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Abstract
Purpose

The current study examined how sleep quality is related to night eating syndrome (NES) via the indirect effects of anxiety, depression, and stress
to determine the mechanism of its development.

Methods

This cross-sectional web-based study included 171 adolescents aged 12-18 years (55.0% girls). Participants completed the self-report Night
Eating Questionnaire (NEQ), Scales for Outcomes in Parkinson’s disease (SCOPA) Sleep Scale, and Depression, Anxiety and Stress Scale–21
items (DASS-21).

Results

The results showed that anxiety, depression, and stress directly in�uenced the NEQ. AMOS path analysis was used to examine whether these also
had an indirect in�uence on the NEQ. Moreover, for the anxiety, depression, and stress subscales, only the anxiety subscale in�uenced nighttime
eating problems due to increased sleep problems, which in turn increased the di�culty of morning sleepiness and falling asleep at night.

Conclusion

Consequently, depression and stress directly increased nighttime eating problems. Anxiety exacerbates eating problems, both directly and
indirectly, through sleep. Behavioral and psychological interventions to reduce anxiety, depression, and stress may be helpful strategies for the
treatment of night eating syndrome.

Level of evidence: Level IV

Introduction
Night eating syndrome used to be a little known eating disorder. With the prevalence of obesity and increased research into obesity, it has gained
attention. Night eating syndrome is now included in the Otherwise Speci�ed Feeding section and Eating Disorders of the �fth revision of the
Diagnostic and Statistical Manual of Mental Disorders [1]. There are three basic diagnostic criteria. The �rst is eating at least 25% of the daily
food intake after dinner or eating ≥2 nights per week. The second criterion is that this binge eating is intentional. The third criterion must include
at least three of the following: These include morning anorexia, a strong urge to eat between dinner and sleep or at night, insomnia, a belief that
eating is necessary to induce or regain sleep, or a worsening of mood in the evening [2–4].

It is important to distinguish night eating syndrome from other eating disorders, sleep-related eating disorders (SRED) [5]. The NES characterizes
SRED by awareness during the nighttime binge eating episode. In sleep-related eating disorders, people do not realize that they are getting up at
night and eating. However, people with night eating disorders are conscious during eating. People with SRED have been found to sleepwalk in the
past or during current investigations. Other sleep disorders such as restless legs syndrome, periodic sleep movements, and obstructive sleep
apnea may also be found in individuals with SRED [5].

Although pointing out the importance of distinguishing people with nocturnal eating syndrome from sleep-related eating disorders, people with
nocturnal eating syndrome may have other sleep disorders. In studies conducted with people with nocturnal eating syndrome, these individuals
have been found to have some sleep disorders such as insomnia and falling asleep late [6, 7]. Disruptions in circadian sleep patterns are
particularly noted in people with NES [8]. This �nding also proves to be a strategy in the treatment of nocturnal eating disorder. In people
diagnosed with nocturnal eating syndrome, changes in the circadian phase and amplitude of melatonin, cortisol, leptin, ghrelin, insulin, and
glucose rhythms can be detected [9]. Studies addressing the treatment of NES indicate that cognitive-behavioral therapies and medications
affecting the serotonin system may be inadequate in treatment [10–12]. Therefore, given the �nding of delays in circadian rhythms,
chronobiological therapies have emerged as an option in recent years [13, 14]. Two case reports using 14-day morning 30-minute sessions of
10,000 lux white light therapy suggest the e�cacy of light therapy in the treatment of NES [13].

In addition to studies examining the relationship between NES and sleep, there are studies examining the relationship between NES and mood.
For example, studies on night eating syndrome have shown that stress exacerbates the clinical condition and reducing stress reduces night
eating episodes [11]. Depressive moods also show frequent comorbidity with NES [11] [15]. In individuals with NES, depressed mood patterns are
less detectable in the evening and at night [8]. Some studies using depression scales also reported signi�cantly higher scores in individuals with
nocturnal eating syndrome than in those without [16, 11]. Individuals with NES also have lower self-esteem and more severe anxiety symptoms
[15]. It is a stress-related disorder, and some studies have also found stress-related neuroendocrine changes such as increased cortisol levels [17].
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In the literature, there are studies on the relationship between sleep and NES, mood disorders and NES. In this study, the three variables are
examined simultaneously.

