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Polysomnography shows sleep fragmentation in patients with 
inactive inflammatory bowel disease
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Abstract Background Inflammatory bowel disease (IBD), classified as Crohn’s disease or ulcerative colitis, 
is a chronic inflammatory condition that affects the gastrointestinal tract. Fatigue is a common 
symptom of IBD, even in periods of inactive disease; however, the cause of this fatigue is unknown. 
Studies have suggested that altered sleep patterns may be associated with the fatigue experienced 
by IBD patients. The aim of our study was to assess the sleep quality of patients with inactive IBD 
who report fatigue.

Methods We conducted a prospective observational pilot study that examined IBD outpatients 
with inactive disease who had complaints of fatigue. Upon enrolment, patients underwent Level 
1 diagnostic polysomnography for one night to measure objective sleep parameters. Patients 
were also asked to complete 3 validated questionnaires to assess fatigue, depression levels, and 
subjective sleep quality. 

Results Fifteen patients (7 with CD, 8 with UC) were enrolled in the study; their mean age was 
38.6±11.6 years. IBD patients had a mean spontaneous arousal index of 20.0±9.7 arousals /h. 
Patients spent an average of 6.6%, 60.4%, 15.2%, and 17.9% of their total sleep time in stages N1, 
N2, N3 and rapid-eye-movement sleep, respectively. Four (26.7%) patients had obstructive sleep 
apnea, and 7 (46.7%) patients experienced periodic limb movements of sleep. 

Conclusions Patients with IBD experienced altered sleep patterns and high rates of sleep 
fragmentation. Further research is needed to determine how poor sleep quality can be treated in 
patients with IBD.
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Introduction

Inflammatory bowel disease (IBD), including Crohn’s 
disease (CD) and ulcerative colitis (UC), is a chronic, remitting 

and relapsing condition characterized by inflammation of the 
gastrointestinal tract. While the predominant symptoms of IBD 
include diarrhea, nocturnal bowel movements, rectal bleeding and 
abdominal pain, fatigue is a common complaint [1]. Even when 
the gastrointestinal symptoms are in complete remission, fatigue 
can remain a dominant symptom and can have a dramatically 
negative impact on the quality of life for many patients [2].

Recently, we examined the prevalence of fatigue in our 
population of IBD patients attending the University of 
Alberta IBD Consultation and Research Clinic in 2013. We 
evaluated fatigue in 322 patients using the validated Functional 
Assessment of Chronic Illness Therapy-Fatigue (FACIT-F) [3] 
measurement tool and identified that 53.7% of patients with IBD 
had severe fatigue. Similarly, several studies have found higher 
prevalence rates of fatigue in the IBD population compared 
with the general population [2,4-6]. Although the prevalence 
of fatigue is well-established in this patient population, the 
cause of the fatigue in IBD patients in remission is currently 
not well understood.

It has been suggested that sleep quality may be a factor 
contributing to the fatigue experienced by these patients. Sleep 
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plays a vital role in maintaining mental and physical health, 
and is critical in regulating inflammation and the immune 
system [7]. Many studies have demonstrated that patients with 
IBD self-report sleep disturbances, which may contribute to 
disease flares and affect disease management [8]. However, 
although disturbances in sleep and fatigue may be aggravated 
by disease activity, they have been shown to be significant 
even when the disease is in full remission [9]. Indeed previous 
reports have confirmed that 50% of patients with IBD in 
remission complain of poor sleep quality [10].

In a typical night, there are 2 types of sleep: rapid-eye-
movement (REM) and non-REM (NREM) sleep. In total, 
there are 4 scored sleep stages, N1, N2, N3 and REM, each 
corresponding to specific brain waves and neural activity [11]. 
Generally, people follow a predictable sleep cycle by 
transitioning through the various sleep stages approximately 
every 90 min. N1 and N2 are considered to be relatively light 
stages of sleep, whereas N3 is characterized by slow waves 
that result in deep and restorative sleep, where the sleeper is 
less responsive to the outside environment. People on average 
spend 5%, 45%, 25%, and 25% in sleep stages N1, N2, N3, and 
REM, respectively [12]. However, there are normal age-related 
changes in sleep architecture, including an increase of N1 and 
N2 sleep and a decrease of N3 sleep in older adults [13]. Often, 
altered sleep stages can contribute to increased levels of fatigue, 
even if a full night of sleep is experienced [14].

