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Association of sleep quality and mucosal healing in patients with 
inflammatory bowel disease in clinical remission

George Michalopoulos, Spyridon Vrakas, Konstantinos Makris, Charalampos Tzathas
Tzaneion General Hospital of Piraeus, Greece

Background The interaction between sleep and the immune system has been increasingly studied 
over the last decades. The aim of this study was to investigate the association between sleep quality and 
mucosal healing in patients with inflammatory bowel disease (IBD) currently in clinical remission.

Methods Ninety patients with IBD in clinical remission were studied: 54  (60%) with Crohn’s 
disease and 36 (40%) with ulcerative colitis. All completed the Pittsburgh Sleep Quality Index, and 
mucosal healing was estimated with ileocolonoscopy. A subgroup analysis was also performed in 
order to investigate these associations in Crohn’s disease and ulcerative colitis separately.

Results Of the 90  patients, 45.56% had poor sleep quality. Patients without mucosal healing 
expressed higher absolute values of the Pittsburgh Sleep Quality Index (P<0.001), while absence 
of mucosal healing and poor sleep quality were statistically associated (P<0.05). Subgroup analysis 
showed that the same pattern was present in patients with Crohn’s disease: patients without mucosal 
healing expressed higher absolute values of the Pittsburgh Sleep Quality Index (P<0.001) and the 
absence of mucosal healing was statistically associated with poor sleep quality (P<0.05). However, 
these associations were not observed in the subgroup of patients with ulcerative colitis (P>0.05).

Conclusion In patients with IBD in clinical remission, absence of mucosal healing seems to be 
associated with poor sleep quality, especially in patients with Crohn’s disease.
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Introduction

The interaction between sleep and the immune system has 
been increasingly studied over the last decades. It has been 
demonstrated that several inflammatory cytokines, such as 
interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF)-α, 
produced in many chronic inflammatory diseases such as 
inflammatory bowel disease (IBD) and rheumatoid arthritis, 
can affect the sleep-wake cycle and induce sleep disorders [1-3]. 
Two recent studies have shown that anti-TNF treatment in 
patients with rheumatoid arthritis and ankylosing spondylitis 
improves sleep quality [4,5].

Conversely, there are studies indicating that sleep deprivation 
can induce inflammatory cytokine production  [6-9], and 
may also influence the cellular immune components, such as 
natural killer cells [10]. In one study, the authors demonstrated 
that acute and chronic sleep deprivation can exacerbate colonic 
inflammation in mouse models of IBD [11].

Interest in the interaction of sleep disturbances and IBD has 
increased even more since the establishment of the “treat-to-
target” approach, which incorporates patient-reported outcomes 
(PROs) in our therapeutic targets [12]. Most authors include 
fatigue in such PROs and many include sleep quality, which 
seems to be an important factor associated with quality of life 
and with the aforementioned development of fatigue  [12,13]. 
Recent studies have shown that IBD patients suffer more from 
sleep disorders than do normal controls and that there is a strong 
association between sleep disorders and active IBD [14,15]. 
Moreover, Ananthakrishnan et al, in a large study that included 
3173 participants, found that patients with Crohn’s disease (CD) 
who reported sleep disturbances were at risk of developing 
clinically active disease in the following 6 months [16]. However, 
the same effect was not demonstrated for patients with ulcerative 
colitis (UC) [16]. Similar results, but accounting for both CD and 
UC were also found in a study involving 177 Japanese patients, 
which demonstrated an increased risk for IBD flare within one 
year in patients with sleep disorders [17].
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Taking into account that there is only one study, involving 
only 18 patients, that refers to the association of sleep quality 
with mucosal disease activity in IBD patients in clinical 
remission [15], we performed a larger study that aimed to 
investigate the association of sleep quality and mucosal healing 
in patients with IBD in clinical remission.

