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Abstract: (1) Background: This exploratory study aims to explore the relationship between non-
specific chronic spinal pain (nCSP) and insomnia symptoms, by examining the interconnections,
strengths, and directional dependence of the symptoms. In addition, we aim to identify the key
symptoms of the nCSP–insomnia relationship and shed light on the bidirectional nature of this rela-
tionship. (2) Methods: This study is a secondary analysis of the baseline data (cross-sectional) from a
randomized controlled trial, which examined the added value of Cognitive Behavioral Therapy for
Insomnia (CBT-I) combined with cognition-targeted exercise therapy, conducted in collaboration with
the Universiteit Gent and Vrije Universiteit Brussel (Belgium). One hundred and twenty-three nCSP
patients with comorbid insomnia were recruited through the participating hospitals, advertisements,
announcements in local newspapers, pharmacies, publications from support groups, and primary
care. To explore the interconnections and directionality between symptoms and the strengths of the
relationships, we estimated a regularized Gaussian graphical model and a directed acyclic graph.
(3) Results: We found only one direct, but weak, link between sleep and pain, namely, between
average pain and difficulties maintaining sleep. (4) Conclusions: Despite the lack of strong direct
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links between sleep and pain, pain and sleep seem to be indirectly linked via anxiety and depres-
sion symptoms, acting as presumable mediators in the network of nCSP and comorbid insomnia.
Furthermore, feeling slowed down and fatigue emerged as terminal nodes, implying their role as
consequences of the network.

Keywords: chronic pain; low back pain; network analysis

1. Introduction

Nonspecific chronic spinal pain (nCSP) and insomnia are two common and debilitating
conditions that significantly impact an individual’s quality of life [1–3]. Furthermore, nCSP
is associated with absenteeism leading to high socioeconomic consequences [4]. nCSP,
encompassing chronic low back pain, chronic neck pain, and failed back surgery syndrome,
is a widespread condition and is defined as chronic if the pain occurs on most days and
lasts for at least three months [1,4]. Insomnia, on the other hand, is the most common
sleep disorder which manifests as a subjective complaint in initiating, maintaining sleep,
and/or waking up sooner than desired. In addition, at least one daytime impairment must
be present (e.g., concentration difficulties, mood swings, malaise, sleepiness, or fatigue).
Insomnia becomes chronic when it persists for at least three months and occurs at least
three nights a week [1,5–7]. Insomnia is the most common comorbidity reported among
persons with nCSP, and previous research indicates a strong, bidirectional association
between nCSP and insomnia [1,7].

Although a reciprocal relationship between pain and sleep seems well accepted [8–11],
multiple studies consider disturbed sleep a better predictor of pain than vice versa [2,8–12].
The contribution of insomnia to the development or amplification of pain is suggested
to lie in alterations in pain processing and hyperalgesic responses [8,9]. However, the
complexity of the relationship between pain and sleep leaves many remaining questions,
such as the potential underlying factors of the direction and strength of the association [12].
These potential factors could lie in prevalent complaints of both persons with insomnia and
chronic pain, such as fatigue, symptoms of anxiety, and symptoms of depression [13–15].
Although the domain of fatigue and nCSP is less studied, reduction of fatigue is one
of the patient-determined success criteria for the treatment of nCSP [16]. On the other
hand, symptoms of anxiety and depression are suggested to at least partially mediate the
relationship between pain and sleep. Persons with insomnia might be more vulnerable
to symptoms of anxiety and depression, as improvement in these symptoms improves
sleep disturbance. However, improvements in anxiety and depression do not often predict
changes in pain [8,10,12,17,18].

In order to deepen our understanding of the complexity of the relationship between
sleep and pain, network approaches should be considered. Such a network approach
considers symptoms as constitutive components of a disorder, actively influencing and
maintaining each other through direct causal interactions. It uses graph theory to represent
symptoms as nodes and their interrelations as edges, which can be visualized and ana-
lyzed [19,20]. A Gaussian graphical model (GGM) represents conditional independence
associations in an undirected graph. Meanwhile, a cross-sectional directed acyclic graph
(DAG) reveals directional dependencies, indicating a stronger influence of one node on
another. Integrating these models allows for inferring potential causal relations among
nodes [21,22]. Hence, this approach allows us to move beyond the traditional latent variable
models and gain a deeper understanding of the dynamic interactions between symptoms
of nCSP, insomnia, anxiety, depression, and fatigue [20,23–27].

Given the exploratory opportunities of the network approach, this study aims to
provide further insights into the sleep–pain relationship by examining the interconnections,
strengths, and directional dependence of symptoms of nCSP, insomnia, anxiety, depression,
and fatigue. In addition, we aim to identify the key symptoms in the network. These
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insights could offer promising avenues for enhancing the overall non-pharmacological
management and quality of life for persons suffering both conditions.

2. Materials and Methods
2.1. Participants

This study is a secondary analysis of the baseline data (cross-sectional) from a ran-
domized controlled trial, which examined the added value of incorporating Cognitive
Behavioral Therapy for Insomnia (CBT-I) into the current best physical therapy treatment
for nonspecific chronic spinal pain (nCSP). The full study protocol was registered at clini-
caltrials.gov (no. NCT03482856) [3]. This study was a multicenter, cross-sectional study,
performed by researchers from Vrije Universiteit Brussel and Ghent University. Participants
were recruited through the universities and their corresponding hospitals, advertisements,
and announcements in local newspapers, pharmacies, publications from patient support
groups, and primary care [3]. The selection criteria can be found in Table 1. In total,
123 patients with CSP and comorbid insomnia were included in the study. The definition
of insomnia included self-reported sleep difficulties, defined as >30 min of wake during
the night [including sleep latency, wake after sleep onset, early morning awakenings, or
a combination] for >3 days/week for >6 months, which cause distress or impairment in
daytime functioning (despite having adequate opportunity and circumstances to sleep) in
the absence of intrinsic sleep disorders and shift work. Polysomnography was used for
the identification of intrinsic sleep disorders. Obstructive sleep apnea was defined as an
apnea–hypopnea index over 15, and periodic leg movement disorder as a periodic limb
movement index over 15. The scoring of these indices followed the American Academy of
Sleep Medicine Manual for Scoring of Sleep and Associated Events guidelines [28]. This
study was approved by the ethics committee of the Ghent University Hospital (2018/0277)
and the University Hospital Brussels (2018/077).

Table 1. Selection criteria.

Inclusion Exclusion

Aged between 18 and 65 years Body Mass Index > 30, since this study used the baseline
data of an RCT investigating an intervention

Native Dutch speaker Being diagnosed with chronic widespread pain syndrome
(e.g., fibromyalgia and chronic fatigue syndrome)

Experiencing nonspecific spinal pain for at least 3 months, at least
3 days/week, including chronic low back pain (CLBP), failed back

surgery syndrome (i.e., surgery more than 3 years ago and
anatomically successful surgery without symptom disappearance),

and chronic traumatic and nontraumatic neck pain

Thoracic pain in the absence of neck or low back pain
Neuropathic pain

Experiencing insomnia: self-reported sleep difficulties defined as
>30 min of wake during the night [including sleep latency, wake

after sleep onset, early morning awakenings, or a combination] for
>3 days/week for >6 months, which cause distress or impairment
in daytime functioning (despite having adequate opportunity and
circumstances to sleep) in the absence of intrinsic sleep disorders

and shift work

History of specific spinal surgery (i.e., surgery for spinal
stenosis) to ensure the exclusion of degenerative

(joint) diseases.

Not undertaking exercise (>3 metabolic equivalents) 3 days before
the assessments

Severe underlying sleep pathology (identified through
polysomnography), This includes sleep apnea (AHI > 15)

and periodic limb movement disorder (>15/h).

