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Background: Sleep disturbances are common in patients with functional dyspepsia.
Our aim was to assess the relationship between subjective sleep and quality of life and
to identify factors associated with impaired sleep in functional dyspepsia.

Methods: One thousand two hundred and twenty patients referred for functional
gastrointestinal disorders at a single tertiary care center between end 2017 and
June 2019 were studied using a self-administered questionnaire. 355 patients with
Rome IV-based functional dyspepsia were identified. Sleep was assessed using both
the Pittsburgh Sleep Quality Index (PSQI) and the Insomnia Severity Index (ISI).
The severity of dyspeptic symptoms was assessed using the Total Symptom Score
(TSS). Quality of life was assessed by the GastroIntestinal Quality of Life Index
(GIQLI). Anxiety and depression levels were evaluated using the Hospital Anxiety and
Depression (HAD) scale.

Key Results: Among the 355 patients with functional dyspepsia, 66 (18.6%)
patients displayed normal sleep quality whereas 289 (81.4%) patients had altered
sleep quality. Functional dyspepsia patients with sleep disturbances were older
(48.1 ± 15.4 vs. 41.4 ± 16.0, p = 0.0009), had decreased quality of life (GIQLI:
75.3 ± 18.5 vs. 92.1 ± 15.4, p < 0.0001), greater severity of their symptoms (TSS:
18.9 ± 3.6 vs. 17.2 ± 3.9, p = 0.0007), and higher anxiety and depression scores
(HADS: 17.7 ± 7.2 vs. 11.9 ± 5.1, p < 0.0001). A correlation was found between
sleep quality and quality of life [r = −0.43 (95% CI: −0.51 to −0.34), p < 0.0001].
Independent factors predicting poor sleep quality were age [OR 1.03 (95% CI = 1.01–
1.05), p = 0.006], depression level [OR 1.27 (95% CI = 1.16–1.39); p < 0.0001], and
the severity of dyspeptic symptoms [OR 1.13 (95% CI = 1.04–1.22); p = 0.004].
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Conclusion and Inferences: A high prevalence of sleep disturbances was found in
patients suffering from functional dyspepsia, with 81% of them having altered sleep
quality and 61% having insomnia based on subjective assessment. Altered sleep quality
and insomnia were associated with altered quality of life, higher severity of symptoms,
and higher anxiety and depression scores in this disorder.

Keywords: disorder of gut-brain interaction, functional dyspepsia, insomnia, quality of life, sleep disorders

INTRODUCTION

Functional dyspepsia (FD) is a disorder of gut-brain interaction
(DGBI) affecting 7.2% of the general population in the Western
world (Sperber et al., 2021a), defined by upper digestive
complaints (epigastric pain and/or burning, early satiation,
and/or postprandial fullness) lasting for more than 6 months
with a negative workup according to the Rome committee
(Stanghellini et al., 2016). In the general population, sleep
disorders are frequent, are associated with upper and lower
gastrointestinal symptoms and predict impaired quality of life
(QoL) (Cremonini et al., 2009). They are known to be even
more frequent in patients with FD compared to controls (Fass
et al., 2000; Lu et al., 2005; Lacy et al., 2011; Futagami et al.,
2013a; Shimpuku et al., 2014; Li et al., 2018), affecting over half
of the patients in a recent meta-analysis (Andreev et al., 2021).
However, sleep disturbance is not independently associated with
functional dyspepsia in the general population (Vege et al.,
2004). Sleep disorders are associated with symptoms severity
and higher levels of anxiety and depression in FD patients
(Lacy et al., 2011; Futagami et al., 2013a). Overlap with irritable
bowel syndrome (IBS) with or without non-erosive reflux disease
even worsens sleep quality in FD patients (Futagami et al.,
2013b; Kim et al., 2018). Patients with FD symptoms also
experience more daytime sleepiness (Morito et al., 2014; Wu et al.,
2017). Impaired sleep impacts lives of patients with FD since it
reduces work productivity and worsens economic loss in those
patients (Matsuzaki et al., 2018). Finally, the presence of sleep
disturbances is prognostic since lower baseline sleep disturbance
was associated with improvement in dyspepsia scores over 3–
6 months in a recent cohort study (Singh et al., 2021). However,
the relationship between sleep disturbances and QoL has never
been investigated in FD patients to our knowledge.

Our aim was to assess Rome IV-based FD patients about
sleep quality and insomnia, to compare dyspeptic patients with
normal vs. altered sleep quality, to assess the relationship between
subjective sleep and QoL, and to identify factors associated with
altered sleep quality and insomnia in functional dyspepsia.

Abbreviations: BMI, body mass index; CI, confidence interval; DGBI, disorders
of gut-brain interaction; EPS, epigastric pain syndrome; FD, functional
dyspepsia; GERD, gastroesophageal reflux disease; GI, gastrointestinal; GIQLI,
gastrointestinal quality of life index; HAD, Hospital Anxiety and Depression;
HADS, HAD scale; HADS-A, HADS anxiety subscale; HADS-D, HADS depression
subscale; IBS, irritable bowel syndrome; ISI, insomnia severity index; OR, odds
ratio; PDS, postprandial distress syndrome; PSQI, Pittsburgh Sleep Quality Index;
QoL, quality of life; SD, standard deviation; TSS, Total Symptom Score.

MATERIALS AND METHODS

This study is based on retrospective analysis of prospectively
acquired data from Rouen University Hospital. All patients
had given written informed consent for data to be recorded
and used for research, in accordance with the Declaration
of Helsinki as revised in 2013 (World Medical Association
[WMA], 2013). Approval was obtained from the French data
protection authority (Commission Nationale de l’Informatique
et des Libertés, CNIL No 817.917), in compliance with French
legislation. Ethical approval for the analysis of the data was
obtained (CERNI No E2021-45).

Patients
We analyzed retrospectively all patients referred to our center
for DGBI between December 2017 and June 2019 and who
completed a self-administered questionnaire. The medical
records were reviewed to exclude patients with organic illnesses
(diabetes mellitus, coeliac disease, inflammatory bowel disease,
history of surgery of the upper gastrointestinal tract, H. pylori
gastritis). Duplicates were also excluded. Only patients fulfilling
Rome IV criteria for functional dyspepsia were kept for analysis.