Patients and methods

Patients and definitions

This was a cross-sectional single-center study. Ninety 
patients with IBD were included in the study, 54  (60%) with 
CD and 36  (40%) with UC. All patients were examined in 
our outpatient clinic during the period from January 2015 
to January 2016 and were found to be in clinical remission. 
“Clinical remission” in the case of CD was defined as a CD 
Activity Index (CDAI) <150, while in the case of UC, “clinical 
remission” was defined as a partial Mayo Score (pMayo score) 
≤2. To estimate the patients’ sleep quality the Pittsburgh Sleep 
Quality Index (PSQI), an easy-to-use and validated instrument, 
was used with permission [18]. Consisting of 19 items, the PSQI 
measures different aspects of sleep, offering seven component 
scores and one composite score. The component scores consist 
of subjective sleep quality, sleep latency, sleep duration, habitual 
sleep efficiency, sleep disturbances, use of sleeping medication, 
and daytime dysfunction. Each item is graded on a scale of 0-3. 
The global PSQI score is then calculated by totaling the seven 
component scores, providing an overall score ranging from 0 
to 21, where lower scores denote a healthier sleep quality [18].

Since the population under study were not native English 
speakers, we used the validated Greek-language version of PSQI 
(GR-PSQI) [19]. All patients completed the questionnaire and the 
index was calculated using the PSQI Scoring Database. A score 
≤5 indicated “good sleep quality”, while a score >5 indicated 
“poor sleep quality”, according to the authors’ instructions [18].

Mucosal healing was estimated with ileocolonoscopy on 
the same day that the PSQI calculation was performed. All 
90  patients underwent ileocolonoscopy and mucosal healing 
was defined as an endoscopic Mayo score ≤1 in the case of UC, 
an absence of ulcers in the case of CD, and a Rutgeert’s score 
<i2 in the case of CD postoperatively. Data regarding age, sex, 
treatment for IBD, duration of the disease, history of surgery 
related to IBD, perianal disease in CD and medically diagnosed 
depression were also collected.

Methodology

A separate analysis was performed for IBD patients in 
total, followed by subgroup analysis for CD and UC patients 
separately. To avoid bias, the ileocolonoscopy was performed 
by a different gastroenterologist than the one who calculated 
the CDAI, pMayo score and PSQI.

Statistical analysis

Statistical analysis of the acquired data was performed 
with Stata 9.0 software (StataCorp, College Station, TX). All 
comparisons utilised a two-sided significance level of 0.05. 
A univariate ANOVA regression analysis using the PSQI absolute 
value as dependent value was performed for the IBD group and 
also for the two subgroups (CD and UC). Variables that reached 
statistical significance on univariate analysis at P<0.05 were 
included in the multivariate model. A value of P<0.05 was used as 
a threshold for statistical significance in the multivariate model. 
The chi-square test and Fisher’s exact test were used appropriately 
in order to estimate the association between mucosal healing and 
poor sleep quality (expressed as PSQI>5) in the main group and 
the two subgroups. Sample size was calculated using G-power 
so that a between-group difference in patients with and without 
mucosal healing would permit a one-tailed type I error rate of 
a=0.05 with a power of 80%. This analysis indicated that a sample 
size of at least 39 patients per group was necessary.

Ethical statement

The study protocol conformed to the ethical principles for 
medical research including human subjects described in the 
Declaration of Helsinki and was approved by the hospital’s 
ethics committee. All patients participating in the study signed 
an informed consent form.

Results

Patient characteristics

The descriptive characteristics are presented in Table 1.

Factors associated with higher PSQI values and poor sleep 
quality in IBD patients

According to the results of univariate ANOVA regression 
analysis with the PSQI absolute value as dependent value (Table 2), 
a positive association with higher absolute PSQI values was 
observed for female sex (P=0.024), and for medically diagnosed 
depression (P=0.044). Patients with an absence of mucosal healing 
also expressed higher absolute values of PSQI (P<0.001). Further 
analysis of this group with multivariate ANOVA regression 
analysis (Table  2) revealed that only female sex (P=0.011) and 
absence of mucosal healing (P<0.001) were associated with 
higher PSQI values. No statistically significant association was 
observed for the rest of the variables (age, duration of disease, 
treatment, and surgery). To explore the association between the 
absence of mucosal healing and poor sleep quality, defined by 
values of PSQI>5, the chi-square test was performed, resulting 
in a statistically significant association (P<0.05) between the 
two variables. It seems that in IBD patients in clinical remission, 
absence of mucosal healing is associated with poor sleep quality.
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Factors associated with higher PSQI values and poor 
sleep quality in patients with CD