Refraining from analgesics, caffeine, alcohol, or nicotine for 48 h
before the assessments, since this study used the baseline data of an

RCT investigating an intervention
Shift workers
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Table 1. Cont.

Inclusion Exclusion

Willing to participate in therapy sessions and not allowed to
continue any other therapies (i.e., other physical therapy treatments,
acupuncture, osteopathy, etc.), except for usual medication; and not
having received any form of pain neuroscience education or sleep

training before

Being pregnant or being a parent within one year
post partum

Not starting new treatments or medication and continuing their
usual care 6 weeks before and during study participation (to obtain

a steady state)

Presence of a current clinical depression diagnosed by
a doctor

Suffering from any specific medical condition possibly
related to their pain (e.g., neuropathic pain, a history of neck
or back surgery in the past 3 years, osteoporotic vertebral

fractures, and rheumatologic diseases)

People living more than 50 km away from the treatment
location were excluded to avoid dropout because of

practical considerations.

2.2. Sociodemographic Information

Age, sex, dominant pain problem (neck pain or low back pain), pain duration, and
BMI were collected.

2.3. Questionnaires

Participants filled out several questionnaires to assess self-reported sleep such as the
Insomnia Severity Index (ISI) [29] and the Pittsburgh Sleep Quality Index (PSQI) [30], as the
third edition of the International Classification of Sleep Disorders (ICSD-3) and the International
Classification of Diseases, 11th Revision (ICD-11), recommend a diagnosis of insomnia purely
based on subjective complaints [31–33]. Fatigue and sleepiness were assessed using the
Brugmann Fatigue Scale (BFS) [34] and Epworth Sleepiness Scale (ESS) [35]. Beliefs and
attitudes around sleep were assessed using the Dysfunctional Beliefs and Attitudes About
Sleep Scale (DBAS) [36]. Pain-related outcomes were captured by the Brief Pain Inventory
(BPI) [37] and Central Sensitization Inventory (CSI) [38]. Mental and physical functioning
was assessed using the Short Form Health Survey-36 (SF-36) [39]. Additionally, symptoms
of anxiety and depression were evaluated using the Hospital Anxiety and Depression Scale
(HADS) [40]. The outcomes of items in these questionnaires were used to select nodes for
the pain–sleep network.

An item selection of the above-mentioned questionnaires was carried out as the data
were collected in the context of a RCT, and a small number of nodes are recommended to
increase power, decrease conceptual overlap, and ensure more stable networks. We used
a theoretical approach to review all items and selected nodes based on the hypothesis of
representing unique constructs [41–43]. By employing nodes based on an item level, we
avoided topological overlap, which would arise when two nearly similar symptoms would
be included and lead to inflated edges in the network [44,45]. An overview of the selected
items per questionnaire is provided in Table 2.
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Table 2. Item selection.

Number Variable Name Question Answer Options

1 ISI1 Difficulty falling asleep? None/mild/moderate/severe/very severe

2 ISI2 Difficulty staying asleep? None/mild/moderate/severe/very severe

3 ISI3 Problems waking up too early? None/mild/moderate/severe/very severe

4 ISI4 How satisfied/dissatisfied are you with your
current sleep pattern?

Very satis-
fied/satisfied/neutral/dissatisfied/very

dissatisfied

5 ISI7

To what extent do you consider your sleep
problem to interfere with your daily functioning
(e.g., daytime fatigue, mood, ability to function
at work, daily chores, concentration, memory,

mood, etc.) currently?

Not at all interfering/a
little/somewhat/much/very much

interfering

6 BPIav
Please rate your pain by marking the box beside

the number that best describes your pain on
average.

0 (No pain)–10 (pain as bad as you can
imagine)

7 SF21 How much bodily pain have you had during the
past 4 weeks?

Not at all/slightly/moderately/severe/very
severe

8 SF22
During the past 4 weeks, how much did pain

interfere with your normal work (including both
work outside the home and housework)?

Not at all/a little bit/moderately/quite a
bit/extremely

9 HADS1 In the past week I have been feeling tense or
‘wound up’ 0 (Not at all)–3 (most of the time)

10 HADS5 In the past week I had worrying thoughts go
through my mind

0 (Only occasionally)–3 (a great deal of the
time)

11 HADS8 In the past week I have been feeling as if I am
slowed down 0 (Not at all)–3 (nearly all the time)

12 HADS11 In the past week I have been looking forward
with enjoyment to things 0 (As much as I ever did)–3 (hardly at all)

13 SF31 Did you feel tired? All of the time/most of the time/some of the
time/a little bit of the time/none of the time

Legend: ISI, Insomnia Severity Index; BPI, Brief Pain Inventory; SF, Short Form Health Survey-36; HADS, Hospital
Anxiety and Depression Scale. Numbers represent the items in the survey.

To ensure that the selected items were scored in the same direction (e.g., a high score
equals a poor outcome) and to reduce bias, we standardized and transformed the selected
items [46].

2.4. Statistical Analysis

Data were analyzed with R software (version 2023.06.0+421, available at https://r-
project.org and version 2022.02.4+500 to run Rgraphviz accessed on 5 September 2023). To
estimate, visualize, and measure the stability of the networks, the packages networktools,
bootnet, ggplot2, bnlearn, Rgraphviz, and qgraph were used [24,45]. First, we estimated a
regularized Gaussian graphical model (GGM) using the graphical least absolute shrink-
age and selection operator (gLASSO) combined with the Extended Bayesian Information
Criterion (EBIC) [45]. Additionally, the cormethod was set to cor_auto (polychoric cor-
relations), the hyperparameter γ (gamma) was set to 0.5, the number of lambda values
tested was 100, the network was not thresholded, and the ratio of lowest lambda value
compared to maximal lambda was set to 0.01 [41,45]. The additional analysis included
centrality measures (strength and expected influence) with the R package qgraph, edge-
weights accuracy using bootstrapped confidence intervals (1000 bootstraps), the stability of
the edges and centrality measures, the significance of differences between edges within the
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network using the bootstrapped difference test, bridge symptoms, and bridge centrality
and stability measures [24]. Due to some unexpected negative edges, an additional net-
work was estimated using Spearman correlations to compare with the Gaussian graphical
model. Two very different networks would indicate an untrustworthy estimation of the
polychoric correlations [25]. Second, we estimated a directed acyclic graph (DAG) using
a Bayesian hill-climbing algorithm with 50 restarts and 100 perturbations [43,47]. There
were no specifications for the edges, meaning that all possible edges were allowed in the
network [48].

3. Results
3.1. Descriptives

The entire sample was included in the network analyses, which comprised 123 persons
with nCSP and comorbid insomnia. The mean pain duration of the participants was
90.03 months (SD = 96.08). The participants’ age ranged from 21 to 61 years (Mage = 40.36,
SDage = 11.06), and the sample included 82 females (67%; Mage = 39.46, SDage = 10.99) and
41 males (33%; Mage = 42.15, SDage = 11.09). The mean BMI was 23.33 (SDBMI = 3.14).

3.2. Regularized Gaussian Graphical Model
3.2.1. Description

Figure 1 depicts the regularized GGM of nCSP patients with comorbid insomnia
and consists of 13 nodes, divided into four clusters: sleep, pain, fatigue, and anxiety
and depression symptoms. The network was sparse due to the gLASSO estimation. The
network comprised 28 non-zero edges out of 78 possible edges, which were mainly positive.
The mean weight of these edges was rather low (M = 0.05).
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Figure 1. Regularized Gaussian graphical model of pain, insomnia, and affective symptoms: undi-
rected conditional independence associations. The edge’s thickness denotes the magnitude of the
pairwise association between nodes (i.e., regularized partial correlations, with a maximum set to 1).
Positive associations are visualized with blue edges, while red edges represent negative associations.
The pies in the nodes reflect predictability, meaning the proportion of the explained variance of the
node by all other nodes in the network.

