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When examining symptoms over time, it is recognized that a 
different picture may emerge from averaged subject responses 
over the time period versus day-to-day trends within each sub-
ject. Examining mean values between subjects (also called the 
across-subjects effect) refl ects the association between two 
variables in the entire sample without regard to within-person 
fl uctuations over time; i.e., do people who rate one symptom 
high overall tend to rate the other symptom high or low overall. 
However, examining covariation of the variables within indi-
viduals (the within-subjects effect) reveals information about 

Study Objectives: Patients with irritable bowel syndrome 
(IBS) often report sleep disturbances. Previously, we 
have shown that self-reported sleep diffi culties predicted 
exacerbations of next-day IBS symptoms, mood disturbance, 
and fatigue. The purpose of this study was to explore whether 
objectively measured sleep using actigraphy, as well as self-
report, predicts next-day symptoms in women with IBS and to 
explore whether or not symptoms also predict self-report and 
objective sleep.
Methods: Women aged 18-45 years with IBS were community-
recruited (n = 24, mean age = 32 ± 8 years). Participants 
completed sleep and IBS symptom diaries for one menstrual 
cycle and wore Actiwatch-64 actigraphs for 7 days at home. 
Statistical analyses used generalized estimating equation 
(GEE) models.
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predicted higher next-day abdominal pain, anxiety, and fatigue, 
but was not signifi cant for gastrointestinal (GI) symptoms or 
depressed mood. Actigraphic sleep effi ciency (SEF) signifi cantly 
predicted worsening next-day anxiety and fatigue, but not 

abdominal pain, GI symptoms, or depressed mood. On temporally 
reversed analyses, none of the symptoms signifi cantly predicted 
subsequent sleep, except that GI symptoms signifi cantly 
predicted higher actigraphic sleep effi ciency.
Conclusion: This small exploratory study supports previous 
fi ndings that self-reported sleep disturbance predicted 
exacerbation of next-day symptoms in women with IBS and 
extends this relationship using an objective sleep measure. 
The study adds further evidence that sleep quality predicts 
subsequent IBS symptoms, but not the converse. The fi ndings 
from this small study support the importance of additional 
longitudinal research to further understand the relationships 
between sleep and IBS.
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Irritable bowel syndrome (IBS) is a common functional gastro-
intestinal (GI) disorder characterized by intermittent abdomi-

nal pain or discomfort associated with bowel pattern alterations 
(constipation, diarrhea, or mixed-pattern).1 Cross-sectional stud-
ies of persons with IBS have shown associations between sleep 
disturbance and IBS symptoms such as abdominal pain, bloating, 
diarrhea, and constipation.2-5 Persons with IBS also experience 
non-GI symptoms including mood disturbances (particularly 
anxiety and depression) and fatigue.6-8 Although evidence sug-
gests bi-directional interactions of IBS with depression, anxiety, 
and insomnia,9,10 it is not known how these factors interact day-
to-day. Female sex may also be a factor in the interaction of IBS 
and related symptoms, given that IBS and sleep disturbance are 
both more common in women than in men.11,12

To better characterize symptom patterns in women with IBS, 
studies of longitudinal data are needed for exploring the tem-
poral relationships between sleep and symptoms. In particular, 
it is important to understand whether sleep disturbance and 
symptoms co-vary over time and whether this relationship is di-
rectional. Such information would be useful for understanding 
potential mechanisms underlying exacerbations of both sleep 
disturbance and IBS and possibly for targeting treatments (e.g., 
could treatment of sleep disturbance reduce GI symptoms?).
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the day-to-day relationships between symptoms (if individual 
participants’ ratings on one symptom increase, does the other 
symptom also increase or decrease?). Whereas a trait-like bias 
toward rating all symptoms high or low may confound across-
subjects effects, within-subjects effects could still reflect 
whether daily changes in one symptom accompany changes in 
the other. For this reason, research examining across-subjects 
effects is not sufficient to indicate whether or not symptoms co-
vary day-to-day, and within-subject effects must be examined.