Considering the literature, we conclude that mood disorders, sleep disorders, and nocturnal eating problems are related. Therefore, the aim of our
study was to investigate the direct and indirect effects of sleep disturbances and mood problems on nocturnal eating disorders. Based on this
premise, we formulated the following hypotheses:

Hypothesis 1

Sleep quality will be related to NES.

Hypothesis 2

Anxiety, depression, and stress directly increase NES.

Hypothesis 3

Anxiety, depression, and stress will mediate the relationship between sleep quality and NES.

Method
Participants and procedure

This web-based cross-sectional study included a sample of 171 adolescents aged 12-18 years and was conducted in July 2021. The study
protocol was approved by the ethics committee. Informed consent was obtained from all participants via the study website.

Data collection

The questionnaire contained demographic information: Gender, age, and body mass index. Of 196 participants who answered the questions, 171
completed the questionnaire. Participants who did not complete the questionnaire or gave invalid responses were excluded. The data
instruments, speci�cally the questionnaires, were administered to male and female adolescents.

Depression, Anxiety, and Stress Scale - 21 Items (DASS-21) is a self-report scale designed to measure depression, anxiety, and stress [18]. There
are three subscales, each consisting of seven items. The depression scale assesses dysphoria, hopelessness, the worthlessness of life, self-
worthlessness, disinterest, listlessness, and sluggishness. The Anxiety Scale assesses autonomic arousal, situational anxiety, feelings of anxiety,
and skeletal muscle effects. The stress scale assesses nervous arousal and mild excitability, irritability/over reactivity and impatience, di�culty
relaxing, and how one feels. The depression, anxiety and stress scores are calculated by adding the scores of the corresponding items. The
Turkish validity and reliability study was conducted by Sarıçam et al.[19].

The Night Eating Questionnaire (NEQ): This is a screening questionnaire consisting of 14 questions developed by Allison et al [2]. The
questionnaire includes questions about morning appetite and �rst food intake of the day, evening and nighttime eating, frequency of eating after
dinner, food cravings, control of nighttime eating, di�culty falling asleep and frequency of nighttime awakenings, alertness, and mood during
nighttime eating. All participants complete the �rst nine questions of the questionnaire. Participants who do not wake up at night or do not snack
will be directed to continue with the following questions. Questions 10-12 will be completed by participants who wake up at night, and questions
13 and 14 will be completed by participants who eat snacks at night. Except for the seventh item of the questionnaire, all items are rated with a
�ve-point Likert measure ranging from 0 to 4. The seventh item asks about mood changes during the day and those who do not notice any
changes during the day score 0. The total score can range from 0-52. The Turkish validity and reliability study was conducted by Atasoy et al [20].

SCOPA Sleep Scale ; It is a 12-item scale developed by Marinus et al. in 2003 to assess sleep problems (such as di�culty falling asleep in the
past month, inability to fall asleep, fall asleep very quickly, or stay awake) and sleep quality in Parkinson Disease patients [21]. It consists of 12
items, �ve items assessing night sleep, six items assessing daytime sleepiness, and 1 item assessing general sleep quality. For the sub-
dimensions of night sleep and daytime sleepiness, there are response options ranging from 0 to 3. For the sub-dimension that asks about general
sleep quality with one item, seven different response options ranging from 0 to 6 items can be given. The Turkish validity and reliability study was
conducted by Sonmez et al. [22]. Although the scale was developed for Parkinson's patients, it was used because its questions contain general
concepts.