3.2.2. Stability

The stability of a network refers to the consistency and resistance to change. Thus, a
stable network entails a set of edges, directions, and centrality measures that are unlikely to

6



J. Clin. Med. 2024, 13, 1452

change considerably [48]. Based on the benchmarks of Epskamp et al. (2018), the stability
of the expected influence centrality of the Gaussian graphical model was acceptable, but
not ideal (expected influence CS-C = 0.29) [24]. The confidence intervals resulting from
the non-parametric bootstrap analysis were rather broad and overlapping. Therefore, the
network and the centrality measure should be interpreted with care. Additionally, due to
the poor stability of the bridge and strength centrality, they were not interpreted in the
present study (bridge strength CS-C = 0.05; bridge expected influence CS-C = 0.05; strength
CS-C = 0.05) (see Supplementary Materials).

3.2.3. Predictability

The measure of predictability is the proportion of variance of a node explained by
all other nodes in the network, and ranges between zero (the node is not predictable
based on other nodes in the network) and one (other nodes of the network can predict the
node at hand perfectly). The mean predictability was 0.27. The node “Bodily pain” was
the most determined by all other nodes with 46% variance explained (SF21, R2 = 0.46).
Other relatively predictable constructs were “Pain interference” (SF22, R2 = 0.44), and
“Interference with daytime functioning” (ISI7, R2 = 0.36).

3.2.4. Edges

Edges represent regularized partial correlations between constructs. The strongest
edges appeared between nodes of the same cluster. In the pain cluster, the strongest
edge emerged between “Bodily pain” and “Pain interference” (SF21–SF22, rp = 0.47). In
the sleep cluster, the strongest edge appeared between “Difficulty maintaining sleep”
and “Dissatisfaction with sleep” (ISI2–ISI4, rp = 0.42). In the anxiety and depression
symptoms cluster, the strongest edge appeared between “Tension” and “Worry” (HADS1–
HADS5, rp = 0.33). Other relatively strong edges emerged between “Feeling slowed down”
and “Interference with daytime functioning” (HADS8–ISI7, rp = 0.33), and “Bodily pain”
and “Average pain” (SF21–BPIav, rp = 0.4). However, according to the edge-weights
difference test, these edges are not significantly stronger when compared to each other (see
Supplementary Materials). Furthermore, there are no direct, or at best weak, edges between
the sleep and pain clusters. The clusters seem to be indirectly connected through the anxiety
and depression symptoms. Out of these nodes, both sleep and pain variables showed
the strongest connection with “Feeling slowed down”. Nevertheless, sleep constructs
were more strongly connected in comparison to pain constructs (ISI7–HADS8, rp = 0.33;
SF22–HADS8, rp = 0.18).

Due to some unexpected negative edges, a Spearman correlation was calculated to
evaluate the presence of an artificially induced negative partial correlation via a common
effect between “Dissatisfaction with sleep” and “Worry” (ISI4–HADS5), “Feeling slowed
down” and “Difficulty initiating sleep” (HADS8–ISI1), and “Fatigue” and “Expectational
anhedonia” (SF31–HADS11) [25]. This resulted in a non-significant difference, which means
that an artificially induced edge was observed in the regularized partial correlation network
between the nodes “Dissatisfaction with sleep” and “Worry” (ISI4–HADS5, p = 0.42), “Feel-
ing slowed down” and “Difficulty initiating sleep” (HADS8–ISI1, p = 0.61), and “Fatigue”
and “Expectational anhedonia” (SF31–HADS11, p = 0.31) (see Supplementary Materials).

3.2.5. Centrality Measures

Expected influence is the sum of the value of its connections with other nodes in
the network and assesses the node’s influence on its neighboring nodes [21]. As seen in
Figure 2, the highest expected influence was found in “Pain interference” (SF22, expected
influence = 1.60). Relatively high expected influence was also found in “Tension” (HADS1,
expected influence = 1.30), “Interference with daytime functioning” (ISI7, expected influ-
ence = 1.12), and “Bodily pain” (SF21, expected influence = 0.70). The centrality difference
test indicated that only the nodes with the highest centrality values differed from those
with the lowest centrality values (see Supplementary Materials).
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3.3. Directed Acyclic Graph

Cross-sectional DAGs reveal directional dependence relations, where the presence
of one node more strongly implies the presence of another than vice versa. This enables
us to suggest the underlying causal relations between nodes when used in combination
with a GGM [21,22]. Figure 3 shows the DAG with the 13 nodes of the pain and sleep
network, where only edges greater than 0.25 are depicted. There are several notable
features. First, the DAG revealed a chain of constructs dependent on the parent nodes
“Expectational anhedonia” and “Tension”. Both showed equal probability of predicting
each other, regardless of the direction. While “Tension” appeared to equally predict
“Difficulties initiating sleep” and vice versa, it did show a probability of direction to
“Worry” greater than 0.5. Therefore, the occurrence of worry is more likely dependent on the
presence of tension than vice versa. Second, pain and sleep nodes did not directly predict
each other, except for “Average pain” which directly predicted “Difficulty maintaining
sleep”. Lastly, “Fatigue” and “Feeling slowed down” are terminal nodes in the DAG,
with edges from “Pain interference” and “Interference with daytime functioning”. These
terminal nodes showed equal probabilities of direction between each other.
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Figure 3. Bayesian networks, directed acyclic graphs: directional dependence relations. In the top
panel, edge thickness signifies the magnitude of the Bayesian Information Criterion (BIC). Thicker
edges indicate that the removal of the edge would significantly impact model fit. On the panel
underneath, edge thickness represents the probability of the direction depicted.

4. Discussion

This exploratory study aimed to understand how symptoms of nCSP and insomnia
are connected by examining the interconnections, strengths, and directions of symptoms of
sleep, pain, fatigue, anxiety and depression. Another aim was to identify the key symptoms,
shed light on the bidirectional nature of the nCSP-insomnia relationship, and elucidate
whether one condition exacerbates the other.

Previous research showed that sleep quality reduces pain thresholds, and perpetuates
pain symptoms and vice versa [2,8–12]. Thus, symptoms can be considered as constitutive
components of a disorder, actively influencing and maintaining each other through direct
causal interactions [19,20]. We found only one direct link between sleep and pain, namely,
between average pain and difficulties maintaining sleep. This amount of connections be-
tween sleep and pain symptoms might be explained by important differences between how
patients perceive various symptoms and objectively measured symptoms. For example,
differences arise in the measurement of sleep when comparing self-reported data and PSG
data [49]. Furthermore, the link between average pain and difficulties maintaining sleep
was rather weak. The strength of the association is not fully in accordance to previous
studies, suggesting a stronger association [8,11]. The strongest links were found between
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symptoms in the same cluster, which implicates that symptoms have a high probabil-
ity of covarying because they form an active part of the disorder [20]. Other relatively
strong edges emerged between “Feeling slowed down” and “Interference with daytime
functioning”. This is in line with the finding that people with insomnia might be more vul-
nerable to symptoms of anxiety and depression, because contrary to insomnia symptoms,
improvement in these symptoms did not predict a change in pain symptoms [8,10,12].