A previous study by our research group partially addressed 
this issue by using longitudinal data from a daily diary to exam-
ine the temporal associations between sleep and symptoms in 
women with IBS.3 Separating the across-subject and the within-
subject associations revealed a within-subject association; self-
reported sleep disturbance predicted individuals’ next-day 
IBS symptoms. This study also showed a significant positive 
across-subject correlation, indicating that, overall, higher mean 
sleep disturbance predicted higher mean IBS symptoms. Be-
yond the approach used in this prior study, potential effects of 
within-subject self-report bias may be explored by comparing 
self-report to an objective measure, which should not be subject 
to bias. Actigraphy offers a low-cost, low-burden approach for 
obtaining objective longitudinal sleep data; and actigraphy has 
been shown useful for measuring within-subject fluctuations in 
sleep over time.13 Thus, actigraphy offers a feasible objective 
measure for examining covariance of sleep and symptoms in 
persons with IBS, as well as other populations.

Another growing field of knowledge that pertains to the pres-
ent research is examination of the directionality of relationships 
between sleep and symptoms. Much of this evidence has been 
produced within studies of pain and sleep. Evidence emerging 
over the past several years demonstrates that nightly sleep dis-
turbance tends to strongly predict next-day pain, but the rela-
tionship between daily pain and that night’s sleep tends to be 
weak.14-16 Our previous study was consistent with those results: 
self-reported sleep disturbances predicted next-day IBS symp-
toms, but the reverse was not observed—day-of IBS symptoms 
did not predict that night’s self-reported sleep disturbance.3 
However, the directionality of the relationship between symp-
toms and sleep in IBS has not been examined using objective 
sleep data.

The purpose of this study was to explore whether objectively 
measured sleep using actigraphy, as well as self-report, pre-
dicts next-day IBS symptoms and to explore whether or not 
IBS symptoms predict self-report and objective sleep. For this 
study, IBS symptoms included abdominal pain and functional 
GI symptoms (bloating, diarrhea, and constipation). We also 
measured mood (depressed mood and anxiety), and fatigue. 
The specific aims of the study were (1) to examine whether 
or not self-reported sleep quality ratings from the prior night 
predict next-day abdominal pain, GI symptoms, mood, and fa-
tigue; (2) to examine whether objective sleep quality measured 
by actigraphic sleep efficiency from the prior night predicts 
next-day abdominal pain, GI symptoms, mood, and fatigue; 
and (3) to explore whether or not day-of symptoms also pre-
dict self-reported and/or objective sleep quality that night. We 
hypothesized that poorer subjective and objective sleep would 
predict worse ratings on all symptoms, but that the relation-
ships would be weaker for objective sleep (actigraphic sleep 

efficiency). Consistent with prior sleep research, we hypoth-
esized that sleep would predict symptoms, but not the converse.

METHODS

Subjects
Prior to recruitment, approval was obtained from the Uni-

versity of Washington Human Subjects Board. Women with 
IBS, 18 to 45 years of age, were recruited through community 
advertisements (n = 24). To be enrolled, the women in the IBS 
group had to have a medical diagnosis of IBS and currently 
be experiencing symptoms compatible with the Rome-II cri-
teria for IBS.17 Women were excluded if they had (1) signifi-
cant comorbidities (e.g., history or current comorbid abdominal 
conditions other than IBS, current cardiac dysrhythmia, sleep 
disorders, pain disorders, psychiatric disorders); (2) medica-
tions that could interfere with sleep or affect IBS symptoms 
(e.g., β-blockers, antihistamines, benzodiazepines, or antide-
pressants, prokinetic, 5-HT3 antagonist, 5-HT4 agonist drugs, or 
hormonal contraceptives); or (3) other characteristics that could 
affect sleep (i.e., body mass index [BMI, kg/m2] > 35, late eve-
ning and night work, > 300 mg caffeine consumption in the af-
ternoon-evening, or ≥ 3 servings of alcohol daily). Forty-three 
women with IBS were enrolled. Nineteen were excluded for 
insufficient data for various reasons (e.g., withdrew due to time 
commitment, unwilling to complete sleep laboratory protocol).