Statistical Analysis

We used SPSS 21.0 to examine correlations and descriptive statistics. We estimated mediation effects through structural equation modeling
(SEM) using AMOS. We used a bootstrapping procedure to test the statistical signi�cance of the paths and indirect effects of each model. We
assessed model �t using several �t indices, including the ratio of chi-squared to degrees of freedom (χ2/df), the comparative �t index (CFI), the
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root mean square error of approximation (RMSEA), and the standardized root mean square residual (SRMR). The SEM literature suggests that
model �t is excellent when χ2/df ≤ 3, CFI ≥ 0.95, RMSEA ≤0.05, and SRMR ≤ 0.08 [23,24].

Results
Of the 171 adolescents who participated in this study, 94 (55.0%) were girls and 77 (45.0%) were boys with a mean age of 15.15 ± 1.52 years. The
mean and standard deviation of body weight and BMI of the adolescents are shown in Table 1.

In examining the correlation of the scales completed by the adolescents, it was found that the morning anorexia subscale of the NEQ had no
signi�cant correlation with the anxiety, depression, and stress subscales of the DASS 21 and also had no correlation with the daytime sleepiness
and nighttime sleep subscales of the SCOPA Sleep Scale. The Hyperphagia in the Evening subscale of the NEQ correlated with the Depression,
Anxiety, and Stress subscales and with the Daytime Sleepiness and Nighttime Sleep subscales of the SCOPA Sleep Scale. In contrast, the
Nocturnal Ingestions subscale was not meaningfully related to anxiety, but was signi�cantly associated with depression and stress scores on the
DASS 21. NEQ total score was related to all scales, but not to BMI (p< 0.05) (Table 2).

A linear regression analysis was performed to examine the relationship between the NEQ and the DASS 21 and the daytime sleepiness and
nighttime sleep subscales of the SCOPA Sleep Scale. It was found that increased stress, worsening of depressive symptoms, and di�culty falling
asleep had a signi�cant relationship with nighttime eating (p< 0.05) (Table 3).

When the relationship between the nighttime sleep subscales of the SCOPA Sleep Scale and other variables was evaluated using the linear
regression model, a signi�cant association was found between falling asleep with anxiety symptoms, evening hyperphagia, and total NEQ score
(p< 0.05) (Table 4).

In addition to the many studies that have examined the association between sleep disturbances and nighttime eating disorders, in the current
study we examined whether anxiety, depression, and stress directly and indirectly in�uence nighttime eating disorders. We followed a stepwise
method to construct the optimal model for the mediated effects of anxiety, depression, and stress. First, we assessed the �t of the parallel
mediation model (Model 1), which included the following: (a) direct pathway of waking di�culty, sleep quality → NEQ score, (b) indirect pathway
of anxiety, depression, and stress → waking di�culty, sleep quality → NEQ score (summary of model �t: χ2/df =39.17, CFI = 1.00, RMSEA =
0.3222, and SRMR = 0.394. The pathway anxiety → waking di�culty, sleep quality → NEQ score was signi�cant (Fig. 1).

Anxiety (p =0.012 and 95% CI [0.083, 0.344]).

Depression (p =0.558 and 95% CI [-0.092, 0.219]).

Stress (p =0.296 and 95% CI [-0.062, 0.145]).

Discussion
In this study, we aimed to advance research on the association between sleep quality and nocturnal eating disorders. Speci�cally, we examined
whether the association between sleep quality and eating disorders could be explained by the indirect effects of anxiety, depression, and stress.
The results provided several noteworthy �ndings.

No correlation was found between morning anorexia and the SCOPA sleep scale and the DASS 21. The Evening hyperphagia subscale of the NEQ
had a signi�cant positive correlation with the depression and stress subscales of the DASS 21 and the insomnia and Daytime Sleepiness
subscales of the SCOPA Sleep Scale. This �nding con�rms our hypothesis that sleep and mood disturbances may have a direct effect on
nocturnal eating disorder. The literature on the presence of stress and increase in depressive symptoms associated with an increase in night
eating behaviors was also con�rmed in this study [11,8,17]. The signi�cant increase in insomnia and daytime sleepiness scores in individuals
who eat more at night is also consistent with the literature [8,7]. Nocturnal ingestion had a signi�cant correlation with DASS 21 depression and
Stress Scale, but not anxiety.