Symptoms of anxiety and depression are suggested to partially mediate the relation-
ship between pain and sleep [14]. In line with this, we found that the pain and sleep
clusters were indirectly linked through the cluster of anxiety and depression, suggesting
a mediating role. Symptoms of anxiety and depression are more strongly connected to
the symptoms of sleep. Also, contrary to the symptoms of sleep, pain symptoms are not
situated in the cascade of expectational anhedonia, tension, and worry in the DAGs. Thus,
persons with nCSP and comorbid insomnia who score high on the ISI items are more
likely to score high on the HADS items. In other words, insomnia symptoms might be
the consequence of the variables of the anxiety and depression cluster in the sleep and
pain network, while pain symptoms might not be. In addition, all symptoms of anxiety
and depression are rather parent nodes instead of the consequence of another node. The
only exception is feeling slowed down, which is suggested to be a terminal node in the
DAGs with direct connections from both insomnia and pain symptoms (i.e., pain interfer-
ence and interference with daytime interference due to insomnia). In other words, feeling
slowed down might be the consequence of interference in functioning due to both pain
and sleep. Here, pain interference might be a greater contributor to feeling slowed down
in comparison to interference due to insomnia. This is in line with previous research that
suggests that improvements in depression symptoms do not predict change in pain, as the
presence of feeling slowed down implies the presence of pain interference more strongly
than vice versa [8,10,12]. Besides feeling slowed down, fatigue also appeared as a terminal
node, as the presence of fatigue more likely implies the presence of pain interference in-
stead of interference in daytime functioning due to insomnia. This is in agreement with
fatigue being a prevalent complaint of both insomnia and chronic pain patients, and with
the patient-determined success criterion for the treatment of nCSP being the reduction of
fatigue [13,16]. Another possible explanation might be an increase in Type II errors due to
the very small sample size in the present study and/or the limited measure of fatigue, in
which there is no distinction between mental and physical fatigue [24,41].

Additionally, a network analysis allowed us to reveal the key symptoms in the net-
work. First, the most central constructs in the pain–sleep network were pain interference,
bodily pain, interference in daytime functioning, and tension. These constructs were not
significantly more central compared to each other in this network. This might be explained
by the effect of a small sample size on the accuracy of centrality measures [24]. Nevertheless,
when a construct is connected to many nodes but only explains a little of the variance in the
network, this construct might not be as important to the network as a construct which is
connected to only two other constructs but explains half of the variance in the network [21].
In this network, the most central constructs, except for tension, were most determined by
all other constructs in the network, which suggests some importance to the network, which
is, however, limited due to the lack of a large sample size. Furthermore, it is important
to note that the networks do not include all possible variables. Missing nodes include
stressors other than pain, predisposing factors for insomnia (e.g., arousal predisposition),
fear of pain, etc. These and other “etiological nodes” are unobserved and thus latent in
this network structure [20]. Although they probably influence other variables, they do not
form an unobserved variable that influences all other variables. Thus, they do not qualify
to portray latent variables as implied in the latent variable model [20].

Previous research showed a reciprocal relation between sleep disturbance and chronic
pain, where sleep quality reduces pain thresholds, and perpetuates pain symptoms and
vice versa [2,8–12]. Nonetheless, sleep disturbance is considered a better predictor of pain
than vice versa. This is suggested to lie in the contribution of insomnia in the abnormalities
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in pain processing and hyper analgesic responses [8,9]. Contrary to the cited research,
we found only one direct, but weak, link between sleep and pain, in which pain is more
strongly connected to sleep compared to the other way around. This means that the
difficulties maintaining sleep might be a consequence of the presence of average pain in
nCSP patients with comorbid insomnia [21]. In other words, if difficulties maintaining
sleep are present, it more strongly implies the presence of average pain than vice versa.
One potential explanation for the lack of strong, direct associations between sleep and
pain might be that anxiety, depression, and fatigue mediate the link between insomnia and
nCSP [10,12,13]. Another possible explanation is that questionnaires assess the subjective
experience of symptoms, which is different from the objective measurements of these
symptoms, and might be subject to reporting biases [50,51].

Moreover, the symptoms of anxiety and depression are parent nodes instead of the
consequence of another node. Only feeling slowed down might be the consequence of inter-
ference in functioning due to both pain and sleep. This aligns with the vulnerability model
of tonic/phasic dopamine dysregulation, suggesting that irregularities in the mesolimbic
dopamine system trigger insomnia, chronic pain, and depression symptoms [18]. Exacerba-
tions of these symptoms create a feedback loop, which further contributes to dopamine
dysregulation [14].

4.1. Strengths and Limitations

This study has several strengths. Firstly, to our knowledge, no research using network
analysis on an item level and directed acyclic graphs has been applied to assess comorbidity
between nCSP and insomnia. This could potentially inspire further studies to examine
the interrelations within a larger sample size, which is a crucial step in confirming the
robustness and generalizability of our initial findings. Moreover, we used standardized
questionnaires. Nevertheless, some limitations of our study can be mentioned. First,
in terms of network analyses, our sample size is limited. This may have led to poor or
acceptable (but not ideal) stability [24]. Therefore, the interpretation of this explorative
study should be performed with care. Second, cross-sectional DAGs can only disclose
directional dependence relations, but cannot confirm temporal precedence [22]. Third, the
assumption of causal sufficiency and causal faithfulness in DAGs were violated in this
study. In other words, not all common causes are integrated in the network [48]. This
means that the estimated causal effects may be biased [48]. Adhering to these assumptions
is challenging in psychological data, as it is difficult to retain information in questionnaires
on the directionality of influence between symptoms and if there are latent variables
underlying these symptoms [48]. Therefore, these assumptions, with the causal faithfulness
in particular, are likely to be violated [48].

Implications

These directional dependence relations among symptoms should not be mistaken
for causal relations either. Consequently, straightforward implications for treatment in
individuals with nonspecific chronic spinal pain and comorbid insomnia are difficult to
obtain. Early research on network analysis suggested that symptoms high on strength
centrality could be potential therapeutic targets for intervention [52,53]. Later work on net-
work analysis urged to reconsider this, as drawing this conclusion comes with caveats [54].
Therefore, our presented results are best understood as a step toward theories about the
structure of the causal system underlying nonspecific chronic spinal pain and comorbid
insomnia [22]. In other words, these results could be seen as simplified, preliminary depic-
tions of potential causal associations, which, in turn, could lead to clearer, straightforward
implications for diagnosis, assessment, and treatment [22].

5. Conclusions

The current study explored the interrelationships between pain and sleep in nonspe-
cific chronic spinal pain patients with comorbid insomnia, identifying key symptoms and
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highlighting the role of anxiety, depression, and fatigue. Contrary to previous research, no
direct, or at best weak, links were found between sleep and pain, except average pain and
difficulties maintaining sleep. Anxiety and depression were more strongly connected to
sleep compared to pain, suggesting their influence in the sleep–pain relationship. Further-
more, feeling slowed down and fatigue emerged as terminal nodes, also implying their
role as consequences of the network. Overall, we contributed insights into the interrela-
tionship between sleep and pain. Future studies could further explore the interrelations in
nonspecific chronic spinal pain patients.
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//www.mdpi.com/article/10.3390/jcm13051452/s1, Table S1: Edge-weights matrix: regularized
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Abstract: (1) Background: Attention Deficit Hyperactivity Disorder (ADHD)-like symptoms and
insomnia are closely related. The present study examined whether the use of different sleep aids
was related to severe ADHD-like symptoms in Jordanian adults screened for insomnia. (2) Methods:
This cross-sectional study used predefined inclusion criteria. The severity of ADHD was assessed
using the validated Arabic version of the Adult ADHD Self-Report Scale. (3) Results: Data were
analyzed from 244 subjects who met the inclusion criteria for severe insomnia, of which 147 (65.3%)
reported not using any sleep aid, 50 (22.3%) reported using homeopathy remedies as sleep aids,
and 41 (18.3%) reported using over-the-counter antihistamines as sleep aids. Regression analysis
revealed that the use of such sleep aids—namely, “homeopathy herbal remedies” and “over-the-
counter antihistamines”—was not associated (p > 0.05) with ADHD-like symptoms. However, “age
above 31 years old” was significantly associated (B = −3.95, t = −2.32, p = 0.002) with lower ADHD
severity, while the “diagnosis with chronic diseases” was significantly associated (B = 4.15, t = 1.99,
p = 0.04) with higher ADHD severity. (4) Conclusions: Sleep aids are not associated with ADHD-
like symptoms in adults. More research is required to uncover the risk factors for adult ADHD,
especially insomnia.

