IBS-D.  
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Our current study failed to find any significant relationship of SJL with weekday sleep 

outcomes. Prior studies showed that individuals with SJL > 1-2 hrs are at a higher risk of adverse 

health outcomes including sleep deficiency (31, 32). Given SJL < 1 hr was more common in both 

women with and without IBS, this limited SJL range may have accounted for the absence of an 

association between SJL and weekday sleep outcomes. This limited SJL range in our sample 

could be attributed to our women only sample. When compared to men, women are typically 

earlier chronotypes (33) and SJL is usually lower in early chronotypes (34). Our 

operationalization of SJL which assumed all the women followed a consistent work/school 

schedule may account for the low SJL value in this secondary data analyses. Future research is 

warranted to collect workday and free day sleep-wake timing to confirm our SJL results in 

women with IBS-C and IBS-D as well as healthy women. 

Implications  

These three manuscripts in this dissertation have made a significant contribution to a better 

understanding of the relationships among sleep, circadian rhythms, social timing (weekdays vs. 

weekends) and symptoms in adults living with a healthy condition specifically among ARF 

survivors and adults with IBS.   

The findings from the manuscript one show that sleep and circadian disruption is common in 

ARF survivors even in 3 months after hospital discharge. Sleep and circadian disruption are 

potentially treatable through chronotherapy (e.g., light, melatonin) as well as behavioral 

strategies (e.g., set a regular daily routine). Sleep improvement and circadian rhythm regularity 

may be a promising approach to improve quality of life and daytime function in ARDS 

survivors. Future research is warranted in larger samples to validate these findings, their 
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association with quality of life, and to target specific chronotypes with effective circadian 

interventions. 

The findings from the manuscript two have important implications for understanding and 

managing IBS symptoms. As nighttime sleep complaints directly predicted both daytime 

dysfunction and psychological distress, treating nighttime sleep complaints may alleviate both of 

these symptom clusters. However, an intervention only targeting sleep without taking account of 

daytime function (fatigue, tiredness, cognitive dysfunction) might be less effective for treating 

abdominal discomfort/pain. Our results suggest that daytime dysfunction is a critical target for 

IBS symptom management. Among adults with IBS, adequate daytime functioning essentially 

could reduce or remove poor sleep during the night as a risk factor for abdominal 

discomfort/pain symptoms even after adjusting for psychological distress. If adults with IBS 

experience poor sleep quality and/or psychological distress but they can maintain appropriate 

daytime functioning, the impact of poor sleep on abdominal discomfort/pain can be minimized. 

These results provide a potential avenue to optimize personalized and hybrid intervention 

through addressing daytime functioning and sleep behaviors for IBS populations. Additional 

work is warranted to address the issue of the causality and directionality as well as to understand 

a shared mechanism among these symptom constructs. 

The findings from the manuscript three suggest that chronotype may be an important 

contributor to sleep outcomes in women with IBS-C and IBS-D, particularly sleep quality and 

sleep need met, whereas SJL is not. The direction of the association between chronotype and 

weekday sleep outcomes is influenced by IBS bowel pattern predominance subgroups. Disrupted 

sleep and inappropriate sleep practices are treatable through addressing sleep behavioral 

strategies and/or potential chronotherapy. Targeting lifestyle risk factors of sleep deficiency may 
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be the most amenable to behavioral changes with subsequent improvements in symptoms and 

quality of life for individuals with IBS. Future research needs to validate our preliminary 

evidence about chronotype and SJL as well as their relationships, potentially incorporating 

physiological biomarkers and other measures of behavioral and environmental cues for circadian 

pattern on a constant routine protocol.  

Nurse scientists are well-positioned to explore the relationships among sleep, circadian 

rhythms, social timing and symptoms among adults living a health condition. A better 

understanding of sleep and circadian rhythms as well as their interactions with symptoms can 

help nurse scientists and clinicians to develop a more tailored and personalized approach to 

enable self-management of sleep and symptoms. Taking into account an individual’s chronotype 

preference may inform intervention development to promote self-management of sleep and 

symptoms in adults with a health condition, specifically ARF survivors and adults with IBS and 

improve health outcomes. 
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