When analyzed with the linear regression model, the NEQ score was signi�cantly associated with the stress and depression subscales of the
DASS 21 scale and was reliable. NEQ scores were also signi�cantly related to the problem of falling asleep at night and not to daytime
sleepiness. The data obtained from the studies are consistent with publications showing an increase in insomnia and an excess of stress and
depression in individuals with nocturnal eating problems [6,4]. 

In our second hypothesis, we stated that anxiety, depression, and stress can directly in�uence sleep disturbances. In our �rst hypothesis, it was
found that sleep disturbances can directly lead to eating disorders. A linear regression analysis was performed to determine the direct
relationships. When the relationship between the total score of the SCOPA sleep scale and the other scales is evaluated using linear regression, it
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can be concluded that increases in the anxiety score are associated with increased sleep problems. A signi�cant correlation was also found with
the NEQ total score.

In addition to the direct effects of anxiety, depression, and stress on NEQ, AMOS path analysis was used to examine whether they have an indirect
effect on NEQ, which is the main object of the study. Of the anxiety, depression, and stress subscales, only the anxiety subscale in�uenced the
nighttime eating problem by increasing the sleep problem. Anxiety exacerbated both the morning sleepiness problem and the nighttime falling
asleep problem. NEQ was already signi�cantly associated with sleep problems. Consequently, depression and stress directly exacerbated
nighttime eating problems. Anxiety exacerbated eating problems both directly and indirectly through sleep.

Strength and limits

This study aimed to examine how sleep quality was related to night eating syndrome via the effects of anxiety, depression, and stress to
determine the mechanism of its development. We believe that our study makes a signi�cant contribution to the literature because we found that
anxiety, depression, and stress directly in�uenced the Night Eating Questionnaire scores. We also found that depression and stress increased
nighttime eating. Additionally, anxiety in�uenced nighttime eating problems due to increased sleep problems. This increased morning sleepiness
and di�culty falling asleep at night. Compared to many studies that have examined the association between sleep disturbances and nighttime
eating disorders, in the current study, we examined whether anxiety, depression, and stress directly and indirectly in�uenced nighttime eating
disorders. Although our study contributes to the literature, it has some signi�cant limitations. First, due to the cross-sectional analysis, causal and
temporal relationships cannot be precisely determined. Longitudinal and experimental studies are required to con�rm the causal mechanisms.
Second, the generalizability of the study was limited due to the small sample size. Future studies should use a broader sample and replicate this
study. Third, data collection in this study was made based on self-report via the Internet limited objectivity. The use of objective methods, such as
actigraphy, to determine sleep disturbance would be more helpful in generalizing the results of this study.

What is already known on this subject? Many studies have shown the relationship between mood disorders and sleep disorders, and night eating
syndrome.

What this study adds? In addition to the literature information, this study adds the following conclusion as new information. Unlike depression
and stress, an anxiety disorder may increase night-eating syndrome because it increases sleep disorder. Anxiety may contribute to the relationship
between sleep disorder and night eating disorder.
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Table 1 Descriptive statistics of all variables (N=171)

  mean

 

SD

Age, years 15.15 1.53

 

Weight, (kg)

61.56 16.4

 

Height (cm)

 

165.81 11.15

 

BMI kg/m2

22.1 4.29

  Female Male

  N %  

N

 

%

 

Gender

94 55 77 45

 

Values are reported as mean; SD, standard deviation. 