Keywords: Attention Deficit Hyperactivity Disorder (ADHD); insomnia; sleep aids; Adult ADHD
Self-Report Scale

1. Introduction

Attention Deficit Hyperactivity Disorder (ADHD), a complex neurodevelopmental
condition, has been a focal point for researchers and clinicians for the past 30 years. This
novel research draws upon extensive expertise to explore recent scientific findings on
ADHD, highlighting the intricate interplay of genetic, environmental, and neurological
factors in its manifestation. Globally, adult ADHD prevalence ranges from 2.5% to 4.4%,
with the National Institute of Mental Health (NIMH) reporting an overall prevalence of
4.4%, with higher rates in males (5.4%) than females (3.2%) [1]. A 2021 global meta-analysis
reported a prevalence of 2.58% for persistent adult ADHD and 6.76% for symptomatic adult
ADHD [2]. Also, adult ADHD is a significant burden in different countries; for example,
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adult ADHD prevails in 5.2% of the population in the United States, 6% in Northern Ireland,
1.8% in China, and 2.9% in Canada [3,4].

Adult ADHD can exert a notable influence on diverse facets of an individual’s life,
including their career trajectory, interpersonal relationships, and various other aspects of
daily life [5].

Insomnia is prevalent among adults with ADHD [6]. The relationship between ADHD
and sleep problems is reciprocal, with ADHD symptoms potentially causing insomnia
and improved sleep quality possibly alleviating ADHD symptoms. Factors such as side
effects of ADHD medications, hyperactivity, and restlessness may contribute to sleep
disturbances in individuals with ADHD [7]. Research suggests that bright light therapy in
the morning has promise in improving sleep-related issues in adults with ADHD. Those
dealing with both ADHD and insomnia must maintain good sleep hygiene, consider
behavioral therapies, and consult a doctor for appropriate treatment options when needed.

Insomnia, an integral part of the mental health spectrum, is highly affected by stressful
environmental events or the distressing, violent, and aggressive content of war, which has
a global impact on mental health [8,9]. It has been reported that there is a link between the
severity of ADHD symptoms, different dimensions of ADHD symptoms, symptoms of
insomnia, and sleep duration in adults. This underscores the recurring connection between
noteworthy ADHD symptoms, specifically inattention and hyperactivity, and insomnia
symptoms, alongside changes in sleep duration. There is an urgent need to evaluate and
address insomnia and changes in sleep duration among adults with ADHD [10]. Other
studies have reported sleep-related factors in adults diagnosed with ADHD. They revealed
that approximately 85% of participants experienced excessive daytime sleepiness or subpar
sleep quality, with prevalent issues including difficulty falling asleep initially, disrupted
sleep, and feeling excessively warm during sleep. Moreover, distinctions emerged between
individuals who predominantly exhibited inattentive symptoms (ADHD-I) and those with
combined symptoms (ADHD-C). The ADHD-I group reported lower sleep quality and
increased fatigue compared to the ADHD-C group, with a notable interplay between
subtype and gender influencing perceptions of fatigue [11].

The potential link between the use of sleep aids, specifically antihistamines, and
the risk of ADHD in children is an evolving research topic. The impact of such aids on
adult ADHD has not been adequately studied [12]. It is recognized that the relationship
between sleep and ADHD is complex. Children with ADHD experiencing persistent
sleep-onset insomnia may find melatonin beneficial in improving both the time taken to
initiate sleep and overall duration of sleep. Sleep problems are common in adults with
ADHD, and the interplay between ADHD and sleep disturbances is bidirectional [7]. While
the precise effects of sleep aids on adult ADHD are not fully understood, it is crucial to
consider potential consequences, including those of antihistamines, and seek guidance
from healthcare professionals when addressing sleep issues in the context of ADHD [13].

The relationship between adult ADHD and sleep aid use has yet to be explored in
Jordan. Nevertheless, existing research has investigated the impact of stimulant medica-
tions on the sleep patterns of adults with ADHD [7,12]. These investigations suggest that
stimulant medications may induce side effects that lead to insomnia and compromise the
overall quality of sleep in this population. Therefore, it is crucial for clinicians to monitor
and address the potential impact of stimulant medications on sleep dynamics in adults
with ADHD.

The principal objective of this study is to examine the potential correlation between
self-administration of sleep aids and various clinical factors leading to heightened ADHD
symptoms in a cohort of individuals in Jordan who underwent screening for insomnia
during the ongoing war in Gaza. This study aims to address a significant void in the
current academic literature by specifically focusing on the interconnection between self-
medication practices involving sleep aids, coupled with other clinical variables, and the
emergence of elevated ADHD symptoms. Existing studies have primarily explored ADHD
symptoms and their associations with sleep-related challenges, as shown in the SWOT
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analysis in Table 1. However, there is a noteworthy deficiency in the research conducted in
the Jordanian context, particularly concerning self-medication practices with sleep aids.
Through this inquiry, we aim to provide innovative perspectives that not only enhance
the prevailing comprehension of ADHD symptoms in the context of insomnia, but also
furnish healthcare practitioners, policymakers, and researchers engaged with the Jordanian
population with valuable insights. The study is meticulously crafted to bridge this gap
and deliver a more comprehensive understanding of the complex relationship between
self-medication practices, clinical factors, and ADHD symptoms, thereby contributing
to the intellectual discourse in this specialized domain. The study’s characteristics are
evaluated in Table 1 below.

Table 1. Evaluation of study characteristics—strengths, weaknesses, opportunities, and threats in
investigating the relationship between sleep aids and ADHD in the Jordanian population.

Strengths Weaknesses Opportunities Threats

- Addresses a specific gap
in the literature by
focusing on the
Jordanian population,
providing a unique and
context-specific
perspective on the
relationship between
sleep aids and ADHD.

- Limited Generalizability:
Focus on the Jordanian
population may restrict
applicability to other
cultural or demographic
contexts.

- Informing Interventions:
Positive findings could
contribute to targeted
interventions for
Jordanian individuals
experiencing ADHD
symptoms in the context
of insomnia.

- External Factors:
Economic, political, or
social factors in Jordan
may impact study
implementation and
outcomes.

- Comprehensive
approach: Aims to
explore the multifaceted
relationship by
considering various
clinical factors,
contributing to a more
thorough understanding
of the subject.

- Potential Bias:
Self-reporting of sleep
aid use and ADHD
symptoms may
introduce bias as
participants may not
accurately recall or
report their behaviors.

- Guidance for Healthcare
Practices: Study can
guide healthcare
practitioners in
addressing
self-medication practices
with sleep aids and
managing ADHD
symptoms.

- Limited Participation:
Difficulty in recruiting a
representative sample
may compromise study
validity and
applicability.

- Practical Implications:
Findings could have
practical applications for
healthcare practitioners,
policymakers, and
researchers, offering
valuable insights for
potential interventions
or guidelines.

- Complexity of Variables:
Involvement of various
clinical factors may
introduce complexity,
making it challenging to
isolate the direct impact
of sleep aids on ADHD
symptoms.

- Foundation for Further
Research: Successful
completion could lay the
groundwork for further
research exploring
similar relationships in
diverse populations or
refining methodologies.

- Ethical Considerations:
Ensuring participant
confidentiality and
addressing potential
ethical concerns related
to self-medication
practices and mental
health disclosures is
crucial.