Diagnostic Criteria and Assessment of
Patients’ Characteristics
Functional dyspepsia and its subtypes, postprandial distress
syndrome (PDS) and epigastric pain syndrome (EPS), as well
as IBS were defined according to Rome IV criteria (Lacy
et al., 2016; Stanghellini et al., 2016). Post-infectious origin to
dyspeptic complaints was evaluated by asking for an episode
of acute gastroenteritis during the month preceding the onset
of symptoms (Parkman et al., 2010). Eight dyspeptic symptoms
(postprandial fullness, abdominal pain, bloating, regurgitations,
nausea, early satiety, belching, and vomiting) were collected using
a 5-points Likert scale. Symptoms were graduated from 0 to
4 for the last 15 days, with 0 corresponding to absence and 4
to extremely severe. A Total Symptom Score (TSS) was used to
evaluate dyspeptic symptoms severity (McCallum et al., 2005)
and was calculated by adding the eight individual symptoms’
scores. The score ranges from 0 to 32, with higher scores
reflecting more severe symptoms. Patients were also asked to
report the duration of their dyspeptic symptoms (postprandial
fullness, early satiation, and epigastric pain/burning). The
GastroIntestinal Quality of Life Index (GIQLI), a validated score
in French (Slim et al., 1999), was used to measure QoL. This
score is composed of 36 items concerning symptoms, physical
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state, emotions, and social impact. The items are related to 5
dimensions: symptoms (19 items), physical function (7 items),
emotional function (5 items), social integration (4 items), and
the effect of any medical treatment (1 item). The global score
ranges from 0 to 144; the higher the score is, the better is the
QoL. Gastro-esophageal reflux (GER) symptoms were defined as
feeling heartburn, regurgitations, or chest pain at least 2 times
per week for more than 6 months. Anxiety and depression levels
were also assessed, using the Hospital Anxiety Depression Scale
(HADS) and its subscales (Zigmond and Snaith, 1983). Each
subscale includes 7 items scored from 0 to 3: the higher the score,
the higher the anxiety or depression levels. Patients were asked
to self-report chronic fatigue. Gastric emptying was assessed by
13C-octanoic acid breath testing in a subgroup of patients, with
the protocol of the study being explained in detail elsewhere
(Wuestenberghs et al., 2019). A cut-off for half-emptying time of
166 min was used to discriminate patients with delayed gastric
emptying (Bromer et al., 2002).

Evaluation of Sleep
Sleep was assessed using the Pittsburgh Sleep Quality Index
(PSQI) (Buysse et al., 1989) and the Insomnia Severity Index (ISI)
(Bastien et al., 2001) questionnaires. The PSQI score ranges from
0 to 21; the higher the score, worse the sleep quality. Altered
sleep quality was defined as a PSQI greater than five (89.6%
sensitivity and 86.5% specificity) (Buysse et al., 1989). The ISI
score is composed of 7 component scores, each weighted 0 to 3
points. Insomnia was defined as an ISI score greater or equal to
ten (86.1% sensitivity and 87.7% specificity) (Morin et al., 2011).
Different categories were individualized based on the results:
no clinically significant insomnia for 0–7 points, subthreshold
insomnia for 8–14 points, clinical insomnia (moderate severity)
for 15–21 points, and clinical insomnia (severe) for 22–28 points.

Study Design and Statistical Analysis
Consecutive patients with dyspeptic complaints were screened
for FD according to Rome IV criteria. After descriptive statistics
of the entire population, FD patients with normal and altered
sleep quality according to the PSQI threshold were compared
for their characteristics, QoL, and anxiety-depression scores.
The same analyses were performed concerning insomnia, using
the ISI results. Quantitative data were expressed by mean and
standard deviation, and compared between subgroups using a
non-gaussian unpaired t-test (Mann-Whitney test). Qualitative
variables were for their part compared using Fisher’s exact test.
Multiple groups comparisons were performed using Kruskal-
Wallis test with Dunn’s multiple comparison post-test to compare
all pairs of columns. The correlation between sleep quality
expressed by the PSQI and quantitative variables (GIQLI, TSS,
body mass index (BMI), HADS. . .) was determined using the
Pearson correlation coefficient.

Finally, additional analyses included the search for factors
associated with altered sleep quality and insomnia and analyzing
the influence of gastric emptying in a subgroup of patients.
A multivariate binary logistic regression model was used
to identify factors associated with altered sleep quality and
with insomnia, using backward Wald stepwise selection (entry

probability 0.05 and removal probability 0.10). Adjusted odds
ratios (OR) and their 95% confidence intervals (CI) were
calculated. "altered sleep quality" and "insomnia" were used as the
dependent variables, and age, BMI, duration of FD symptoms,
gender, HADS-A and HADS-D subscales, overlap with IBS,
smoking and TSS score were used as independent variables. Two-
tailed p-values < 0.05 were considered statistically significant.

The data were extracted on spreadsheets using Microsoft
Excel 365 for Windows (version 1903) and were analyzed using
GraphPad Prism version 5.03 for Windows (GraphPad Software
Inc., San Diego, CA, United States)1, except multivariate analysis
which was performed using SPSS software version 20.0.0 (IBM
Corp. Released 2013. IBM SPSS Statistics for Windows, Version
20.0. Armonk, NY: IBM Corp).

RESULTS

Patient Characteristics
One thousand two hundred and twenty patients referred during
the study period were screening for inclusion. After excluding
duplicates (n = 114) and patients not fulfilling Rome IV criteria
for functional dyspepsia (n = 751), a total of 355 (29.1%) patients
were analyzed. Among them, 227 (63.9%) patients had PDS
subtype, 41 (11.6%) EPS subtype, and 87 (24.5%) PDS + EPS
overlap. A female predominance was present (76.6%). Mean
age of the patients was 46.9 ± 15.7 years. Mean duration of
FD symptoms was 6.4 ± 8.3 years. Overlaps with IBS and
GER symptoms were present in 159 (44.8%) and 181 (51.0%)
patients, respectively. Clinical and demographic characteristics of
the overall population are presented in Table 1.

Altered sleep quality was present in 289 (81.4%) of the patients
while insomnia was present in 215 (60.6%) of the patients. A total
of 117 patients had taken at least one sleeping pill over the
past month, whose 76 took sleep pills regularly. Chronic fatigue
was self-reported by 139 patients (39.2%), with 92.8% of them
presenting poor sleep quality compared to 74.1% of those without
this complaint [OR 4.52 (95% CI = 2.22–9.20), p < 0.0001].
Detailed characteristics of subjective sleep in our population are
presented in Table 2.

Comparison Between Patients With and
Without Sleep Quality Impairment
Functional dyspepsia patients with altered sleep quality were
older, had impaired QoL, greater severity of their symptoms,
and higher anxiety and depression score. On the contrary,
BMI, gender, smoking, duration of FD symptoms, FD subtypes
distribution, and overlap with IBS, the reporting of GER
symptoms and gastric emptying rate were the same in both
groups. Results are detailed in Table 3.

A correlation was found between sleep quality and QoL
[r = −0.43 (95% CI: −0.51 to −0.36), p < 0.0001], each
deterioration of one point in sleep quality assessed by the global
PSQI being associated with a decrease of 0.43 point of QoL
assessed by the GIQLI. Other parameters correlated with the

1www.graphpad.com
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TABLE 1 | Patient characteristics of the overall population.