BMI, Body Mass Index
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Table 2 Correlations among all variables (N=171) 

1 2 3 4 5 6 7 8 9 10 11 12

DASS 21-

Anxiety 1

DASS 21

Stress 2

0.619**

DASS 21
Depression 3

0.633** 0.681**

SCOPA-
Nighttime
sleep 4

0.435** 0.271** 0.307**

Daytime
sleepiness

0.376** 0.367** 0.369** 0.436**

BMI 6 0.088 0.188* -0.031 0.082 0.136

Morning
anorexia 7

0.018 0.092 0.135 0.096 0.077 -0.201**

Evening
hyperphagia
8

0.280** 0.284** 0.233** 0.039 0.254** 0.143 -0.096

Mood/ sleep
9

0.450** 0.467** 0.546** 0.569** 0.350** 0.149 0.203** 0.053

Nocturnal
ingestions 10

0.144 0.254** 0.162* 0.283** 0.294** 0.095 -0.013 0.245** 0.242**

NEQ total
score 11

0.457** 0.525** 0.538** 0.511** 0.445** 0.133 0.349** 0.470** 0.815** 0.581**

SCOPA sleep
scale total
score 12

0.479** 0.377** 0.399** 0.849** 0.846** 0.128 0.103 0.173* 0.543** 0.341** 0.564**

*, p<0.05 **, p<0.01

DASS 21, Depression, Stress and Anxiety Scale; NEQ, Night Eating Questionnaire; BMI, Body Mass Index
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Table 3 Linear Regression of Night Eating Questionnaire Total Scores with other variables 

 

 

 

 

Standardized Coe�cients

Beta

t p 95,0% Con�dence Interval for B

  Lower Bound Upper Bound VIF

DASS21 Anxiety -0.047 -0.578 0.564 -0.235 0.129 2.087

        

Stress 0.244 2.946 0.004** 0.093 0.47 2.132

        

Depression 0.25 2.991 0.003** 0.094 0.458 2.184

          

SCOPA sleep scale Daytime sleepiness -0.186 -1.727 0.086 -0.642 0.043 3.628

        

Nighttime sleep 0.553 4.911 <0.001** 0.312 0.732 3.948

          

Dependent Variable: Night Eating Questionnaire

*, p<0.05 **, p<0.01

DASS 21, Depression, Stress and Anxiety Scale

Table 4 Linear Regression of Nighttime Sleep Subscale of the SCOPA Sleep with other variables

 

 

 

Standardized
Coe�cients

Beta

t p 95.0% Con�dence Interval for B

Lower
Bound

Upper
Bound

VIF

DASS21 Anxiety 0.361 4.293 <0.001** 0.138 0.373 1.969

Stress -0.13 -1.456 0.147 -0.222 0.034 2.217

 

Depression -0.113 -1.222 0.223 -0.205 0.048 2.392

 

 

Night Eating
Questionnaire

Morning anorexia -0.172 -2.359 0.02* -0.776 -0.069 1.473

 

Evening
hyperphagia

-0.344 -4.724 <0.001** -0.809 -0.332 1.471

 

Nocturnal
ingestions

-0.061 -0.747 0.456 -0.419 0.189 1.831

 

NEQ total score 0.732 6.371 <0.001** 0.317 0.602 3.663

Dependent Variable: SCOPA sleep scale

*, p<0.05 **, p<0.01

DASS 21, Depression, Stress and Anxiety Scale; NEQ, Night Eating Questionnaire
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Figures

Figure 1

Tests of Model 1 showed parallel indirect effects of impulsivity and problematic mobile phone usage in the association between poor sleep
quality and binging. 
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Figure 2

Tests of Model 2 showed parallel indirect effects of impulsivity and problematic mobile phone usage in the association between poor sleep
quality and restraint. 

Figure 3

Tests of Model 3 showed parallel indirect effects of impulsivity and problematic mobile phone usage in the association between poor sleep
quality and eating concern. 
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Figure 4

Tests of Model 4 showed parallel indirect effects of impulsivity and problematic mobile phone usage in the association between poor sleep
quality and shape concern.

 

Figure 5
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Tests of Model 5 showed parallel indirect effects of impulsivity and problematic mobile phone usage in the association between poor sleep
quality and weight concern. 
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