2. Materials and Methods
2.1. Study Design and Recruitment

This cross-sectional study recruited a cohort of Jordanians using a convenient sampling
method. The web-based study was approved by Yarmouk University IRB committee
(protocol code 692) on 28 December 2023. All the participants read about and agreed to be
enrolled in the study by choosing the option “I agree to participate” on the informed consent
form provided by the corresponding author. All of the data obtained were anonymous.
The study instrument was uploaded onto a Google Form, and the link was distributed on
various social media platforms in Jordan. Data were collected during January 2024. The
sample size was based on a confidence level of 95%, a confidence interval of 5%, and an
estimated population size of 10 million. This resulted in the need to recruit 384 participants
before the inclusion criteria could be applied.
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2.2. Inclusion Crieria

Exclusive consideration was given to adults who reported clinically significant in-
somnia, as determined by the Arabic version of the Insomnia Severity Index (ISI-A) [14].
Developed by Morin et al. [15], the ISI-A consists of seven questions with Likert-type
responses and produces a score in the range of 0 to 28. A cut-off score exceeding 14 is
established as an indicative threshold for severe insomnia symptoms.

2.3. Study Instrument
Covariates

Demographic data and relevant information were systematically recorded, encom-
passing variables such as gender (male or female), age (below 30 years old or 30 years old
and above), marital status (single or married), number of family members (fewer than five
members or five members or more), the highest level of education completed (bachelor’s
degree or graduate studies), smoking status (smoker or non-smoker), participants’ affili-
ation with the medical field (affiliated or unaffiliated), employment status (employed or
unemployed), and any previous diagnoses of chronic conditions, with a primary focus
on hypertension, diabetes, and dyslipidemia. To determine the specific self-medication
practices related to sleep aids within the study sample, participants were given the auton-
omy to choose one or more options from the following categories: “homeopathy herbal
remedies”, “over-the-counter sedating antihistamines”, or “never used any sleep aid”.

2.4. Outcome Variable
ADHD Symptom Severity

The assessment of symptoms resembling ADHD was carried out using the validated
Arabic version of the Adult ADHD Self-Report Scale-V1.1 (ASRS), which comprises an
18-item scale. Aligned with the diagnostic criteria outlined in the Diagnostic and Statistical
Manual of Mental Disorders (DSM) for ADHD, this scale produces a score in the range of 0
to 72, with higher scores indicating more severe symptoms [16,17].

2.5. Data Analysis

Frequencies and percentages were used to describe the demographics of the study
sample. To determine which covariates are associated with ADHD severity, a preliminary
univariate linear regression analysis was carried out, and potential confounders showing
p < 0.1 were included in the multivariate linear regression analysis. Confidence intervals
were set at 95%, and significance was set at p < 0.05. Data were analyzed using SPSS
version 21.

3. Results
3.1. Response Rate

A total of 542 participants were approached, 487 agreed to participate, and 263 participants
did not meet the inclusion criteria for insomnia; therefore, the data from 224 participants
were analyzed.

3.2. Study Sample Demographics

The demographic analysis of the study resulted in insightful findings about the partic-
ipant profile. Out of the initial 542 participants approached, 487 consented to participate,
resulting in a comprehensive dataset of 224 participants after excluding 263 individuals
who did not meet the inclusion criteria for insomnia. Among the participants, 156 (69.6%)
were females, highlighting a significant gender disparity in favor of women. It is worth
noting that 156 (69.6%) participants were single, indicating a substantial proportion of
unmarried individuals in the study. From a demographic standpoint, 118 (52.7%) partici-
pants reported having five or more family members, a factor that warrants consideration
due to its potential implications for sleep patterns and overall well-being. Additionally,
the employment status of the participants was significant, with 155 (69.2%) reporting
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unemployment, which may have an impact on lifestyle and sleep routines. Regarding
lifestyle factors, 90 (40.2%) participants disclosed being smokers, providing further insight
into potential contributors to sleep patterns and overall health. Shifting the focus to the
usage of sleep aids, 147 (65.3%) participants reported not using any sleep aids, indicating
a prevalent reliance on natural sleep patterns. Among those who did use sleep aids, 50
(22.3%) opted for homeopathic remedies, revealing a preference for natural or alternative
approaches to sleep management. Moreover, 41 (18.3%) participants reported using over-
the-counter antihistamines as sleep aids, highlighting a segment of the population that
relies on pharmaceutical options. These meticulous demographic details and sleep aid
usage patterns present a nuanced portrayal of the study population, establishing a solid
foundation for a comprehensive analysis of the correlation between sleep aid utilization
and ADHD-like symptoms in adults grappling with insomnia. The detailed results are
succinctly summarized in Table 2.

Table 2. Sample characteristics (n = 224).

Factor Category n (%)

Sex
Male 68 (30.4)

Female 156 (69.6)

Age
Below 30 years 148 (66.1)

31 years and above 76 (33.9)

Marital status
Single 156 (69.6)

Married 68 (30.4)

Family members
Fewer than 5 106 (47.3)

5 or more 118 (52.7)

Highest education
Bachelor’s 190 (84.8)

Graduate studies 34 (15.2)

Employment status
Unemployed 155 (69.2)

Employed 69 (30.8)

Are you studying?
no 131 (58.5)

yes 93 (41.5)

Are you in the medical field?
No 106 (47.3)

Yes 118 (52.7)

Smoking status
Non-smoker 134 (59.8)

Smoker 90(40.2)

Diagnosed with chronic diseases?
No 183 (81.7)

Yes 41 (18.3)

I use herbal homeopathy preparations for sleep 50 (22.3)

I use over-the-counter antihistamines for sleep (sedating antihistamines) 41 (18.3)

I do not use any sleep aids 147 (65.3)

3.3. Correlates of ADHD Symptom Severity

The severity of ADHD symptoms was evaluated using the validated Arabic version
of the ASRS. Higher scores indicated greater ADHD severity. To identify factors associated
with ADHD, an initial univariate linear regression analysis was conducted (as shown in
Table 3), followed by a comprehensive multivariate analysis with ADHD as the dependent
variable (Table 4). It is worth noting that the final model was adjusted for both “age”
and “diagnosis with chronic diseases”. The results of the analysis revealed a significant
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association between individuals aged above 31 years and lower ADHD severity (B = −3.95,
t = −2.32, p = 0.002). Conversely, a diagnosis of chronic diseases was significantly associated
with higher ADHD severity (B = 4.15, t = 1.99, p = 0.04), suggesting a notable correlation
between health conditions and the manifestation of ADHD-like symptoms. Interestingly,
the utilization of sleep aids did not demonstrate any statistically significant association
with ADHD-like symptoms. Therefore, it can be inferred that the presence or absence of
sleep aid usage did not impact the severity of ADHD symptoms in the study population.
These findings, systematically presented in Tables 3 and 4, contribute to a comprehensive
understanding of the factors influencing ADHD severity in the cohort under study. They
have implications for both clinical considerations and future research endeavors.

Table 3. Univariate linear regression for ADHD symptoms as the dependent variable.

Factor B t p 95% CI

Female gender 2.67 1.51 0.13 −0.80–6.13

Age above 31 years −3.53 −2.08 0.03 * −6.88–−0.19

Married −3.89 −2.29 0.02 * −7.33–−0.45

Five or more family members 1.54 0.95 0.34 −1.66–4.74

Graduate studies −2.64 −1.17 0.24 −7.09–1.80

Employed 0.47 0.26 0.79 3.0–3.93

Student 1.00 0.61 0.54 −2.24–4.26

Medical field 2.67 1.65 0.10 −0.51–5.86

Smoking 2.99 1.81 0.07 −0.25–6.23

Diagnosed with chronic diseases 3.55 1.70 0.09 −0.56–7.67

I use herbal homeopathy preparations for sleep −1.32 −0.68 0.49 −5.16–2.51

I use over-the-counter antihistamines for sleep 1.37 0.65 0.51 −2.76–5.51

I do not use any sleep aids −0.53 −0.31 0.75 −3.91–2.83

The ADHD symptom severity was assessed using the validated Arabic version of ASRS. B: beta, t: t-value, CI:
confidence interval, * p < 0.05.