The aim of our study was to assess sleep quality in patients 
with inactive IBD who reported fatigue. We conducted a pilot 
study to objectively assess sleep patterns and disturbances using 
gold-standard criteria, as well as assessing their associations 
with subjective markers of fatigue, sleep quality and the 
prevalence of depression in patients with IBD. 

Patients and methods

Study design

We conducted a prospective observational pilot study to 
examine sleep quality in outpatients with IBD (CD or UC). 
Patients were recruited from April 2016 to February 2017 at the 
University of Alberta IBD Consultation and Research Clinic, 
Edmonton, Alberta, Canada. The study was approved by the 
Research Ethics Board at the University of Alberta, and consent 
to participate in the study was obtained from all subjects.

After signing consent forms, eligible patients were asked to 
complete a demographic questionnaire including age, sex, type 
and distribution of disease, age of diagnosis, and medication 
information. They were also asked to complete 3 validated 
questionnaires that assess subjective fatigue levels, sleep quality 
and depression levels: 1) Functional Assessment of Chronic 
Illness Therapy - Fatigue (FACIT-F), a 13-item patient-
administered questionnaire with a range of 0-52, where lower 
scores indicate worse fatigue [15]; 2) Pittsburgh Sleep Quality 
Index (PSQI), a self-reported questionnaire with 7 component 
scores added to yield one global score with a range of 0-21, where 
higher scores indicate worse sleep quality [16]; and 3) Beck 

Depression Inventory-II (BDI-II), a widely used psychometric 
test for measuring the severity of depression using 21 multiple-
choice questions, each being scored from 0-3, with higher total 
scores indicating more severe depression [17]. 

Upon completing the questionnaire, patients were 
studied with Level 1 diagnostic polysomnography (PSG) at 
the University of Alberta Sleep Disorders Laboratory. PSG 
was conducted following the 2017 American Academy of 
Sleep Medicine protocol with a registered PSG technologist 
(RPSGT) in attendance. Patients were connected to 
an electroencephalogram (EEG), electromyogram, 
electrocardiogram to monitor brain activity, muscle tension 
and movement, and electrical activity of the heart, respectively. 
Furthermore, Respitrace bands were used on the abdomen and 
chest to monitor chest and abdominal effort. Nasal and oral 
airflow were measured to determine the rate of respiration 
and the respiratory effort, and to identify any interruptions in 
breathing. Lastly, pulse oximetry measured blood oxygen levels 
and snoring was recorded with a sound probe located on the 
neck. A registered sleep technologist with extensive experience 
performed PSG scoring, and a physician with expertise in sleep 
disorders reviewed sleep studies. 

Patient population

Patients were eligible for inclusion if they met the following 
criteria: 1) confirmed diagnosis of either CD or UC; 2) in 
remission, determined by a Harvey-Bradshaw Index <5 or a 
Partial Mayo Score of 0 or 1, and a fecal calprotectin level <250 
mg/kg; and 3) subjective complaints of fatigue. Patients were 
excluded from the study if they had active disease, had other 
chronic illness apart from IBD, worked night shifts, had a body 
mass index (BMI) of 35 or higher, used sleep medications and/
or narcotics, had iron deficiency, or if they or their partner had 
a baby or had adopted a baby within the last year. A total of 15 
IBD outpatients were included in the study (7 with CD and 8 
with UC).

Outcomes

In order to objectively assess sleep quality, the primary 
objective of our study was to measure sleep fragmentation using 
PSG in patients with inactive IBD who experienced fatigue. 
The outcomes used to assess sleep fragmentation included 
spontaneous EEG arousals and percent of sleep time in each 
sleep stage. Secondary objective outcomes included measures 
of sleep architecture, respiratory events, and periodic limb 
movements of sleep (PLMS). Secondary subjective outcomes 
included FACIT-F, PSQI, and BDI-II questionnaire scores.

Statistical analysis

For parameters with a normal distribution, mean and 
standard deviation were used as descriptive statistics. For 
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parameters without a normal distribution, median and 
interquartile range (IQR) were used as descriptive statistics. 
Non-parametric methods were used for group comparisons 
because of our small sample size. Correlation analysis was 
performed to determine any relations between variables. A 
P-value <0.05 was used as the level of statistical significance. 
Statistical analysis was performed using SPSS 24.0 statistical 
software (Armonk, NY: IBM Corporation).