Patients
(n = 355)

Median age, years (range) 47 (18–83)

Mean BMI, kg.m−2 (± SD) 24.1 (± 5.2)

Sex ratio Male/Female (% women) 0.3 (76.6)

Smoking, n (%) 60 (16.9)

IBS, n (%) 159 (44.8)

Any GER symptom, n (%) 181 (51.0)

Gastric half-emptying time, minutes (± SD)* 164.4 (± 59.0)

Delayed gastric emptying, n (%)* 31 (39.7)

Median duration of FD symptoms, months (range) 36 (7–720)

TSS, mean score (± SD) 18.6 (± 3.7)

GIQLI, mean score (± SD)
and its domains:
Symptoms, mean score (± SD)
Physical function, mean score (± SD)
Emotional function, mean score (± SD)
Social function, mean score (± SD)
Treatment, mean score (± SD)

78.4 (± 19.1)
44.4 (± 8.8)
11.4 (± 5.9)
10.0 (± 4.3)
9.4 (± 4.1)
3.2 (± 1.2)

HADS, mean score (± SD)
HADS-A, mean subscale (± SD)
HADS-D, mean subscale (± SD)

16.6 (± 7.2)
9.9 (± 4.2)
6.7 (± 4.1)

BMI, body mass index; EPS, epigastric pain syndrome; FD, functional dyspepsia;
GER, gastro-esophageal reflux; GIQLI, gastrointestinal quality of life index;
HADS, Hospital Anxiety Depression Scale; HADS-A and HADS-D, HADS Anxiety
and Depression subscales, respectively; IBS, Irritable Bowel Syndrome; n,
number; PDS, postprandial distress syndrome; SD, standard deviation; TSS,
Total Symptom Score.
* Only available for a subgroup of 78 (22.0%) patients.

TABLE 2 | Detailed characteristics of subjective sleep in the overall population.

Patients
(n = 355)

Global PSQI, mean score (± SD) 8.9 (± 3.8)

PSQI component scores:
Subjective sleep quality, mean score (± SD)
Sleep latency, mean score (± SD)
Sleep duration, mean score (± SD)
Habitual sleep efficiency, mean score (± SD)
Sleep disturbances, mean score (± SD)
Use of sleeping medication, mean score (± SD)
Daytime dysfunction, mean score (± SD)

1.6 (± 0.7)
1.7 (± 1.0)
1.0 (± 0.8)
1.0 (± 1.1)
1.6 (± 0.6)
0.8 (± 1.2)
1.2 (± 0.9)

Altered sleep quality (PSQI > 5), n (%) 289 (81.4)

ISI, mean score (± SD) 11.7 (± 6.3)

Categories of insomnia:
No clinically significant insomnia, n (%)
Subthreshold insomnia, n (%)
Clinical insomnia (moderate severity), n (%)
Clinical insomnia (severe), n (%)

108 (30.4)
126 (35.5)
100 (28.2)
21 (5.9)

Insomnia (ISI ≥ 10), n (%) 215 (60.6)

ISI, insomnia severity index; n, number; PSQI, Pittsburgh sleep quality index; SD,
standard deviation.

sleep quality were age, BMI, anxiety and depression scales (HADS
and its subscales), and symptoms severity assessed by the TSS
(r = 0.21, 0.017, 0.37, and 0.16, respectively, all with p< 0.05), but
not the duration of FD symptoms or the gastric half-emptying
time (r = 0.29 and 0.20, respectively). Results are detailed in
Supplementary Table 1 and depicted in Figure 1.

Comparison Between Patients With and
Without Insomnia
Functional dyspepsia patients with insomnia had impaired QoL,
greater severity of their symptoms, and higher anxiety and
depression scores. On the contrary, age, BMI, gender, smoking,
and duration of FD symptoms, FD subtypes distribution,
overlap with IBS and the reporting of GER symptoms were
the same in both subgroups, except chest pain which was
more frequent in those with insomnia. Results are detailed in
Supplementary Table 2.

Pittsburgh sleep quality index and Insomnia severity index
scores are highly correlated [r = −0.41 (95% CI: −0.50
to −0.32), p < 0.0001]. Only 1 (0.5%) patient displayed
insomnia without altered sleep quality among all patients
presenting insomnia, whereas 79 (27.3%) patients displayed
altered sleep quality without insomnia among all patients
presenting altered sleep quality.

Factors Predicting Altered Sleep Quality
and Insomnia in Functional Dyspepsia
Patients
In multivariate analysis, predictive factors of poor sleep quality
were age [OR 1.03 (95% CI = 1.01–1.05), p = 0.006], depression
level assessed by the HADS-D subscale [OR 1.27 (95% CI = 1.16–
1.39); p < 0.0001] and the severity of dyspeptic symptoms
assessed by the TSS [OR 1.13 (95% CI = 1.04–1.22); p = 0.004],
while other factors (BMI, duration of the symptoms, gender,
HADS-A, overlap with IBS and smoking) were not. The model
combining age, depression score and symptom severity score
correctly predicted poor sleep quality in 82.5% of the cases.
Results are shown in Table 4A.

Independent predictive factors of insomnia in our cohort
were anxiety and depression levels assessed by the HADS-A
and HADS-D subscales, respectively [OR 1.09 (95% CI = 1.02–
1.16); p = 0.01 & OR 1.15 (95% CI = 1.07–1.24); p < 0.0001,
respectively], while other factors (BMI, duration of the
symptoms, gender, HADS-A, overlap with IBS, severity of
dyspeptic symptoms and smoking) were not. Results are shown
in Table 4B.

DISCUSSION

We confirm the high prevalence of sleep disturbances in FD
patients, with 81% of patients having altered sleep quality based
on subjective assessment and 61% having insomnia. We show for
the first time to our knowledge an association between altered
sleep quality or insomnia and altered QoL in FD patients. We
also confirm that altered sleep quality is associated with higher
symptom severity and higher anxiety and depression scores
in FD. Same results were obtained both using PSQI and ISI
scores, considering that both scores were highly correlated. Our
distribution pattern of FD subtypes is the same as reported in
the literature (Aziz et al., 2018). We confirm that sleep quality
is comparable among the 3 subtypes of FD (PDS, EPS, and
PDS + EPS), as already shown by Yamawaki et al. (2014).
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TABLE 3 | Comparison of FD patients with normal vs. altered sleep quality.