According to the results of univariate ANOVA regression 
analysis with the PSQI absolute value as dependent value in 
CD patients (Table 3), a positive association was observed only 
with absence of mucosal healing (P<0.001), thus showing that 
patients with CD and absence of mucosal healing, as estimated 

by ileocolonoscopy, had higher absolute PSQI values compared 
to patients with mucosal healing (Fig.  1). Chi-square test 
analysis also revealed that, in patients with CD, absence of 
mucosal healing and poor sleep quality, defined as PSQI>5, 
were also statistically significantly associated (P<0.05). It 
seems that in patients with CD, absence of mucosal healing 
in patients with clinical remission was associated with poor 
sleep quality.

Table 1 Descriptive characteristics of IBD, UC and CD patients

Patient characteristics IBD (n=90) UC (n=36) CD (n=54)

Age 40.5±14.7 45.4±15.1 37.3±13.6 

Sex (females) 42 (46.67%) 14 (38.89%) 28 (51.85%)

Duration of disease (years) 7.6±7.4 10.2±9.3 6±5.4

PSQI (>5) 41 (45.56%) 14 (38.89%) 27 (50%)

PSQI absolute value 5.7±3.4 5.6±3.8 5.8±3.2

Treatment

None 2 (2.22%) 1 (2.7%) 1 (1.8%)

5-ASA 36 (40%) 23 (63.88%) 13 (24.07%)

Azathioprine 14 (15.56%) 3 (8.33%) 11 (20.37%)

Infliximab 26 (28.89%) 8 (22.2%) 18 (33.33%)

Adalimumab 11 (12.22%) 11 (20.37%)

Azathioprine+5-ASA 1 (1.11%) 1 (2.7%)

Absence of mucosal healing 39 (43.33%) 13 (36.11%) 26 (48.15%)

Depression under treatment (yes) 8 (8.89%) 2 (5.56%) 6 (11.11%)

Surgery (yes) 11 (12.22%) 0 (0%) 11 (20.37%)
IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; PSQI, Pittsburgh sleep quality index; 5-ASA, 5-aminosalicylates

Table 2 Univariate and multivariate ANOVA regression analysis using PSQI absolute value as dependent variable (IBD patients)

PSQI absolute  (univariate) Coefficient SE P-value 95%CI 

Sex (female) 1.64 0.71 0.024 0.21-3.06 

Age 0.04 0.02 0.06 ‑0.002-0.09 

Duration of disease ‑0.003 0.05 0.94 ‑0.1-0.1 

Treatment

(5-ASA) 5.9 0.59 Reference 4.79-7.15

Azathioprine 0.45 1.12 0.685 ‑1.77-2.68

Infliximab ‑0.74 0.91 0.42 ‑2.56-1.07

Adalimumab ‑0.33 1.22 0.785 ‑2.77-2.1

Azathioprine+5-ASA 1.02 3.6 0.776 ‑6.14-8.19

Absence of mucosal healing 2.99 0.67 <0.001  1.6-4.3 

Depression under treatment (yes) 2.58 1.26 0.044 0.07-5.10 

Surgery (yes) 0.78 1.12 0.48 ‑1.44-3.01 

PSQI absolute (urivariate)

Absence of mucosal healing 3 0.65 <0.001 1.71-4.29 

Sex (female) 1.66 0.64 0.011 0.38-2.95 
SE, standard error; CI, confidence interval; PSQI, Pittsburgh sleep quality index; IBD, inflammatory bowel disease; 5-ASA, 5-aminosalicylates
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Factors associated with higher PSQI values and poor sleep 
quality in patients with UC

From univariate ANOVA regression analysis with the PSQI 
absolute value as dependent value in UC patients (Table  4), a 
positive association was observed only for female sex (P=0.008), 
but no association was found regarding mucosal healing (Fig. 2). 
Fisher’s exact test was also performed in this group in order to 
determine whether there was any association between poor sleep 
quality (PSQI>5) and mucosal healing, but no significant results 
were revealed (P>0.05). In UC it seems that only female sex was 
associated with higher PSQI values, and that mucosal healing in 
patients in clinical remission was not associated with sleep quality.