Procedures
The purpose of the parent study was to examine polysomno-

graphic and self-reported sleep in women with IBS, previously 
described elsewhere.18 Informed consent was obtained from 
participants prior to data collection. Next, the women com-
pleted baseline questionnaires, underwent a targeted physical 
assessment, and were instructed on how to complete the daily 
sleep and symptom diary. At home, each participant completed 
the diary each evening over one menstrual cycle, starting with 
the first day of her next menses. All women underwent PSG 
monitoring in the sleep laboratory. PSG and actigraphy were 
collected starting during mid-luteal menstrual phase (based on 
testing for the luteinizing hormone surge) to control for hor-
mone-related symptom fluctuation.18 At this time, the actigraph 
was placed on the participant’s non-dominant wrist and worn 
continuously for 10 days (some subjects wore the actigraph a 
few days longer even though they were instructed to remove it). 
The first 3 nights were spent in the sleep laboratory and are not 
included in these analyses as unlikely representative of their 
regular sleep pattern. Only the nights of concurrent actigraphy 
and daily diary data collected at home are included.

Measures

Descriptive Measures
Demographic data included age, occupation, and education. 

Baseline sleep was assessed using the Pittsburgh Sleep Qual-
ity Index (PSQI), which assesses sleep quality and disturbances 
over the prior month.19 A global PSQI score > 5 yielded a di-
agnostic sensitivity of 90% and specificity of 87% (κ = 0.75, 
p < 0.001) in distinguishing good from poor sleepers.20
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Participants completed their symptom diary each evening by 
rating the highest level on each item experienced over the past 
24 hours. Sleep-related items included difficulty falling asleep, 
daytime sleepiness, waking up too early, and waking up dur-
ing the night, rated as 0 (not present), 1 (minimal), 2 (mild), 3 
(moderate), or 4 (extreme), and sleep quality and how rested 
they felt upon awakening rated as 0 (very poor), 1 (poor), 2 
(fair), 3 (good), or 4 (very good).

Severity of Daily IBS Symptoms
Participants rated an additional 33 symptoms on the daily 

diaries. These symptoms were summarized into subscales.3 The 
GI scales included abdominal pain (mean of 2 items: abdomi-
nal pain and stomach pain) and GI symptoms scores (mean of 
4 items: diarrhea, constipation, bloating, intestinal gas). Mood 
was represented by anxiety (mean of 2 items: anxiety and worry-
ing), depressed mood, and fatigue. Each item was rated as 0 (not 
present), 1 (minimal), 2 (mild), 3 (moderate), or 4 (extreme).

Objective Indicators of Sleep
Sleep was measured objectively using 7 nights of data col-

lected from actigraphy (Actiwatch-64; Philips Respironics, 
Andover, MA). These devices are piezoelectric accelerom-
eters, detecting movement on all planes. Movement data were 
sampled at a rate of 32 Hz, and activity counts were recorded 
in 30-s epochs. The data were analyzed using Actiware 5.57 
software (Philips Respironics, Andover, MA). To analyze 
actigraphy data, the rest interval (i.e., time in bed) is manu-
ally entered into Actiware. The rest interval onset and offset 
were determined and entered by an experienced research as-
sistant according to the standard criteria used by the University 
of Washington Center for Research on Management of Sleep 
Disturbances. All scoring was visually inspected by an inves-
tigator with expertise in actigraphy (DTB). The primary sleep 
outcome was sleep efficiency (SEF = total sleep time / time in 
bed). Other sleep outcomes that are reported descriptively in-
clude time in bed (TIB), total sleep time (TST), sleep onset la-
tency (SOL = minutes between bedtime and initial sleep onset), 
and wake after sleep onset (WASO = wake time between initial 
sleep onset and final sleep offset). Sleep onset and offset were 
defined as the first and last periods of 10 min with ≤ 1 epoch of 
movement/wake.