Normal sleep quality
(n = 66)

Altered sleep quality
(n = 289)

p-Value

Mean age, years (± SD) 41.4 (± 16.0) 48.1 (± 15.4) 0.0009

Mean BMI, kg.m−2 (± SD) 23.2 (± 4.4) 24.3 (± 5.3) 0.11

Sex ratio Male/Female (% women) 0.3 (77.3) 0.3 (76.5) > 0.99

Smoking, n (%) 7 (10.6) 53 (18.3) 0.2

IBS, n (%) 32 (48.5) 127 (43.9) 0.6

Any reflux symptom, n (%) 33 (50.0) 148 (51.2) 0.9

Gastric half-emptying time, minutes (± SD)* 152.8 (± 37.9) 166.5 (± 61.8) 0.5

Delayed gastric emptying, n (%)* 4 (33.3) 27 (40.9) 0.8

Mean duration of FD symptoms, months (± SD) 65.6 (± 90.3) 78.6 (± 101.8) 0.3

TSS, mean score (± SD) 17.2 (± 3.9) 18.9 (± 3.6) 0.0007

GIQLI, mean score (± SD)
GIQLI domains:
Symptoms, mean score (± SD)
Physical function, mean score (± SD)
Emotional function, mean score (± SD)
Social function, mean score (± SD)
Treatment, mean score (± SD)

92.1 (± 15.4)
48.2 (± 8.1)
15.7 (± 5.1)
12.2 (± 3.6)
11.6 (± 3.4)
3.5 (± 1.0)

75.3 (± 18.5)
43.9 (± 8.7)
10.8 (± 5.8)
9.7 (± 4.3)
9.1 (± 4.1)
3.2 (± 1.2)

< 0.0001
0.004

< 0.0001
0.0003
0.0001
0.08

HADS, mean score (± SD)
HADS-A, mean subscale (± SD)
HADS-D, mean subscale (± SD)

11.9 (± 5.1)
7.8 (± 3.5)
4.1 (± 2.9)

17.7 (± 7.2)
10.4 (± 4.3)
7.3 (± 4.1)

< 0.0001
< 0.0001
< 0.0001

Global PSQI, mean score (± SD) 3.9 (± 1.0) 10.1 (± 3.3) < 0.0001

Altered sleep quality (PSQI > 5), n (%) 0 (0.0) 289 (100.0) < 0.0001

ISI, mean score (± SD) 4.5 (± 3.2) 13.4 (± 5.7) < 0.0001

Insomnia (ISI ≥ 10), n (%) 5 (7.6) 210 (72.7) < 0.0001

BMI, body mass index; EPS, epigastric pain syndrome; FD, functional dyspepsia; GIQLI, gastrointestinal quality of life index; HADS, Hospital Anxiety Depression Scale,
HADS-A and HADS-D, HADS Anxiety and Depression subscales, respectively; IBS, irritable bowel syndrome; ISI, insomnia severity index; n, number; PDS, postprandial
distress syndrome; PSQI, Pittsburgh sleep quality index; SD, standard deviation; TSS, Total Symptom Score.
* Only available for a subgroup of 78 (22.0%) patients.

FIGURE 1 | Correlation between the global PSQI and (A) the GIQLI and (B) the TSS, with the regression line best predicting the model and its 95% confidence band
in both cases.

The prevalence of IBS in our FD population was 45%, which
corresponds to the pooled prevalence of 37% (95% CI = 30–45%)
reported in a recent meta-analysis (Ford et al., 2010).

An increased prevalence of sleep disturbances compared to
healthy subjects is found in most studies concerning FD patients
(Fass et al., 2000; Lu et al., 2005; Lacy et al., 2011; Futagami et al.,
2013a; Shimpuku et al., 2014; Li et al., 2018) but is not consensual
for IBS (Kim et al., 2018; Koloski et al., 2021). However,
the prevalence varies greatly among studies, depending on the
definition used and the specific sleep disorder which is studied.
Indeed, the International Classification of Sleep Disorders-third
edition (ICSD-3) includes 83 disorders divided into seven main
categories, with the major disorder being insomnia (Sateia,

2014). The prevalence of sleep disturbances in patients with
FD was 53.2% (95% CI = 37.7–68.4) in a recent meta-analysis
(Andreev et al., 2021), with significant heterogeneity between the
results (p < 0.0001). Sleep disorders were more frequent in FD
patients compared to healthy controls, with an odds ratio of 2.9
(95% CI = 2.5–3.3).

Patients suffering from FD have decreased QoL (El-Serag
and Talley, 2003). Known risk factors for impaired health-
related QoL in FD areanxiety and depression (Haag et al., 2008),
increasing age (Hantoro et al., 2018), female gender (Talley et al.,
2006), greater symptom severity (Haag et al., 2008), low-to-mid
educational level (Hantoro et al., 2018), and somatization (Van
Oudenhove et al., 2011), greater overlap with other disorders of
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TABLE 4A | Multivariate binary logistic regression model of factors predicting
altered sleep quality in FD patients.

B SE OR 95% CI p-Value

Age 0.03 0.01 1.03 1.01–1.05 0.006

HADS-D 0.24 0.05 1.27 1.16–1.39 < 0.0001

TSS 0.12 0.04 1.13 1.04–1.22 0.004

Constant −3.17 0.89 0.04 < 0.0001

B, unstandardized regression coefficient; CI, confidence interval; HADS-D, Hospital
Anxiety Depression Scale – Depression subscale; OR, odds ratio; SE, standard
error; TSS, Total Symptom Score.

TABLE 4B | Multivariate binary logistic regression model of factors predicting
insomnia in FD patients.

B SE OR 95% CI p-Value

HADS-A 0.08 0.03 1.09 1.02–1.16 0.01

HADS-D 0.14 0.04 1.15 1.07–1.24 < 0.0001

TSS 0.10 0.03 1.11 1.04–1.18 0.002

Constant −3.11 0.67 0.05 < 0.0001

B, unstandardized regression coefficient; CI, confidence interval; HADS-A,
Hospital Anxiety Depression Scale – Anxiety subscale; HADS-D, Hospital Anxiety
Depression Scale – Depression subscale; OR, odds ratio; SE, standard error; TSS,
Total Symptom Score.

gut-brain interaction (Sperber et al., 2021b), . . . but not gastric
emptying (Talley et al., 2006; Haag et al., 2010). Interestingly,
amitriptyline has been shown to modestly improve quality of
sleep in dyspeptic patients (Herrick et al., 2018). Since we found
a correlation between QoL and sleep quality in our cohort, sleep
determinants should be considered among factors associated with
QoL in this disorder. Furthermore, especially since altered sleep
quality and/or insomnia are associated with altered QoL in FD
patients, sleep could represent a target in future clinical trials
in this disorder. Indeed, altered sleep quality has been shown
to have a negative effect on the prognosis of FD (Yu et al.,
2013; Chen et al., 2016; Singh et al., 2021). Recently, a non-
randomized trial involving 20 patients suggested that adding
sleep aids could improve gastrointestinal symptoms and QoL in
FD patients (Nakamura et al., 2021).