Discussion

The relationship between sleep quality and the immune system 
is complex and has been studied extensively in the past decades. It 

Table 3 Univariate ANOVA regression analysis using PSQI absolute values as dependent variable (CD)

PSQI absolute Coefficient SE P-value 95%CI

Sex (female) 0.53 0.88 0.55 ‑1.24-2.3

Age 0.05 0.03 0.11 ‑0.01-0.11 

Duration of disease ‑0.04 0.08 0.57 ‑0.21-0.12 

Treatment

(5-ASA) 6.23 0.9 Reference 4.41-8.04

Azathioprine 0.86 1.33 0.523 ‑1.82-3.54

Infliximab ‑1.28 1.18 0.284 ‑3.6-1.09

Adalimumab ‑0.59 1.33 0.658 ‑3.27-2.08

Absence of mucosal healing 3.62 0.73 <0.001 2.15-5.09

Depression under treatment (yes) 2.04 1.38 0.14 ‑0.73-4.82

Surgery (yes) 0.75 1.09 0.49 ‑1.44-2.96

Perianal disease 0.91 1.31 0.48 ‑1.77-3.55 
SE, standard error; CI, confidence interval; PSQI, Pittsburgh sleep quality index; CD, Crohn’s disease; 5-ASA, 5-aminosalicylates

Table 4 Univariate ANOVA regression analysis using PSQI absolute value as dependent variable (UC)

PSQI absolute Coefficient SE P-value 95%CI

Sex (female) 3.39 1.2 0.008 0.95-5.83

Age 0.05 0.04 0.23 ‑0.03-0.14

Duration of disease 0.029 0.07 0.7 ‑0.12-0.18

Treatment 5.82 0.83 Reference 4.11-7.53

(5-ASA)

Azathioprine ‑1.82 2.46 0.465 ‑6.85-3.2

Infliximab 0.04 1.64 0.977 ‑3.31-3.41

Azathioprine+5-ASA 1.17 4.1 0.777 ‑7.19-9.54

Absence of mucosal healing 2 1.31 0.13 ‑0.65-4.67

Depression under treatment (yes) 4.08 2.75 0.14 ‑1.5-9.6

Surgery (yes) - - - -
SE, standard error; CI, confidence interval; PSQI, Pittsburgh sleep quality index; UC, ulcerative colitis; 5-ASA, 5-aminosalicylates

has previously been demonstrated that sleep deprivation may cause 
alterations in immune function and may promote the production 
of inflammatory cytokines, and that chronic inflammatory 
disorders are associated with disturbances of the sleep-wake cycle 
[6,7,19-21]. Sleep restriction and sleep apnea can result in tissue 
hypoxia, oxidative stress, sympathetic activation, and systemic 
inflammation, leading to activation of inflammatory cytokines 
such as TNF, IL-1, and IL-6 [22]. Interestingly, these cytokines (IL-
1, IL-6, and TNF-α) are also implicated in the pathogenesis of IBD 
[1-3]. There are also data suggesting that circadian clock genes 
are involved in the regulation of the gastrointestinal physiology, 
while it has been shown in experimental models that disruption 
of the circadian clock may increase intestinal permeability, thus 
enabling the translocation of bacterial proinflammatory products 
(endotoxins etc.) and activating an inflammatory cascade [23]. 
Melatonin, a neurohormone produced by the pineal gland and by 
enterochromaffin cells in the gastrointestinal tract, has also gained 
interest in studies of the association between sleep disturbances 
and IBD. Melatonin promotes sleep by reducing sleep latency, 
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decreasing wake time, and increasing overall sleep quality. In 
addition, it seems to exert some immunomodulatory effect through 
the modulation of antioxidant and anti-inflammatory pathways 
and by playing a protective role against mucosal ulceration [24].