Data Analysis
The study data were analyzed using SPSS 17. Only subjects 

with matched actigraphy and diary data for at least 4 nights were 
included; fewer nights were considered unlikely to reliably rep-
resent the relationships between sleep and symptoms over time. 
Subjects had between 4 and 7 nights of concurrent home data 
(median = 7 nights). The relationships between sleep and symp-
toms were explored in a bi-directional manner. In analyses exam-
ining whether sleep predicted next-day IBS symptoms, separate 
analyses were conducted using each of two predictor variables: 
self-reported sleep quality ratings (representing subjective sleep) 
and actigraphic SEF (representing objective sleep). There is no 
objective outcome that is an ideal equivalent for comparison to 
self-rated sleep quality, but actigraphic SEF likewise is inter-
preted as reflecting general sleep quality. One would expect these 

variables to be modestly, but not perfectly, correlated, which was 
examined using Pearson correlation. The dependent variables 
were all aforementioned IBS symptoms. In analyses examining 
whether IBS symptoms predicted sleep, each IBS symptom was 
used as a predictor variable and the outcomes were self-reported 
sleep quality ratings and actigraphic SEF.

All analyses of the relationships between sleep and IBS 
symptoms were conducted using generalized estimating equa-
tions (GEE) models. This approach accounts for the time-series 
correlation of observations within each subject.3 When analyz-
ing clustered symptom data such as these, it is important to 
separate the within-subject effect from the across-subject ef-
fect.21,22 The across-subject effect addresses the question of 
whether subjects with poor sleep on average also have high IBS 
symptom severity on average. The within-subject effect ad-
dresses the question of whether, within a person, next-day IBS 
symptom severity is worse than average after nights when sleep 
is worse than average for that person. The across-subjects term 
was calculated as the within-subject mean value of the predictor 
(SEFmean). The within-subject term was calculated as the devia-
tion of the daily value of the predictor from the within-subject 
mean (SEFday-SEFmean). Therefore, the coefficient of SEFmean 
would be interpreted as an estimate of across-subject effect and 
the coefficient of SEFday would be interpreted as an estimate 
of within-subject effect. Using the GEE approach, separate lin-
ear regression models were applied to each pair of variables 
(predictor and dependent variable) with both across-subjects 
and within-subjects effects of the predictor. Similar to a simple 
regression, GEE produces an unstandardized β value that indi-
cates the correspondence of the 2 methods. To facilitate com-
parison of the β coefficients, the z scores of the predictor and 
outcome variables were used in the GEE analyses.

RESULTS

Subjects
The mean age of the sample was 31.9 ± 8.1 years. Most par-

ticipants were unmarried (67%), college-educated (63%), em-
ployed in a technical or service profession (75%), and racially 
identified as white (75%). On the PSQI, 58% of the sample met 
or exceeded the threshold indicating poor sleep. Mean values 
on sleep and symptom outcomes are shown in Table 1.

Self-Reported Sleep Quality Ratings and IBS Symptoms
Sleep quality ratings from the subject diaries showed a sig-

nificant within-subject relationship between sleep quality and 
IBS symptoms (see Table 2). Reduced self-reported sleep 
quality significantly predicted next-day symptom exacerbation 
of abdominal pain, anxiety, and fatigue. Sleep quality did not 
significantly predict GI symptoms or depressed mood the next 
day. Across-subject effects were not significant, though the co-
efficients for anxiety and fatigue were negative and rather large 
(β = -0.42 and -0.32, respectively, p < 0.20).

Actigraphic Sleep Efficiency and IBS Symptoms
Scores on self-rated sleep quality and actigraphic SEF 

were significantly correlated, but the relationship was of low 
magnitude (r = 0.227, p = 0.001). Reduced actigraphic SEF 
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significantly predicted within-subject next-day anxiety and fa-
tigue but not abdominal pain, GI symptom scores, or depressed 
mood (see Table 3). Certain across-subject effects were signifi-
cant, but in the opposite direction than was expected. Persons 
with increased levels of SEF on actigraphy had significantly 
higher overall anxiety, depressed mood, and fatigue.

IBS Symptoms as Predictors of Self-reported Sleep 
Quality Ratings and Actigraphic Sleep Efficiency

The temporally reversed analysis found no significant within-
subject associations of IBS symptoms predicting self-reported 
sleep quality that night (Table 4). Similar analyses predicting 
actigraphy SEF found no significant within-subject associa-
tions (Table 5) except for GI symptom score, which had a sig-
nificant (p = 0.012) positive coefficient predicting actigraphy 
SEF. As expected, the across-subject associations in Tables 4 
and 5 agree/correlate with those seen in Tables 2 and 3.