Results

Demographic data are reported in Table 1. The mean age 
of the participants was 35.5±10.3 years. Seven patients (46.7%) 
had CD and 8 (53.3%) had UC. Eleven (73.3%) patients 
were female. The mean BMI for our patient population was 
25.8±5.7 kg/m2. Mean fecal calprotectin value was 109.5±91.6 
mg/g. Patients were taking the following medications: biologics 
(53.3%), azathioprine (33.3%), and mesalamine (26.7%). There 
were no statistical differences between CD and UC patients 
apart from sleep latency, which was longer in CD patients 
compared to UC patients (P<0.001). 

Questionnaires

Participants had an average score of 30.1±10.4 on the 
FACIT-F questionnaire, an average PSQI score of 7.9±3.6, and 
an average BDI-II score of 12.8±9.8.

Sleep architecture

Participants slept a median of 384.0 (IQR=60.2) min and 
had a median sleep efficiency of 85.8% (IQR=5.8). Mean 
sleep-onset latency (the time to transition from wakefulness 
to sleep) was 16.9±12.3 min. Sleep latency was significantly 
higher in CD patients compared to UC patients (28.0 vs. 8.6 
min, P=0.001). The median latency to rapid eye movement 
(REM) sleep was 81.5 (IQR=135.3) min. Sleep-onset latency 

was inversely related to age (r=-0.65, P=0.01). Finally, BMI 
inversely correlated with sleep latency (r=-0.61, P=0.02). 

Sleep stages

Patients spent an average of 6.6±3.9%, 60.4±8.2% and 
15.2±9.8% of their total sleep time in stages N1, N2 and N3, 
respectively. REM sleep encompassed 17.9±5.3% of their total 
sleep time.

Age positively correlated with percentage of N2 sleep 
(r=0.70, P=0.006) and inversely related to percentage of N3 
sleep (r=-0.72, P=0.004), results consistent with the normal 
age-related changes in sleep architecture. The spontaneous 
EEG arousal index (number of EEG arousals /h /h) positively 
correlated with percentage of N1 sleep (r=0.71, P=0.005). 
Finally, FACIT-F scores were inversely related to percentage of 
N1 sleep (r=-0.54, P=0.05). 

Medications and sleep stages

Patients on azathioprine had a significantly lower 
percentage of N2 sleep (53.6% vs. 64.1%, P=0.01), and a higher 
percentage of N3 sleep (22.6% vs. 11.1%, P=0.02) compared 
to those not on azathioprine. Patients on mesalamine had a 
lower percentage of N1 (3.2% vs. 7.9%, P=0.02) and a higher 
percentage of N2 sleep (67.8% vs. 57.4%, P=0.04) compared to 
those not on mesalamine. 

Arousals

Patients had a mean spontaneous EEG arousal index of 
20.0±9.7. Patients on biologics had a significantly higher 
spontaneous EEG arousal index compared to patients not 
on biologics (23.0 vs. 16.0, P=0.04). REM latency positively 
correlated with spontaneous EEG arousal index (r=0.54, 
P=0.04). 

Respiratory events

The apnea-hypopnea index (AHI), the number of apnea 
and hypopnea events per hour of sleep, was >5 /h for 4 (26.7%) 
patients. Three (20.0%) patients fell in the mild obstructive 
sleep apnea range (AHI=5-15 /h), and one (6.7%) patient had 
severe obstructive sleep apnea (AHI≥30 /h). BMI positively 
correlated with AHI (r=0.60, P=0.02), as well as with the 
Oxygen Desaturation Events Index (r=0.65, P=0.01). 

PLMS

PLMS were experienced in 7 (46.7%) patients: mild PLMS 
in 6 (40.0%) patients, and moderate PLMS in one (6.7%). 
However, no patients experienced PLMS associated with a 

Table 1 Demographic characteristics of participants

Characteristics Participants (n=15)

Disease type (% CD) 46.7%

Sex (% Female) 73.3%

Age (years±SD) 35.3±10.3

Fecal calprotectin (mg/g±SD) 109.5±91.6

Body mass index (kg/m²±SD) 25.8±5.7

Medications (%)

Biologics 53.3%

Azathioprine 33.3%

Mesalamine 26.7%
CD, Crohn’s disease; SD, standard deviation
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spontaneous EEG arousal of index of greater than 15 /h. Mean 
values of objective sleep parameters are reported in Table  2. 
Individual patient data are reported in Table 3. 