Table 4. Multivariate linear regression for ADHD symptom severity as the dependent variable.

Factor B t p 95% CI

Age above 31 years −3.95 −2.32 0.002 −7.31–−0.60

Diagnosis with a chronic disease 4.15 1.99 0.04 0.05–8.26

The ADHD symptom severity was assessed using the validated Arabic version of ASRS. CI: confidence interval.

4. Discussion

The objective of this investigation was to examine the potential association between
the use of sleep aids, such as antihistamines or homeopathic remedies, and ADHD-like
symptoms in adults being screened for insomnia. Our findings indicate that the sleep
aids used by the participants did not have any significant correlation with the severity of
ADHD symptoms. However, we did find other factors that were strongly correlated with
the severity of ADHD symptoms in the study population. Younger age was significantly
associated with more severe ADHD symptoms, highlighting the importance of age in
understanding the manifestation of ADHD-like symptoms. Additionally, individuals with
chronic illnesses were also linked to higher ADHD symptom severity, suggesting a potential
interaction between health conditions and the severity of ADHD symptoms in adults with
insomnia. These findings provide valuable insights into the complex relationship between
sleep aid usage, demographic factors, and the severity of ADHD-like symptoms. Further
research is needed to fully explore the connections among these variables and gain a

20



J. Clin. Med. 2024, 13, 1682

more comprehensive understanding of the factors influencing ADHD symptomatology in
individuals undergoing insomnia screening.

The use of antihistamines is well established for dermatological and respiratory al-
lergies. Previous studies have related the use of antihistamines to an increased risk of
ADHD symptoms in children. For example, in one pilot retrospective study on children
aged 6–12 years with atopic dermatitis, the study concluded that previous exposure to
antihistamines was associated with about a two-fold incidence of developing ADHD symp-
toms [18]. In addition, another recent cohort study recruiting data from >40,000 children
has demonstrated that children exposed to antihistamines have a 35% risk of ADHD [19].
Our findings revealed that antihistamines were not associated with ADHD symptom sever-
ity. Although the precise explanation of this finding requires additional larger-scale studies,
several factors can provide insights. One possible explanation is that the metabolism and
the distribution of these sedating antihistamines are different in adults, thus leading to
alteration in the drug’s bioavailability and therefore its concentration in the site of action,
in this case, the central nervous system. Another explanation is that the present study
examines the whole class of antihistamines without stratification of each medication in this
group. Perhaps future studies could study the effect of individual antihistamines such as
chlorpheniramine or diphenhydramine that are frequently consumed as over-the-counter
sleep aids [20]. Another explanation is that other demographics and clinical factors such
as the chronic diseases of the participants and the chronically received medications could
interfere with cognition. This is one of few studies that brings adult ADHD under the
spotlight. Previous studies have indicated that the vast majority of adults with ADHD
are underdiagnosed and undertreated [2]. The proper diagnosis of ADHD is quite chal-
lenging as it overlaps with other psychiatric illnesses, such as depression and anxiety [21],
especially in developing countries such as Jordan where these disorders are stigmatized.

In the present study, it was found that participants aged above 30 years old were less
likely to experience symptoms of severe ADHD and vice versa, i.e., participants with an
age lower than 30 years were at a lower risk of developing severe ADHD symptoms. This
supports previous research showing that a majority of adults with ADHD had symptoms in
their youth [22]. The higher prevalence of ADHD symptoms in younger adults may be due
to the challenges they face in educational settings, which are more demanding compared
to the flexible working environments available to adults [23,24]. These findings emphasize
the importance of considering developmental stages and environmental factors when
studying ADHD symptoms in adults. Further research is needed to explore the relationship
between age, environmental stressors, and ADHD symptoms for a more comprehensive
understanding of this complex interaction.

The presence of chronic diseases in our cohort was predictive of higher ADHD symp-
tom severity. In the present study, chronic diseases were mainly cardiovascular (hyperten-
sion and diabetes). This finding is consistent with previous studies. For example, a large
cross-sectional study confirmed a positive association between cardiovascular disease and
ADHD [25]. In addition, a recent study revealed that 46% of patients with type 2 diabetes
reported ADHD-like symptoms [26]. This could be explained by the fact that subjects
with ADHD-like symptoms could adopt negative behaviors that exacerbate metabolic
control [27]. Moreover, both cardiovascular and cognitive impairment could share com-
mon ground in stress and inflammation [28,29]. Additionally, the medications used for
chronic diseases could predispose patients to cognitive and mood disturbances [30,31]. The
cross-talk between cardiovascular diseases and ADHD symptoms has common ground in
biological backgrounds. This includes implication of the immune system, inflammatory
cascades, neuromodulation, and hormonal dysregulation mainly in the hypothalamic–
pituitary–adrenal (HPA) axis, as in [32]. In addition, the daily consumption of cardiovascu-
lar medications could predispose people to cognitive-related symptoms, although research
in this area did not result in conclusive results [30,33]. This represents an attractive and
challenging topic to investigate due to the complexity of the demographical, clinical, and
patient’s intrinsic factors. For example, some studies could not relate the use of cardiovas-
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cular medications to impaired cognition [33]; on the other hand, another investigation that
recruited a cohort of geriatric subjects concluded that the use of cardiovascular medications
was significantly associated with lower incidence of cognitive impairment [34].

This study contributes to the limited literature focusing on adult ADHD symptoms. Al-
though the idea, the validated scales, and the statistical model are all considered strengths,
the study has some limitations. The symptoms of ADHD were not assessed by a profes-
sional psychiatrist. Although the study used a validated scale, as in previous studies, the
self-reported scales could be associated with high prevalence rates compared to accurate
medical or psychiatric diagnosis. Another limitation is that the study findings cannot
be generalized to the Jordanian population as this would require an expansion of the
study sample. In addition, the study did not examine other potential confounders, such
as lifestyle, food and water consumption, the potential effect of chronic medication, and
others. Also, the design did not include the names of specific antihistamines or herbal
remedies. Furthermore, the cross-sectional design did not allow for the examination of the
causal relationship between sleep aids and ADHD symptoms.

5. Conclusions

Our study investigated the correlation between the use of sleep aids and ADHD-like
symptoms in adults with insomnia in Jordan. Among the 244 participants who had severe
insomnia, 65.3% did not use any sleep aids. Homeopathic remedies were chosen by 22.3%
of participants, while 18.3% used over-the-counter antihistamines. Contrary to our initial
hypothesis, regression analysis did not find any statistically significant relationship between
the use of sleep aids (specifically homeopathic herbal remedies and over-the-counter
antihistamines) and ADHD-like symptoms (p > 0.05). However, certain demographic
factors did affect the severity of ADHD symptoms. Participants being over the age of
31 showed a significant association with lower ADHD severity, while a diagnosis of
chronic diseases was linked to higher ADHD severity. The analysis of demographic data
provided intriguing insights into the study population. The higher prevalence of females
and unmarried individuals suggests that gender and marital status may influence the
severity of ADHD. Furthermore, information on family size, employment status, and
smoking habits helped us gain a better understanding of the cohort. Correlational analysis,
including univariate and multivariate linear regression, further supported the impact of
age and chronic diseases on ADHD severity. These findings underscore the importance of
considering both demographic and health-related factors when evaluating adult ADHD.
Importantly, the use of sleep aids did not contribute to ADHD-like symptoms in this
particular population. These results contribute to the existing research on adult ADHD
and emphasize the significance of age and health status in determining the severity of
symptoms. Future studies should explore the intricate relationship between insomnia,
sleep aids, and ADHD in diverse populations to gain further insights into potential risk
factors and approaches to treatment.
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Highlights:

What are the main findings?
• SN dysfunction is the common denominator of insomnia, schizophrenia (SCZ), and frontotemporal

dementia behavioral variant (bvFTD).