On the other hand, as mentioned above, it has also been 
demonstrated that inflammatory cytokines produced by 
chronic inflammatory diseases may in turn influence the 
sleep-wake cycle and induce sleep disorders [1-3]. Moreover, 
patients with IBD experience sleep disruption due to nocturnal 
diarrheas, abdominal pain, extraintestinal manifestations, 
stress and depression, which in turn may lead to a vicious cycle 
of poor sleep quality and increased inflammatory response [24]. 
In fact, nocturnal diarrheas and abdominal pain have been 
implicated in affecting the sleep quality of IBD patients [25].

Regarding clinical data, Ranjbaran et al demonstrated that IBD 
patients, even with clinically inactive disease, had significant sleep 
disturbances in comparison to healthy subjects [14]. In the current 
study it was shown that 45.56% of patients in clinical remission had 
poor sleep quality expressed as a PSQI score >5. This percentage is 
in accordance with the findings of a large study by Graff et al, who 
studied 318 IBD patients, and demonstrated that 49% of those 
with inactive disease had an abnormal PSQI score [26].

In 2013, Ali et al demonstrated that sleep quality was associated 
with disease activity, since the authors found that all patients with 
clinically active disease had sleep disturbances [15]. This fact of 
course could be attributed to some extent to other coexisting 
factors, such as pain, nocturnal diarrhea, presence of extraintestinal 
manifestations, stress associated with the disease activity, or even 
specific treatments for IBD, such as corticosteroids. Interestingly, 
they also demonstrated that an abnormal PSQI had a positive 
predictive value of 83% for histological inflammatory activity, 
even among patients with clinically inactive disease. However, 
it must be noted that in this study the number of patients with 
inactive disease was relatively small (18 patients) [15].

In the current study, 90  patients with IBD in clinical 
remission were enrolled and it was evident that abnormal PSQI 
was associated with the absence of mucosal healing as estimated 
with ileocolonoscopy. It was also demonstrated that patients 
with absence of mucosal healing had higher absolute PSQI 
values than patients with mucosal healing. Bearing in mind that 
the population under investigation was in clinical remission, this 
association cannot be attributed to IBD symptoms and was most 
probably associated with the effect of inflammatory cytokines, as 
discussed above. However, it cannot be safely concluded from this 
observation whether sleep disturbance precedes the emergence 
of mucosal lesions, or whether subclinical disease activity in 
terms of mucosal lesions is the cause of sleep disturbance.

Another interesting observation revealed by this study is that, 
in subgroup analysis for CD and UC separately, a statistically 
significant association between sleep quality and mucosal healing 
status was demonstrated for patients with CD in clinical remission 
and also that patients with absence of mucosal healing had higher 
absolute PSQI values than patients with mucosal healing. On the 
other hand, in patients with UC there was no association between 
sleep quality and mucosal healing status. A similar pattern was 
demonstrated by the large study of Ananthakrishnan et al, with 
3173 IBD patients, in which it was shown that patients with CD 
who reported sleep disturbances were at risk of clinically active 
disease within 6 months, but this association was not demonstrated 
for patients with UC [16]. The reason for this divergence between 
CD and UC cannot be adequately explained, but it must be 
kept in mind that although these two diseases share common 
characteristics and gene loci, they have different expression and 
follow different pathogenetic pathways. Furthermore, the fact 
that CD is a disease causing transmural inflammation, in contrast 
to UC, which is confined to the mucosa, may be associated with 
a different burden of inflammatory cytokines. Finally, it has been 
previously established that some environmental factors, such as 
smoking and a history of appendectomy, have different effects in 
CD and UC. Sleep quality may be another factor with different 
effects on these two diseases.