Discussion

This pilot study examined subjective and objective 
markers of sleep in patients with inactive IBD to identify 
altered sleeping patterns and sleep disturbances that 
contribute to the fatigue experienced by this patient 
population. We found that our patient population had a 
greater level of perceived fatigue and worse subjective sleep 
quality compared to previously published scores of healthy 
controls. We determined that IBD patients had altered 
sleeping patterns based on sleep architecture and abnormal 
sleep stages. In addition, we found that IBD patients had 
high rates of respiratory events, arousals and PLMS that 
contributed to fragmented sleep.

One previous study used PSG to measure sleep quality 
in patients with inactive IBD [9]. Sixteen IBD patients were 
included in the study, as well as 9 patients with irritable bowel 
syndrome (IBS) and 7 healthy controls. The study found 
no significant differences between the IBD and IBS groups 
in any objective sleep parameters, and the only significant 
differences seen were a shorter total sleep time and less 
sleep efficiency in IBS patients compared to controls. No 
significant differences were seen between IBD patients and 
controls; however, there were numerical trends indicating 
higher values of N1 sleep percentage, arousal index, apnea-
hypopnea index and PLMS in IBD patients. The strengths of 
this study were that it included control groups, and that it 
compared objective and subjective markers of sleep quality. 
However, this study did not look at the relationship between 

objective sleep parameters and other confounding factors, 
such as age, sex, BMI, medication use, or objective markers of 
disease activity, such as blood and stool markers, important 
for determining the factors related to the patient’s poor sleep 
quality. 

In order to compare our subjective outcomes of IBD 
patients to those of healthy adults, we obtained data from 
previously published literature. We found that patients 
with IBD had lower FACIT-F questionnaire scores (30.4 vs. 
43.6) compared to healthy adults, indicating higher levels of 
subjective fatigue [18]. In addition, we found that our patients 
with IBD had higher PSQI questionnaire scores (7.6 vs. 3.2) 
compared to healthy adults, indicating lower perceived 
sleep quality [19]. Lastly, it appeared that our IBD sample 
had slightly higher scores on the BDI-II questionnaire (12.7 
vs. 7.8), indicating higher levels of depression compared to 
healthy adults [20]. Marinelli et al showed that depressed 
patients were also more affected by sleep disturbance 
(measured by the PSQI questionnaire), while no difference 
in sleep disturbance was found for patients with or without 
anxiety [21]. Furthermore, this study showed that poor sleep 
was not correlated with disease activity, but was correlated 
with quality of life and mood states. This suggests that an 
improvement in sleep and mood is an important treatment 
consideration for these patients to improve their overall 
quality of life. 

Although our study did not include a control group, 
because of limited sleep lab availability and budget constraints, 
previously published data were available for 470 healthy 
adults who underwent PSG with similar exclusion criteria to 
our study, who could therefore act as an appropriate control 
group  [22]. Based on our PSG results, we determined that 
patients with IBD spent a greater percentage of total sleep time 
in N2 sleep (60.4% vs. 54.3%) and a shorter percentage in N3 
(15.2% vs. 20.4%) compared to healthy controls. This may be 