Mechanisms underlying the association between FD and
altered sleep are poorly understood but are probably complex.
Knowing if sleep disturbances are responsible for the occurrence
of FD or is a consequence of the disorder is debated
(Maneerattanaporn and Chey, 2009). Interestingly, difficulty
falling asleep and altered sleep associated with worsening
symptoms were independent risk factors for dyspepsia in a
community-based cohort (Gathaiya et al., 2009), together with
somatization. It is logical to assume that digestive complaints
could interact with sleep induction or continuation but altered
sleep could also increase symptoms’ perception by patients.
Indeed, sleep deprivation has been shown to decrease pain
thresholds in healthy volunteers (Onen et al., 2001). Altered sleep
could therefore exacerbate digestive complaints in these patients.
This vicious circle could explain the association between altered
sleep quality and higher symptoms severity that we found in our
work. Independent factors predicting altered sleep quality in FD

patients in our study were age, depression levels and symptoms
severity. Gastro-esophageal reflux disease (GERD) is the most
frequently reported factor involved in the pathogenesis of sleep
alterations in FD. Indeed, sleep alterations tend to be aggravated
by heartburn and regurgitation (Vakil et al., 2016), and an
antisecretory drug being shown to improve sleep in FD patients
(Futagami et al., 2013a). Furthermore, patients with GERD
overlapping with FD have more altered sleep quality compared
to those with GERD alone (Lei et al., 2019). Gastroesophageal
reflux can awake patients or delay them falling asleep, but can
also induce brief arousals leading to fragmented sleep (Lacy et al.,
2011). We didn’t confirm a link between GERD and altered
sleep in our study, probably because only GER symptoms were
assessed and not GERD. Moreover, the pathophysiology of sleep
disturbances has been shown to involve alterations in rapid eye
movement sleep (Kumar et al., 1992) and the autonomic nervous
system (Jarrett et al., 2008) in IBS; whether it is the same in FD
remains to be determined. No relationship was found between
sleep quality and gastric emptying rate in FD patients in our
study, confirming the results of Futagami et al. (2013a). This
is explained by the absence of effect of gastric emptying on
esophageal acid exposure (Gourcerol et al., 2013). Age seems
not to explain the association between FD and altered sleep
since there is no association between age and sleep quality in
the general population (Hinz et al., 2017). However, we found
sleep disturbances to be associated with older age in our cohort.
The presence of an overlap with other DGBI could also play a
role since patients with overlapping FD-IBS have greater sleep
quality impairment compared to those with FD alone (Kim et al.,
2018). In addition, we did not find a correlation between the
duration of FD symptoms and the quality of sleep. However,
we found an association between sleep disturbances and greater
severity of FD symptoms. Similarly, a Chinese study found that
FD patients who had sleep disorders had a higher morbidity
rate than those who suffered from IBS or functional constipation
(Zhao et al., 2018). Sleep disorders were already shown to be more
frequent in refractory FD compared to non-refractory disease
(Jiang et al., 2015). Finally, other psychological factors, like
anxiety, depression and somatization, could also participate in
the induction of sleep disturbances. Interestingly, a discrepancy
between objective and subjective assessments of sleep quality has
been reported in IBS patients, suggesting altered sleep perception
in this disorder (Elsenbruch et al., 1999).

Limitations of our work include that it is retrospective,
monocentric, and from a tertiary center. Furthermore, we used
a convenience cohort, which could not be representative of
the entire FD population. GERD was not screened since no
esophageal pH monitoring was performed; only GER symptoms
are reported in our work. Use of sleep medication was not
recorded and we did not have a control group composed of
healthy volunteers to compare our results with. Gastric emptying
was only assessed in a subgroup of patients, with likely a selection
bias. Somatization was not assessed even if it could partly explain
the association between FD and sleep dysfunction (Gathaiya
et al., 2009). Another limitation is the use of self-reported sleep
quality, using a questionnaire, instead of objective measures
like polysomnography or actigraphy. Furthermore, the PSQI
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is known to be influenced by psychological factors, especially
depression state (Buysse et al., 1989). Higher anxiety and
depression levels in our population could therefore exacerbate
erroneously the association between sleep disturbances and QoL.

CONCLUSION

Most of the patients with FD experience sleep disturbances,
with altered sleep quality and insomnia in 81 and 61% of
them, respectively. Altered quality of sleep and/or insomnia are
associated with altered QoL, higher severity of symptoms and
higher anxiety and depression scores in this disorder. Older age,
higher depression scores and severity of dyspeptic symptoms
predict altered quality of sleep in FD patients.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material; further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by CERNI (Comité d’Éthique de la Recherche Non-
interventionnelle), Rouen University Hospital, Rouen, France.
The patients/participants provided their written informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS

GG and FW were involved in acquisition of data, designed the
study, contributed to analysis and interpretation of data, and
drafted the manuscript. A-ML, CD, CM, GG, MN, and FW
were provided critical revision of the manuscript for important
intellectual content. All authors contributed to manuscript
revision, read, and approved the submitted version.

FUNDING

FW received support from the Fondation Mont-Godinne (Yvoir,
Belgium) in 2018.

ACKNOWLEDGMENTS

The authors are indebted to Gregory Mosni (from the
Department of Physiology, Rouen University Hospital, Rouen,
France) for technical help and data collection.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnins.
2022.829916/full#supplementary-material

REFERENCES
Andreev, D. N., Kucheryavy, Y. A., and Mayev, I. V. (2021). The prevalence

and risk of sleep disorders in patients with functional dyspepsia: a meta-
analysis. Zh. Nevrol. Psikhiatr. Im. S S Korsakova 121, 26–30. doi: 10.17116/
jnevro202112101126

Aziz, I., Palsson, O. S., Tornblom, H., Sperber, A. D., Whitehead, W. E., and
Simren, M. (2018). Epidemiology, clinical characteristics, and associations for
symptom-based Rome IV functional dyspepsia in adults in the USA, Canada,
and the UK: a cross-sectional population-based study. Lancet Gastroenterol.
Hepatol. 3, 252–262. doi: 10.1016/S2468-1253(18)30003-7

Bastien, C. H., Vallieres, A., and Morin, C. M. (2001). Validation of the Insomnia
Severity Index as an outcome measure for insomnia research. Sleep Med. 2,
297–307. doi: 10.1016/s1389-9457(00)00065-4

Bromer, M. Q., Kantor, S. B., Wagner, D. A., Knight, L. C., Maurer, A. H.,
and Parkman, H. P. (2002). Simultaneous measurement of gastric emptying
with a simple muffin meal using [13C]octanoate breath test and scintigraphy
in normal subjects and patients with dyspeptic symptoms. Dig. Dis. Sci. 47,
1657–1663. doi: 10.1023/a:1015856211261

Buysse, D. J., Reynolds, C. F. III., Monk, T. H., Berman, S. R., and Kupfer, D. J.
(1989). The Pittsburgh Sleep Quality Index: a new instrument for psychiatric
practice and research. Psychiatry Res. 28, 193–213. doi: 10.1016/0165-1781(89)
90047-4

Chen, Y., Wang, C., Wang, J., Zheng, L., Liu, W., Li, H., et al. (2016). Association
of psychological characteristics and functional dyspepsia treatment outcome: a
case-control study. Gastroenterol. Res. Pract. 2016:5984273. doi: 10.1155/2016/
5984273

Cremonini, F., Camilleri, M., Zinsmeister, A. R., Herrick, L. M., Beebe, T., and
Talley, N. J. (2009). Sleep disturbances are linked to both upper and lower

gastrointestinal symptoms in the general population. Neurogastroenterol. Motil.
21, 128–135. doi: 10.1111/j.1365-2982.2008.01181.x

Elsenbruch, S., Harnish, M. J., and Orr, W. C. (1999). Subjective and objective
sleep quality in irritable bowel syndrome. Am. J. Gastroenterol. 94, 2447–2452.
doi: 10.1111/j.1572-0241.1999.01374.x

El-Serag, H. B., and Talley, N. J. (2003). Health-related quality of life in functional
dyspepsia. Aliment. Pharmacol. Ther. 18, 387–393.