DISCUSSION

Results of this study confirm prior findings that self-reported 
sleep disturbances are associated with next-day symptoms in 

Table 1—Mean symptom and sleep outcomes in women 
with IBS.

IBS Symptom Outcomes (0-4) Mean (SD)
Abdominal Pain 1.26 (0.75)
GI Symptom Score 1.11 (0.56)
Anxiety 0.99 (0.84)
Depressed mood 0.62 (0.72)
Fatigue 1.36 (0.84)

Self-report Sleep Outcomes (0-4) Mean (SD)
Sleep quality 2.66 (0.52)
Hard to fall asleep 0.59 (0.73)
Waking up during the night 0.87 (0.68)
Waking up too early 0.62 (0.63)
Daytime sleepiness 1.02 (0.80)

Actigraphic Sleep Outcomes Mean (SD)
Time in bed, minutes 465.41 (41.37)
Total sleep time, minutes 427.46 (34.47)
Sleep efficiency, % 91.96 (2.17)
Sleep latency, minutes 7.46 (5.94)
Wake after sleep onset, minutes 31.10 (11.02)

Table 2—Self-reported sleep quality ratings as predictors of symptoms in women with IBS.
Across-subjects Within-subject

β SE p β SE p
Abdominal pain 0.11 0.35 0.750 -0.25 0.07  < 0.001
GI symptom score -0.02 0.37 0.961 -0.07 0.04 0.085
Anxiety -0.42 0.25 0.097 -0.21 0.06  < 0.001
Depressed mood -0.17 0.20 0.395 -0.06 0.05 0.268
Fatigue -0.32 0.22 0.160 -0.31 0.08  < 0.001

Predictor and dependent variables were z-transformed for these analyses.

Table 3—Actigraphic sleep efficiency as a predictor of symptoms in women with IBS.
Across-subjects Within-subject

β SE p β SE p
Abdominal pain 0.24 0.34 0.488 -0.13 0.08 0.121
GI symptom score -0.10 0.29 0.742 -0.05 0.05 0.373
Anxiety 0.52 0.26 0.052 -0.19 0.09 0.050
Depressed mood 0.49 0.19 0.012 -0.04 0.04 0.333
Fatigue 0.63 0.22 0.005 -0.19 0.05  < 0.001

Predictor and dependent variables were z-transformed for these analyses.

Table 4—Prediction of self-reported sleep quality ratings by symptoms in women with IBS.
Across-subjects Within-subject

β SE p β SE p
Abdominal pain 0.11 0.14 0.451 -0.001 0.10 0.988
GI symptom score 0.02 0.15 0.915 0.04 0.09 0.645
Anxiety -0.18 0.13 0.165 0.10 0.11 0.347
Depressed mood -0.19 0.18 0.281 0.09 0.15 0.534
Fatigue -0.24 0.20 0.242 0.05 0.10 0.608

Predictor and dependent variables were z-transformed for these analyses.



1007 Journal of Clinical Sleep Medicine, Vol. 10, No. 9, 2014

Sleep and IBS Symptoms in Women

persons with IBS.3 Findings showed that within-subjects poorer 
self-reported sleep quality predicted higher next-day abdomi-
nal pain, anxiety, and fatigue, but not GI symptom scores or 
depressed mood. This study also provides evidence on the 
within-subject relationships between sleep and next-day symp-
toms using an objective (actigraphic) sleep outcome. Reduced 
actigraphic SEF was significantly associated with next-day 
exacerbation of anxiety and fatigue. The relationship between 
actigraphic SEF and abdominal pain trended in the same direc-
tion as with self-reported sleep quality, but was not significant. 
Although no conclusions should be reached from a nonsignifi-
cant trend in this small study, further research could be useful 
to explore whether this trend is underpowered or spurious. No 
effect or trending was observed between actigraphic SEF and 
GI symptoms and depressed mood. The observation that the 
within-subject relationship between sleep and some symptoms 
were present but weaker on objective versus subjective mea-
sures suggests that this relationship may be partly, but not en-
tirely, explained by self-report bias.