Table 2 Objective sleep parameters by disease type

Sleep Parameter IBD (n=15) CD (n=7) UC (n=8) P-value*

Total sleep timea, min 384.0 (60.2) 382.5 (79.3) 401.8 (47.1) 0.345

Sleep efficiencya, % 85.8 (5.8) 84.0 (15.0) 87.6 (4.7) 0.181

Sleep latency, min 16.9 (12.3) 29.6 (8.4) 8.6 (3.8) 0.001

N1 sleep, % 6.6 (3.9) 7.9 (3.4) 5.4 (4.1) 0.142

N2 sleep, % 60.4 (8.2) 58.3 (7.9) 63.0 (8.4) 0.282

N3 sleep, % 15.2 (9.8) 17.2 (8.6) 12.1 (10.7) 0.282

REM sleep, % 17.9 (5.3) 16.6 (5.7) 19.5 (4.9) 0.228

REM sleep latencya, min 81.5 (135.3) 173.4 (106.2) 75.8 (47.0) 0.181

Spontaneous EEG arousal index, # /h 20.0 (9.7) 24.8 (12.7) 19.3 (5.8) 0.662

Apnea/hypopnea indexa, # /h 0.6 (3.7) 0.3 (6.6) 1.3 (3.0) 0.573

Oxygen desaturation events indexa, # /h 2.6 (7.5) 2.6 (3.5) 3.3 (10.7) 0.755

Periodic leg movement indexa, # /h 0.0 (8.8) 0.0 (6.0) 2.2 (11.4) 0.282
*P-value comparing UC and CD patients
Data are presented as mean±SD for continuous variables. Median±IQR is reported for non-continuous variables and denoted bya

IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; REM, rapid eye movement; EEG, electroencephalography; SD, standard deviation
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Table 3 Individual patient data showing demography and scores from questionnaires and polysomnography

Patient Sex Age Disease 
type

BMI FACIT-F* Pittsburgh 
sleep 

quality 
index

Beck’s 
depression 
inventory 
score

Normal (N) 
or abnormal 

(A) sleep

Abnormalities

1 F 35 UC 28.2 Non-
severe 
(39)

3 Minimal N  

2 F 34 UC 33.5 Non-
severe 
(47)

4 Minimal N  

3 F 31 CD 21.8 Severe 
(29)

7 Minimal N  

4 F 41 UC 18.2 Non-
Severe 
(41)

2 Minimal A Low % of N3 sleep

5 M 52 UC 29.4 Severe 
(20)

11 Mild A Low % of N3 sleep; High % of 
N2 sleep

6 M 29 CD 22.5 Non-
severe 
(47)

5 Minimal A Low sleep efficiency; High sleep 
latency

7 F 44 UC 29.2 Non-
severe 
(32)

10 Minimal A Low % of N3 sleep; Mild periodic 
limb movements of sleep

8 F 21 CD 21.4 Non-
severe 
(31)

9 Mild A High sleep latency; High REM 
latency; High arousal index; Mild 
periodic limb movements of sleep

9 F 32 CD 20.9 Severe 
(19)

5 Minimal A High REM latency; High arousal 
index; High % of N1 sleep; Low 
% of N3 sleep; Mild periodic limb 
movements of sleep

10 F 19 CD 17.9 Severe 
(13)

12 Severe A High REM latency; High % of N1 
sleep; Low % of REM sleep; Mild 
periodic limb movements of sleep

11 F 41 UC 24.6 Severe 
(20)

14 Moderate A High arousal index; High % 
of N1 sleep; Low % of N3 
sleep; Moderate periodic limb 
movements of sleep

12 M 33 CD 29.6 Non-
severe 
(37)

8 Mild A Low sleep efficiency; High REM 
latency; High arousal index; Low 
% of REM sleep; Mild obstructive 
sleep apnea

13 F 30 UC 34.6 Severe 
(23)

7 Minimal A High arousal index; Mild periodic 
limb movements of sleep; Mild 
obstructive sleep apnea

14 F 56 UC 33.6 Severe 
(27)

9 Severe A High arousal index; Low % 
N3 sleep; Mild periodic limb 
movements of sleep; Mild 
obstructive sleep apnea

15 M 36 CD 21.9 Severe 
(26)

12 Mild A High arousal index; Low % N3 
sleep, Severe obstructive sleep 
apnea

*Scores below 30 are considered to be severe fatigue
M, male; F, female; UC, ulcerative colitis; CD, Crohn’s disease; REM, rapid eye movement; BMI, body mass index; FACIT-F, Functional Assessment of Chronic 
Illness Therapy-Fatigue
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problematic, because stage N3 has an important role in cerebral 
restoration, physical recovery and memory consolidation; 
therefore, a shortage of N3 sleep can lead to excessive 
daytime fatigue, even when a full night of sleep occurs [23]. 