Regarding the limitations of this study, one major limitation 
is the fact that there was no estimation of depression with 
the use of any of the available questionnaires. Use of such 
questionnaires might lead to more unbiased results, since 
depression is a factor that is known to influence sleep quality 
and is also relatively common among IBD patients [27,28]. 
Nevertheless, information regarding medically diagnosed 
depression and depression treatment was ascertained during 
the acquisition of each patient’s history and was included in 
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mucosal healing
PSQI, Pittsburgh sleep quality index; CD, Crohn’s disease
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the multivariate analysis; however, no statistically significant 
association was found. A second limitation is the fact that no 
data were collected regarding extraintestinal manifestations that 
could also influence sleep quality, such as arthralgia or arthritis.

The results of our study have several implications, since 
it demonstrated that almost half of IBD patients in clinical 
remission have poor sleep quality, and also that in patients with 
CD, this poor sleep quality may be associated with subclinical 
mucosal disease activity. We believe that sleep disturbances may 
express an extraintestinal manifestation and that they should 
be addressed in our patients in everyday clinical practice. 
Moreover, in the case of CD, the presence of poor sleep quality 
estimated with the use of PSQI, which is an easy-to-use score, 
can act as an indirect indicator of subclinical disease activity. 
There is an emerging need for further research regarding the 
potentials of medical interventions targeting sleep disturbances 
in patients with IBD and their effect on the disease course.

References

1. Shoham S, Davenne D, Cady AB, Dinarello CA, Krueger JM. 
Recombinant tumor necrosis factor and interleukin 1 enhance slow-
wave sleep. Am J Physiol 1987;253:R142-R149.

2. Abad VC, Sarinas PS, Guilleminault C. Sleep and rheumatologic 
disorders. Sleep Med Rev 2008;12:211-228.

3. Majde JA, Krueger JM. Links between the innate immune system 
and sleep. J Allergy Clin Immunol 2005;116:1188-1198.

4. Karadağ O, Nakas D, Kalyoncu U, Akdoğan A, Kiraz S, Ertenli  I. 
Effect of anti-TNF treatment on sleep problems in ankylosing 
spondylitis. Rheumatol Int 2012;32:1909-1913.

5. Taylor-Gjevre RM, Gjevre JA, Nair BV, Skomro RP, Lim HJ. Improved 
sleep efficiency after anti-tumor necrosis factor α therapy in rheumatoid 
arthritis patients. Ther Adv Musculoskelet Dis 2011;3:227-233.

6. Vgontzas AN, Zoumakis E, Bixler EO, et al. Adverse effects of modest 
sleep restriction on sleepiness, performance, and inflammatory 
cytokines. J Clin Endocrinol Metab 2004;89:2119-2126.

7. Voderholzer U, Fiebich BL, Dersch R, et al. Effects of sleep deprivation 
on nocturnal cytokine concentrations in depressed patients and healthy 
control subjects. J Neuropsychiatry Clin Neurosci 2012;24:354-366.

8. Chennaoui M, Sauvet F, Drogou C, et al. Effect of one night of sleep 
loss on changes in tumor necrosis factor alpha (TNF-α) levels in 
healthy men. Cytokine 2011;56:318-324.

9. Frey DJ, Fleshner M, Wright KP Jr. The effects of 40 hours of total 
sleep deprivation on inflammatory markers in healthy young adults. 
Brain Behav Immun 2007;21:1050-1057.

10. Velazquez-Moctezuma J, Dominguez-Salazar E, Cortes-Barberena E, 
et al. Differential effects of rapid eye movement sleep deprivation 
and immobilization stress on blood lymphocyte subsets in rats. 
Neuroimmunomodulation 2004;11:261-267.

11. Tang Y, Preuss F, Turek FW, Jakate S, Keshavarzian A. Sleep 
deprivation worsens inflammation and delays recovery in a mouse 
model of colitis. Sleep Med 2009;10:597-603.

12. Peyrin-Biroulet L, Sandborn W, Sands BE, et al. Selecting 
therapeutic targets in inflammatory bowel disease (STRIDE): 
determining therapeutic goals for treat-to-target. Am J Gastroenterol 
2015;110:1324-1338.

13. Hashash JG, Ramos-Rivers C, Youk A, et al. Quality of sleep and 
coexistent psychopathology have significant impact on fatigue burden 
in patients with inflammatory bowel disease. J  Clin Gastroenterol 
[Epub ahead of print]. Doi: 10.1097/MCG.0000000000000729.