Fass, R., Fullerton, S., Tung, S., and Mayer, E. A. (2000). Sleep
disturbances in clinic patients with functional bowel disorders. Am.
J. Gastroenterol. 95, 1195–2000. doi: 10.1111/j.1572-0241.2000.0
2009.x

Ford, A. C., Marwaha, A., Lim, A., and Moayyedi, P. (2010). Systematic review and
meta-analysis of the prevalence of irritable bowel syndrome in individuals with
dyspepsia. Clin. Gastroenterol. Hepatol. 8, 401–409. doi: 10.1016/j.cgh.2009.
07.020

Futagami, S., Yamawaki, H., Izumi, N., Shimpuku, M., Kodaka, Y., Wakabayashi,
T., et al. (2013a). Impact of sleep disorders in Japanese patients with functional
dyspepsia (FD): nizatidine improves clinical symptoms, gastric emptying and
sleep disorders in FD patients. J. Gastroenterol. Hepatol. 28, 1314–1320. doi:
10.1111/jgh.12236

Futagami, S., Yamawaki, H., Shimpuku, M., Izumi, N., Wakabayashi, T., Kodaka,
Y., et al. (2013b). Impact of coexisting irritable bowel syndrome and non-
erosive reflux disease on postprandial abdominal fullness and sleep disorders
in functional dyspepsia. J. Nippon Med. Sch. 80, 362–370. doi: 10.1272/jnms.
80.362

Gathaiya, N., Locke, G. R. III., Camilleri, M., Schleck, C. D., Zinsmeister, A. R.,
and Talley, N. J. (2009). Novel associations with dyspepsia: a community-
based study of familial aggregation, sleep dysfunction and somatization.
Neurogastroenterol. Motil. 21, 922–e69. doi: 10.1111/j.1365-2982.2009.01320.x

Frontiers in Neuroscience | www.frontiersin.org 7 February 2022 | Volume 16 | Article 829916

https://www.frontiersin.org/articles/10.3389/fnins.2022.829916/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnins.2022.829916/full#supplementary-material
https://doi.org/10.17116/jnevro202112101126
https://doi.org/10.17116/jnevro202112101126
https://doi.org/10.1016/S2468-1253(18)30003-7
https://doi.org/10.1016/s1389-9457(00)00065-4
https://doi.org/10.1023/a:1015856211261
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1155/2016/5984273
https://doi.org/10.1155/2016/5984273
https://doi.org/10.1111/j.1365-2982.2008.01181.x
https://doi.org/10.1111/j.1572-0241.1999.01374.x
https://doi.org/10.1111/j.1572-0241.2000.02009.x
https://doi.org/10.1111/j.1572-0241.2000.02009.x
https://doi.org/10.1016/j.cgh.2009.07.020
https://doi.org/10.1016/j.cgh.2009.07.020
https://doi.org/10.1111/jgh.12236
https://doi.org/10.1111/jgh.12236
https://doi.org/10.1272/jnms.80.362
https://doi.org/10.1272/jnms.80.362
https://doi.org/10.1111/j.1365-2982.2009.01320.x
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-16-829916 February 7, 2022 Time: 12:19 # 8

Wuestenberghs et al. Sleep in Functional Dyspepsia

Gourcerol, G., Benanni, Y., Boueyre, E., Leroi, A. M., and Ducrotte, P. (2013).
Influence of gastric emptying on gastro-esophageal reflux: a combined pH-
impedance study. Neurogastroenterol. Motil. 25, 800–e634. doi: 10.1111/nmo.
12181

Haag, S., Senf, W., Häuser, W., Tagay, S., Grandt, D., Heuft, G., et al. (2008).
Impairment of health-related quality of life in functional dyspepsia and chronic
liver disease: the influence of depression and anxiety. Aliment. Pharmacol. Ther.
27, 561–571. doi: 10.1111/j.1365-2036.2008.03619.x

Haag, S., Senf, W., Tagay, S., Heuft, G., Gerken, G., Talley, N. J., et al. (2010).
Is there any association between disturbed gastrointestinal visceromotor
and sensory function and impaired quality of life in functional dyspepsia?
Neurogastroenterol. Motil. 22, 262–e79. doi: 10.1111/j.1365-2982.2009.01415.x

Hantoro, I. F., Syam, A. F., Mudjaddid, E., Setiati, S., and Abdullah, M. (2018).
Factors associated with health-related quality of life in patients with functional
dyspepsia. Health Qual. Life Outcomes 16:83. doi: 10.1186/s12955-018-0913-z

Herrick, L. M., Camilleri, M., Schleck, C. D., Zinsmeister, A. R., Saito, Y. A., and
Talley, N. J. (2018). Effects of amitriptyline and escitalopram on sleep and
mood in patients with functional dyspepsia. Clin. Gastroenterol. Hepatol. 16,
401–406.e2. doi: 10.1016/j.cgh.2017.10.021

Hinz, A., Glaesmer, H., Brahler, E., Loffler, M., Engel, C., Enzenbach, C., et al.
(2017). Sleep quality in the general population: psychometric properties of the
Pittsburgh Sleep Quality Index, derived from a German community sample of
9284 people. Sleep Med. 30, 57–63. doi: 10.1016/j.sleep.2016.03.008

Jarrett, M. E., Burr, R. L., Cain, K. C., Rothermel, J. D., Landis, C. A., and
Heitkemper, M. M. (2008). Autonomic nervous system function during sleep
among women with irritable bowel syndrome. Dig. Dis. Sci. 53, 694–703. doi:
10.1007/s10620-007-9943-9

Jiang, S. M., Jia, L., Lei, X. G., Xu, M., Wang, S. B., Liu, J., et al. (2015).
Incidence and psychological-behavioral characteristics of refractory functional
dyspepsia: a large, multi-center, prospective investigation from China. World J.
Gastroenterol. 21, 1932–1937. doi: 10.3748/wjg.v21.i6.1932

Kim, S. Y., Choung, R. S., Lee, S. K., Choe, J. W., Jung, S. W., Hyun, J. J., et al. (2018).
Self-reported sleep impairment in functional dyspepsia and irritable bowel
syndrome. J. Neurogastroenterol. Motil. 24, 280–288. doi: 10.5056/jnm17098