Furthermore, our IBD patients had a lower percentage of REM 
sleep compared to healthy controls (17.9% vs. 20.9%). This 
was congruent with the observation in a recent study  [24]. 
Lastly, our IBD study sample had a mean spontaneous EEG 
arousal index higher than that of healthy controls (20.0 vs. 
14.3), indicating a greater amount of sleep fragmentation in 
our study population. Our study found correlations between 
the percentage of N1 sleep, the number of spontaneous EEG 
arousals and the subjective fatigue experienced by a patient. 
Spontaneous EEG arousals are an important indicator of 
sleep quality used to assess sleep fragmentation, frequent 
interruptions and lack of continuity in sleep [25]. We found 
that our IBD patient population had a higher spontaneous 
EEG arousal index compared to the general population, and 
that an increase in arousal index correlated with an increased 
percentage of N1 sleep. We also found that patients with higher 
subjective fatigue also had a greater percentage of N1 sleep. An 
increased percentage of N1 sleep is generally an indicator of 
increased sleep fragmentation, which in turn leads to stronger 
subjective feelings of fatigue [26]. 

The association between spontaneous EEG arousal index, 
percentage of N1 sleep and subjective fatigue allows us to 
speculate that if a therapeutic intervention was able to decrease 
arousals and therefore N1 sleep, subjective fatigue might 
decrease in these patients. To decrease spontaneous EEG 
arousals, it is important to consider the cause of the arousal. 
For instance, sleep apnea is a common cause of frequent 
spontaneous EEG arousals with sleep fragmentation [27], 
which can be corrected using continuous positive airway 
pressure therapy to increase air pressure in a patient’s airways, 
subsequently preventing airway obstruction during sleep [28]. 
PLMS are another common cause of increased spontaneous 
EEG arousals. The frequency of PLMS with associated arousals 
can be decreased using various pharmacologic therapies. First, 
if patients who experience PLMS have low ferritin levels, iron 
replacement is suggested. In addition, melatonin has been 
shown to significantly reduce PLMS and movement rates 
during time in bed as measured by actigraphy [29]. Lastly, 
benzodiazepines, dopaminergic agents, anticonvulsants 
and GABA agonists have been shown to relieve symptoms 
associated with PLMS [30]. 

This study had some limitations. As previously mentioned, 
it had a small sample size and lacked a control group because 
of budget constraints and sleep lab availability. In order to 
compare our results to healthy controls, we used previously 
published data from 470 healthy adults who underwent PSG 
as a control group. We were unable to control for potentially 
confounding variables, as we were unable to further split our 
already small sample size into smaller samples. Furthermore, 
our sample population was a convenience sample, as we 
recruited patients currently attending our clinic; this may 
have contributed to selection bias. Although an equal number 
of males and females were approached about the study, 
our study had a higher proportion of females compared to 

males. We hypothesize this may have been due to a higher 
incidence of fatigue in the female population, or to a greater 
willingness to participate in the study. Finally, although PSG 
is an objective test, interobserver variability may exist in the 
scoring of sleep stages. In order to reduce the amount of 
variation from one scorer to the next, we ensured that the 
same sleep technologist with extensive experience scored all 
of our studies.

Our study examined sleep quality using PSG in patients 
with IBD, while making important connections with patients’ 
demographics, disease behavior, subjective questionnaire scores 
and medication use. This not only allowed us to determine 
whether patients experienced sleep disturbances, but also let 
us investigate which factors contributed to poor sleep quality. 
Overall, patients with IBD experienced altered sleep patterns 
in terms of the percentage of time spent in each sleep stage, as 
well as high rates of sleep fragmentation. Given the high rates 
of sleep disorders seen in our IBD patient sample, it may be 
useful for IBD patients who complain of fatigue to be evaluated 
for sleep disorders that may contribute to this fatigue. Further 
interventional research in a larger population is needed to 
determine the causes of poor sleep quality and how it can be 
treated in this patient population.

Summary Box

What is already known:

• Fatigue is a dominant symptom in patients with 
inflammatory bowel disease (IBD)

• IBD patients frequently self-report sleep 
disturbances

• Sleep disturbances and fatigue may be aggravated 
by disease activity

What the new findings are:

• IBD patients with inactive disease may have high 
rates of respiratory events, arousals, and periodic 
limb movements of sleep that contribute to 
fragmented sleep

• Shortage of deep sleep in IBD patients may result 
in excessive daytime fatigue

• IBD patients may have a lower percentage of rapid-
eye-movement sleep compared to healthy controls
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