14. Ranjbaran Z, Keefer L, Farhadi A, Stepanski E, Sedghi S, Keshavarzian 
A. Impact of sleep disturbances in inflammatory bowel disease. 
J Gastroenterol Hepatol 2007;22:1748-1753.

15. Ali T, Madhoun MF, Orr WC, Rubin DT. Assessment of the relationship 
between quality of sleep and disease activity in inflammatory bowel 
disease patients. Inflamm Bowel Dis 2013;19:2440-2443.

16. Ananthakrishnan AN, Long MD, Martin CF, Sandler RS, 
Kappelman  MD. Sleep disturbance and risk of active disease in 
patients with Crohn’s disease and ulcerative colitis. Clin Gastroenterol 
Hepatol 2013;11:965-971.

17. Uemura R, Fujiwara Y, Iwakura N, et. Sleep disturbances in Japanese 
patients with inflammatory bowel disease and their impact on 
disease flare. Springerplus 2016;5:1792.

18. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The 
Pittsburgh Sleep Quality Index: a new instrument for psychiatric 
practice and research. Psychiatry Res 1989;28:193-213.

19. Kotronoulas GC, Papadopoulou CN, Papapetrou A, Patiraki E. 
Psychometric evaluation and feasibility of the Greek Pittsburgh 
Sleep Quality Index (GR-PSQI) in patients with cancer receiving 
chemotherapy. Support Care Cancer 2011;19:1831-1840.

20. Ranjbaran Z, Keefer L, Stepanski E, Farhadi A, Keshavarzian A. The 
relevance of sleep abnormalities to chronic inflammatory conditions. 
Inflamm Res 2007;56:51-57.

21. Sookoian S, Gemma C, Fernández Gianotti T, et al. Effects of rotating 
shift work on biomarkers of metabolic syndrome and inflammation. 
J Intern Med 2007;261:285-292.

22. Arnardottir ES, Mackiewicz M, Gislason T, Teff KL, Pack AI. 
Molecular signatures of obstructive sleep apnea in adults: a review 
and perspective. Sleep 2009;32:447-470.

23. Summa KC, Voigt RM, Forsyth CB, et al. Disruption of the circadian 
clock in mice increases intestinal permeability and promotes alcohol-
induced hepatic pathology and inflammation. PLoS One 2013;8:e67102.

24. Parekh PJ, Oldfield I EC, Challapallisri V, Ware JC, Johnson DA. 
Sleep disorders and inflammatory disease activity: chicken or the 
egg? Am J Gastroenterol 2015;110:484-488.

25. Zimmerman J. Extraintestinal symptoms in irritable bowel syndrome 
and inflammatory bowel diseases: nature, severity, and relationship to 
gastrointestinal symptoms. Dig Dis Sci 2003;48:743-749.

26. Graff LA, Vincent N, Walker JR, et al. A population-based study of 
fatigue and sleep difficulties in inflammatory bowel disease. Inflamm 
Bowel Dis 2011;17:1882-1889.

27. Ananthakrishnan AN, Khalili H, Pan A, et al. Association between 
depressive symptoms and incidence of Crohn’s disease and ulcerative 
colitis: results from the Nurses’ Health Study. Clin Gastroenterol 
Hepatol 2013;11:57-62.

28. Fuller-Thomson E, Sulman J. Depression and inflammatory bowel 
disease: findings from two nationally representative Canadian 
surveys. Inflamm Bowel Dis 2006;12:697-707.

Summary Box

What is already known:

• Inflammatory bowel disease (IBD) patients suffer 
more from sleep disorders than do normal controls

• Acute and chronic sleep deprivation can exacerbate 
colonic inflammation in IBD mouse models

• Inflammatory cytokines can affect the sleep‑wake 
cycle and induce sleep disorders

What the new findings are:

• Patients with Crohn’s disease showed a statistically 
significant association between sleep quality and 
mucosal healing status

• In patients with ulcerative colitis there was no 
association between sleep quality and mucosal 
healing status