Koloski, N. A., Jones, M., Walker, M. M., Keely, S., Holtmann, G., and Talley,
N. J. (2021). Sleep disturbances in the irritable bowel syndrome and functional
dyspepsia are independent of psychological distress: a population-based study
of 1322 Australians. Aliment. Pharmacol. Ther. 54, 627–636. doi: 10.1111/apt.
16500

Kumar, D., Thompson, P. D., Wingate, D. L., Vesselinova-Jenkins, C. K., and
Libby, G. (1992). Abnormal REM sleep in the irritable bowel syndrome.
Gastroenterology 103, 12–17. doi: 10.1016/0016-5085(92)91089-m

Lacy, B. E., Everhart, K., and Crowell, M. D. (2011). Functional dyspepsia is
associated with sleep disorders. Clin. Gastroenterol. Hepatol. 9, 410–414. doi:
10.1016/j.cgh.2011.02.010

Lacy, B. E., Mearin, F., Chang, L., Chey, W. D., Lembo, A. J., Simren, M., et al.
(2016). Bowel disorders. Gastroenterology 150, 1393–1407.

Lei, W. Y., Chang, W. C., Wen, S. H., Wong, M. W., Hung, J. S., Yi, C. H.,
et al. (2019). Impact of concomitant dyspepsia and irritable bowel syndrome
on symptom burden in patients with gastroesophageal reflux disease. J. Formos.
Med. Assoc. 118, 797–806. doi: 10.1016/j.jfma.2018.12.002

Li, Y., Gong, Y., Li, Y., He, D., Wu, Y., Wang, H., et al. (2018). Sleep disturbance and
psychological distress are associated with functional dyspepsia based on Rome
III criteria. BMC Psychiatry 18:133. doi: 10.1186/s12888-018-1720-0

Lu, C. L., Lang, H. C., Chang, F. Y., Chen, C. Y., Luo, J. C., Wang, S. S., et al.
(2005). Prevalence and health/social impacts of functional dyspepsia in Taiwan:
a study based on the Rome criteria questionnaire survey assisted by endoscopic
exclusion among a physical check-up population. Scand. J. Gastroenterol. 40,
402–411. doi: 10.1080/00365520510012190

Maneerattanaporn, M., and Chey, W. D. (2009). Sleep disorders and
gastrointestinal symptoms: chicken, egg or vicious cycle? Neurogastroenterol.
Motil. 21, 97–99.

Matsuzaki, J., Suzuki, H., Togawa, K., Yamane, T., Mori, H., Komori, T.,
et al. (2018). Burden of impaired sleep quality on work productivity in
functional dyspepsia. United European Gastroenterol. J. 6, 398–406. doi: 10.
1177/2050640617726466

McCallum, R., Lin, Z., Wetzel, P., Sarosiek, I., and Forster, J. (2005). Clinical
response to gastric electrical stimulation in patients with postsurgical

gastroparesis. Clin. Gastroenterol. Hepatol. 3, 49–54. doi: 10.1016/s1542-
3565(04)00605-6

Morin, C. M., Belleville, G., Belanger, L., and Ivers, H. (2011). The Insomnia
Severity Index: psychometric indicators to detect insomnia cases and evaluate
treatment response. Sleep 34, 601–608. doi: 10.1093/sleep/34.5.601

Morito, Y., Aimi, M., Ishimura, N., Shimura, S., Mikami, H., Okimoto, E., et al.
(2014). Association between sleep disturbances and abdominal symptoms.
Intern. Med. 53, 2179–2183. doi: 10.2169/internalmedicine.53.2591

Nakamura, F., Kuribayashi, S., Tanaka, F., Kawami, N., Fujiwara, Y., Iwakiri, K.,
et al. (2021). Impact of improvement of sleep disturbance on symptoms and
quality of life in patients with functional dyspepsia. BMC Gastroenterol. 21:78.
doi: 10.1186/s12876-021-01659-y

Onen, S. H., Alloui, A., Gross, A., Eschallier, A., and Dubray, C. (2001). The
effects of total sleep deprivation, selective sleep interruption and sleep recovery
on pain tolerance thresholds in healthy subjects. J. Sleep Res. 10, 35–42. doi:
10.1046/j.1365-2869.2001.00240.x

Parkman, H. P., Camilleri, M., Farrugia, G., McCallum, R. W., Bharucha, A. E.,
Mayer, E. A., et al. (2010). Gastroparesis and functional dyspepsia: excerpts
from the AGA/ANMS meeting. Neurogastroenterol. Motil. 22, 113–133. doi:
10.1111/j.1365-2982.2009.01434.x

Sateia, M. J. (2014). International classification of sleep disorders-third edition:
highlights and modifications. Chest 146, 1387–1394. doi: 10.1378/chest.1
4-0970

Shimpuku, M., Futagami, S., Tajima, N., Yamawaki, H., Maruki, Y., Kodaka,
Y., et al. (2014). Impact of eating attitude and impairment of physical
quality of life between tertiary clinic and primary clinic functional dyspepsia
outpatients in Japan. J. Neurogastroenterol. Motil. 20, 506–515. doi: 10.5056/jnm
14015

Singh, P., Ballou, S., Rangan, V., Katon, J., Hassan, R., Iturrino, J., et al. (2021).
Clinical and psychological factors predict outcome in patients with functional
dyspepsia: a prospective study. Clin. Gastroenterol. Hepatol. [Epub Online
ahead of Print]. doi: 10.1016/j.cgh.2021.07.043

Slim, K., Bousquet, J., Kwiatkowski, F., Lescure, G., Pezet, D., and Chipponi, J.
(1999). First validation of the French version of the Gastrointestinal Quality
of Life Index (GIQLI). Gastroenterol. Clin. Biol. 23, 25–31.

Sperber, A. D., Bangdiwala, S. I., Drossman, D. A., Ghoshal, U. C., Simren, M.,
Tack, J., et al. (2021a). Worldwide prevalence and burden of functional
gastrointestinal disorders, results of Rome foundation global study.
Gastroenterology 160, 99–114.e3. doi: 10.1053/j.gastro.2020.04.014

Sperber, A. D., Freud, T., Aziz, I., Palsson, O. S., Drossman, D. A., Dumitrascu,
D. L., et al. (2021b). Greater overlap of Rome IV disorders of gut-brain
interactions leads to increased disease severity and poorer quality of life. Clin.
Gastroenterol. Hepatol. [Epub Online ahead of Print]. doi: 10.1016/j.cgh.2021.
05.042

Stanghellini, V., Chan, F. K., Hasler, W. L., Malagelada, J. R., Suzuki, H., Tack, J.,
et al. (2016). Gastroduodenal disorders. Gastroenterology 150, 1380–1392.