The one symptom that was consistently unrelated to subjec-
tive or objective sleep was depressed mood. Studies of adults 
and adolescents with pain have shown that depressive symp-
toms increased the risk of developing sleep disturbance months 
to years later,14,15 but such analyses do not suggest whether or 
not daily fluctuations in depressed mood are related to that 
night’s sleep quality. A recent study of temporal associations 
between sleep and symptoms found that negative mood (not 
specifically depression) predicted worse self-reported sleep 
quality but not lower actigraphic SEF that night (the converse 
was not examined).16 Consideration of this literature along with 
the present findings suggests that, although depression appears 
to be important predictor of sleep disturbance over time, the 
relationship between daily fluctuations of depressive symptoms 
and sleep disturbance remains unclear.

Across-subjects effects differed substantially between the 
analyses of self-reported sleep quality and actigraphic sleep 
efficiency. Across-subject effects of self-reported sleep qual-
ity on symptoms were not significant. The difference between 
within-subjects and across-subjects effects indicates that, al-
though poorer self-reported sleep quality did not predict higher 
symptoms within the general sample (across-subjects effects), 
day-to-day changes in sleep quality did predict symptom fluc-
tuations (abdominal pain, anxiety, and fatigue) within-subjects. 
Across-subjects associations of mean actigraphic SEF with ab-
dominal pain and GI symptoms were not significant, but as-
sociations with mean severity of depressed mood, anxiety, and 

fatigue showed relationships in an opposite direction than ex-
pected. Whereas one would expect persons with higher SEF to 
have lower levels of these next-day IBS symptoms, the analy-
ses showed that subjects with higher SEF displayed exacer-
bation of (or perhaps increased attention to) next-day anxiety, 
depression, and fatigue. Recognizing that actigraphy measures 
movement (i.e., sleep behavior) as a proxy for neurologically 
defined sleep, it is possible that persons with these symp-
toms were awake but lying still, which could be misclassified 
as “sleep” on actigraphy. The behavioral pattern of quiescent 
wakefulness is consistent with a pattern commonly observed 
in persons with insomnia.23 Although actigraphy is known to 
generally overidentify sleep, as could be the case in these sub-
jects, prior evidence on the validity of actigraphy indicates that 
it remains useful for quantifying within-subject changes from 
night to night.13 Therefore, these across-subjects effects are 
less likely to call into question the findings that within-subjects 
changes in SEF are associated with symptom levels.

The present study also explored the directionality of the rela-
tionships between sleep and IBS symptoms by conducting the 
temporally-reversed GEE analyses with the IBS symptoms as 
predictors of that night’s self-reported sleep quality and acti-
graphic SEF. The overall picture presented from the analyses 
using IBS symptoms as the predictor variables indicates that 
exacerbation of daily IBS symptoms seems not to predict that 
night’s sleep quality or efficiency. This finding is mostly con-
sistent with our earlier study with a different sample of IBS 
subjects, which also showed that IBS symptoms did not predict 
that night’s sleep quality.3 The finding of higher GI symptom 
scores predicting higher actigraphic SEF was unexpected and 
remains unexplained in the absence of further data on potential 
causes. Across-subjects effects were the same as the analyses 
using sleep outcomes as the predictors. This is expected be-
cause across-subjects analyses do not address day-to-day varia-
tion, but rather summarize whether the sample means of two 
variables are related. Thus reversing the predictor and outcome 
variables would not substantially change the relationships be-
tween the variables in across-subjects analyses.

The present study findings have implications for both un-
derstanding and treating IBS symptoms. A growing body of 
evidence in sleep research has focused on the directionality of 
relationships between sleep and pain. A recent study by Tang 
and colleagues16 examined the directionality of relationships 
between pain and sleep in a sample of patients with varied types 
of chronic pain. Findings showed that pre-sleep pain did not 
predict that night’s diary-reported sleep quality or actigraphic 

Table 5—Prediction of actigraphic sleep efficiency by symptoms in women with IBS.
Across-subjects Within-subject

β SE p β SE p
Abdominal pain 0.08 0.22 0.711 0.06 0.08 0.460
GI symptom score -0.03 0.12 0.789 0.15 0.06 0.012
Anxiety 0.27 0.11 0.02 0.13 0.11 0.231
Depressed mood 0.43 0.16 0.007 -0.14 0.22 0.537
Fatigue 0.44 0.11  < 0.001 0.08 0.08 0.303

Predictor and dependent variables were z-transformed for these analyses.
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SEF; however, diary sleep quality and actigraphic SEF both 
predicted next-day daytime pain. Consistent with the present 
study, self-reported sleep quality was a stronger predictor than 
actigraphic SEF. Tang et al. also found that pre-sleep cogni-
tive arousal more strongly predicted self-reported sleep quality 
and actigraphic SEF than pain. Similarly, another study by our 
group has shown that women with IBS were more susceptible 
than controls to sleep disruption when faced with the pre-sleep 
stressor of having to give a public talk in the morning.24 This 
evidence suggests that women with IBS may experience a vi-
cious cycle of increased reactivity to pre-sleep events, subse-
quent poor sleep, and exacerbation of abdominal pain, anxiety, 
and fatigue the following day. This suggests that a stronger em-
phasis on pre-sleep events for stress reduction may be therapeu-
tic in the management of IBS symptoms.

Few studies have examined the mechanisms underlying as-
sociations between sleep and IBS symptoms. Some evidence 
suggests that pathological processes in IBS may be related to 
dysregulation of autonomic nervous system (ANS) control of GI 
function, although current evidence on the relative contributions 
of sympathetic and parasympathetic function to IBS symptom 
subgroups (i.e., diarrhea-predominant versus constipation-pre-
dominant) is contradictory.25-27 Sleep research also has suggested 
ANS involvement in sleep disruption, with evidence supporting 
an association between insomnia and sympathetic dominance.28,29 
It is possible that ANS dysregulation may be a common factor 
underlying both IBS symptoms and sleep disturbances reported 
in persons with IBS, or perhaps a certain IBS subgroup. Research 
examining the temporal associations between sleep disturbance 
and autonomic activity (e.g., heart rate variability) might clarify 
pathophysiologic mechanisms of symptom exacerbation in IBS, 
as well as potential treatment targets.

This exploratory study has several limitations that must be 
considered. First, the sample was small and was limited to only 
women aged 18 to 45 years. Research has shown less severe 
sleep disturbance and more severe IBS symptoms in subjects 
who were younger than 50 years old and some evidence sug-
gests less severe sleep disturbance scores in women with IBS 
versus men.2 Therefore, future research should explore whether 
day-to-day associations between sleep and symptoms are af-
fected by these demographic factors and whether the rela-
tionship holds true for the male gender and other age groups. 
Furthermore, the findings were based on 4-7 nights of data due 
to the necessity of data from adjacent days/nights (i.e., data on 
one night’s sleep and the next day symptoms, one day’s symp-
toms and that night’s sleep). Ideally, the replication of these 
findings would use 7- to 14-day actigraphic records to provide 
better characterization of fluctuations of subjective/objective 
sleep and IBS symptoms.30

Finally, as indicated in Table 2, this community-recruited 
sample was only mildly to moderately symptomatic for sleep 
disturbance and the other symptoms assessed. This pattern is to 
be expected from a community sample, which may not experi-
ence symptoms severe enough to warrant treatment as would 
be seen in a clinic-recruited sample. In this small sample, the 
lack of active symptomatology may have reduced the strength 
of associations between sleep and symptoms. Thus, further ex-
ploration of the study findings, including non-significant trends, 
in a sample recruited for greater symptom variability would 

expand the presently limited information on day-to-day sleep 
and symptom fluctuation in IBS.

In summary, this study supports prior observations that 
self-reported sleep quality predicts some next-day symptoms 
in women with IBS. The study adds to the literature evidence 
from objective sleep measures suggesting that the relationship 
between sleep and IBS symptoms cannot be fully explained by 
self-report bias. However, only anxiety and fatigue were signifi-
cantly predicted by objectively measured SEF. Further research 
is needed to better characterize the relationships between sleep 
and IBS symptoms, as such evidence would clarify understand-
ing of these comorbid problems and potentially identify mecha-
nisms underlying both conditions.
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