Talley, N. J., Locke, G. R. III., Lahr, B. D., Zinsmeister, A. R., Tougas, G., Ligozio,
G., et al. (2006). Functional dyspepsia, delayed gastric emptying, and impaired
quality of life. Gut 55, 933–939. doi: 10.1136/gut.2005.078634

Vakil, N., Wernersson, B., Wissmar, J., and Dent, J. (2016). Sleep disturbance due to
heartburn and regurgitation is common in patients with functional dyspepsia.
United European Gastroenterol. J. 4, 191–198. doi: 10.1177/2050640615599716

Van Oudenhove, L., Vandenberghe, J., Vos, R., Holvoet, L., Demyttenaere, K.,
and Tack, J. (2011). Risk factors for impaired health-related quality of life in
functional dyspepsia. Aliment. Pharmacol. Ther. 33, 261–274.

Vege, S. S., Locke, G. R. III., Weaver, A. L., Farmer, S. A., Melton, L. J. III., and
Talley, N. J. (2004). Functional gastrointestinal disorders among people with
sleep disturbances: a population-based study. Mayo Clin. Proc. 79, 1501–1506.
doi: 10.4065/79.12.1501

World Medical Association [WMA] (2013). World Medical Association
Declaration of Helsinki: ethical principles for medical research involving
human subjects. JAMA 310, 2191–2194.

Wu, S., Chen, S., Zhao, Y., Ma, X., Wang, R., and He, J. (2017). Association
between excessive daytime sleepiness and functional gastrointestinal disorders:
a population-based study in China. J. Neurogastroenterol. Motil. 23, 298–305.
doi: 10.5056/jnm16056

Wuestenberghs, F., Juge, M., Melchior, C., Desprez, C., Leroi, A. M., and Gourcerol,
G. (2019). Association between symptoms, quality of life, and gastric emptying

Frontiers in Neuroscience | www.frontiersin.org 8 February 2022 | Volume 16 | Article 829916

https://doi.org/10.1111/nmo.12181
https://doi.org/10.1111/nmo.12181
https://doi.org/10.1111/j.1365-2036.2008.03619.x
https://doi.org/10.1111/j.1365-2982.2009.01415.x
https://doi.org/10.1186/s12955-018-0913-z
https://doi.org/10.1016/j.cgh.2017.10.021
https://doi.org/10.1016/j.sleep.2016.03.008
https://doi.org/10.1007/s10620-007-9943-9
https://doi.org/10.1007/s10620-007-9943-9
https://doi.org/10.3748/wjg.v21.i6.1932
https://doi.org/10.5056/jnm17098
https://doi.org/10.1111/apt.16500
https://doi.org/10.1111/apt.16500
https://doi.org/10.1016/0016-5085(92)91089-m
https://doi.org/10.1016/j.cgh.2011.02.010
https://doi.org/10.1016/j.cgh.2011.02.010
https://doi.org/10.1016/j.jfma.2018.12.002
https://doi.org/10.1186/s12888-018-1720-0
https://doi.org/10.1080/00365520510012190
https://doi.org/10.1177/2050640617726466
https://doi.org/10.1177/2050640617726466
https://doi.org/10.1016/s1542-3565(04)00605-6
https://doi.org/10.1016/s1542-3565(04)00605-6
https://doi.org/10.1093/sleep/34.5.601
https://doi.org/10.2169/internalmedicine.53.2591
https://doi.org/10.1186/s12876-021-01659-y
https://doi.org/10.1046/j.1365-2869.2001.00240.x
https://doi.org/10.1046/j.1365-2869.2001.00240.x
https://doi.org/10.1111/j.1365-2982.2009.01434.x
https://doi.org/10.1111/j.1365-2982.2009.01434.x
https://doi.org/10.1378/chest.14-0970
https://doi.org/10.1378/chest.14-0970
https://doi.org/10.5056/jnm14015
https://doi.org/10.5056/jnm14015
https://doi.org/10.1016/j.cgh.2021.07.043
https://doi.org/10.1053/j.gastro.2020.04.014
https://doi.org/10.1016/j.cgh.2021.05.042
https://doi.org/10.1016/j.cgh.2021.05.042
https://doi.org/10.1136/gut.2005.078634
https://doi.org/10.1177/2050640615599716
https://doi.org/10.4065/79.12.1501
https://doi.org/10.5056/jnm16056
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-16-829916 February 7, 2022 Time: 12:19 # 9

Wuestenberghs et al. Sleep in Functional Dyspepsia

in dyspeptic patients. J. Neurogastroenterol. Motil. 25, 534–543. doi: 10.5056/
jnm19060

Yamawaki, H., Futagami, S., Shimpuku, M., Sato, H., Wakabayashi, T.,
Maruki, Y., et al. (2014). Impact of sleep disorders, quality of life
and gastric emptying in distinct subtypes of functional dyspepsia in
Japan. J. Neurogastroenterol. Motil. 20, 104–112. doi: 10.5056/jnm.2014.2
0.1.104

Yu, J., Liu, S., Fang, X. C., Zhang, J., Gao, J., Xiao, Y. L., et al. (2013).
Gastrointestinal symptoms and associated factors in Chinese patients with
functional dyspepsia. World J. Gastroenterol. 19, 5357–5364. doi: 10.3748/wjg.
v19.i32.5357

Zhao, W., Jin, H., Xu, M., Wang, D., Liu, Y., Tang, Y., et al. (2018). Sleep quality
of functional gastrointestinal disorder patients in class-three hospitals: a cross-
sectional study in Tianjin, China. Biomed. Res. Int. 2018:3619748. doi: 10.1155/
2018/3619748

Zigmond, A. S., and Snaith, R. P. (1983). The hospital anxiety and depression scale.
Acta Psychiatr. Scand. 67, 361–370.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Wuestenberghs, Melchior, Desprez, Leroi, Netchitailo and
Gourcerol. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Neuroscience | www.frontiersin.org 9 February 2022 | Volume 16 | Article 829916

https://doi.org/10.5056/jnm19060
https://doi.org/10.5056/jnm19060
https://doi.org/10.5056/jnm.2014.20.1.104
https://doi.org/10.5056/jnm.2014.20.1.104
https://doi.org/10.3748/wjg.v19.i32.5357
https://doi.org/10.3748/wjg.v19.i32.5357
https://doi.org/10.1155/2018/3619748
https://doi.org/10.1155/2018/3619748
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles

	Sleep Quality and Insomnia Are Associated With Quality of Life in Functional Dyspepsia
	Introduction
	Materials and Methods
	Patients
	Diagnostic Criteria and Assessment of Patients' Characteristics
	Evaluation of Sleep
	Study Design and Statistical Analysis

	Results
	Patient Characteristics
	Comparison Between Patients With and Without Sleep Quality Impairment
	Comparison Between Patients With and Without Insomnia
	Factors Predicting Altered Sleep Quality and Insomnia in Functional Dyspepsia Patients

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