What is the implication of the main finding?
• The diagnosis of bvFTD is often missed or misdiagnosed in forensic institutions.
• To ensure adequate placement and treatment planning, courts and clinicians require education to

differentiate bvFTD from SCZ.

Abstract: Forensic hospitals throughout the country house individuals with severe mental illness
and history of criminal violations. Insomnia affects 67.4% of hospitalized patients with chronic
neuropsychiatric disorders, indicating that these conditions may hijack human somnogenic pathways.
Conversely, somnolence is a common adverse effect of many antipsychotic drugs, further highlighting
a common etiopathogenesis. Since the brain salience network is likely the common denominator for
insomnia, neuropsychiatric and neurodegenerative disorders, here, we focus on the pathology of this
neuronal assembly and its likely driver, the dysfunctional neuronal and mitochondrial membrane. We
also discuss potential treatment strategies ranging from membrane lipid replacement to mitochondrial
transplantation. The aims of this review are threefold: 1. Examining the causes of insomnia in forensic
detainees with severe mental illness, as well as its role in predisposing them to neurodegenerative
disorders. 2. Educating State hospital and prison clinicians on frontotemporal dementia behavioral
variant, a condition increasingly diagnosed in older first offenders which is often missed due to the
absence of memory impairment. 3. Introducing clinicians to natural compounds that are potentially
beneficial for insomnia and severe mental illness.

Keywords: Von Economo neuron; interoceptive awareness; frontotemporal dementia behavioral
variant; phenazines

1. Introduction

One of the most common sleep disorders in the United States, primary insomnia,
is usually defined as long sleep latency, difficulty staying asleep, prolonged nighttime
wakefulness, and/or early morning awakening [1]. In prison, approximately 60% of
inmates experience insomnia, a prevalence 6–10 times higher than in the population at
large [2]. Moreover, insomnia is present in 67.4% of hospitalized patients with severe
mental illness, suggesting that the pathways of sleep and neuropathology are highly
intertwined [3].

Forensic psychiatric hospitals admit patients with schizophrenia (SCZ) or schizophr-
enia-like disorders (SLDs) and criminal violations. Insomnia is common in this population
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and failure to address this condition may increase healthcare expenditure due to medical
complications, including metabolic, cardiovascular, and neurodegenerative disorders.

The salience network (SN), comprised of the anterior insular cortex (AIC), anterior
cingulate cortex (ACC) and several subcortical nodes, has recently been implicated in
the etiopathogenesis of insomnia, SCZ, and neurodegenerative disorders [4–9]. SN is
comprised of Von Economo neurons (VENs), a special class of large, spindle-shaped cells
found only in humans and superior mammals that are believed to drive empathy, social
awareness, and emotional intelligence [10].

At the molecular level, incarceration, insomnia, and severe mental illness have been
associated with premature cellular senescence, a phenotype marked by increased intracellu-
lar iron and mitochondrial damage [11–18]. Premature cellular senescence is driven by the
aryl hydrocarbon receptor (AhR), expressed in neuronal cytosol and mitochondria [19–21].
Senescent cells upregulate intracellular iron which, in the proximity of cytosolic fats, increases
the risk of lipid peroxidation and neuronal demise by ferroptosis [22–24]. Ferroptosis is a
programmed cell death induced by iron in the context of antioxidant failure marked by the de-
pletion of glutathione peroxidase-4 (GPX-4) [25,26]. GPX-4 is a mitochondrial enzyme which
averts ferroptosis by repairing the oxidized phospholipids and cholesterol in mitochondrial
and neuronal membranes [27]. Ferroptosis causes mitochondrial swelling, loss of cristae, dis-
sipation of the membrane potential, as well as an increase in membrane permeability, changes
that ultimately lead to mitochondrial loss [28]. Mitochondrial dysfunction and loss drive
cellular senescence, a phenotype found in insomnia, severe mental illness and frontotemporal
lobar degeneration (FTLD) [29–32]. In addition, insomnia, SCZ, and frontotemporal dementia
(FTD) have been connected to impaired phagocytosis of senescent cells by natural killer cells
(NKCs) [33–35]. Accumulation of senescent cells due to accelerated aging and impaired
removal leads to inflammation, a pathology encountered in sleep deprivation, severe mental
illness and FTD [36–38]. Since mitochondria is a key driver of inflammation, dysfunction or
loss of these organelles likely account for these pathologies [39,40].

To compensate for dysfunctional mitochondria, neurons import these organelles from
glial cells, especially the astrocyte [41,42]. In large cells, such as VENs, mitochondria
are more vulnerable to damage and autophagic elimination as they undergo more wear
and tear during their journey through the long axons of these neurons [42]. Due to their
small number (around 193,000) and their large sizes, VENs are more susceptible to plasma
membrane oxidative stress, which may trigger significant pathology even after a limited
neuronal loss, a pathology encountered in frontotemporal dementia behavioral variant
(bvFTD) [43].

Since mitochondria are crucial for neuronal function, preserving the integrity of these
organelles via membrane lipid replacement (MLR) and other natural strategies is of utmost
importance. Microbial phenazines and the novel antioxidant phenothiazine derivatives
offer new opportunities to combat insomnia, psychosis, and neurodegeneration at the level
of cell and mitochondrial membranes.

1.1. Salienve Network in Sleep and Neuropathology

The SN is comprised of ACC and AIC which, along with subcortical nodes in the
hypothalamus, thalamus, striatum, and midbrain, process salient stimuli [44,45]. SN
functions as a switch between exteroception and interoception or central executive network
(CEN) and default mode network (DMN), depending on stimulus relevance [46]. Switching
from CEN to DMN and vice versa is impaired in severe mental illness, insomnia, and
neurodegenerative disorders [47]. Several antipsychotic drugs are known to lower the
salience assignment to objects and events, likely restoring SN function, which, in turn, may
ameliorate insomnia and psychosis [48].

The SN harbors VENs, which are large, corkscrew neurons located in layer V of the AIC
and ACC. These non-telencephalic cells are believed to drive prosocial cognition, empathy,
and emotional intelligence. As parts of the SN, VENs respond to endogenous or exogenous
stimuli in the order of priority. VENs are selectively eliminated in bvFTD, a disorder
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marked by criminal violations, lack of empathy, poor insight, and sleep impairment [49–53].
In forensic institutions, bvFTD is increasingly diagnosed in older first offenders with no
previous criminal history and often coexists with insomnia and altered eating habits.

Under physiological circumstances, sleep is driven by the ventrolateral preoptic nu-
cleus (VLPO) of the anterior hypothalamus which releases inhibitory neurotransmitters,
including γ-aminobutyric acid (GABA), and galanin [54]. The opposing system, orexin
(hypocretin) neurons in the lateral hypothalamus, inhibits VLPO [55–57]. In addition,
orexin/hypocretin neurons induce wakefulness by blocking melanin concentrating hor-
mone (MCH), a somnogen released by the hypothalamus and zona incerta [58,59]. Orexin
and DA, the key players of saliency, have been implicated in the neuropsychiatric disorders
associated with sleep disturbances, including narcolepsy, attention-deficit/hyperactivity
disorder (ADHD), and Parkinson’s disease (PD) [60]. Histamine is another wakefulness-
promoting neurotransmitter implicated in SCZ and a novel target for treating negative and
cognitive symptoms [61].

To better comprehend the pathogenesis of insomnia, it is necessary to study the path-
ways of wakefulness, a brain state driving self-awareness and probably consciousness [62].
Early studies on this subject have focused on the locus coeruleus, midbrain tegmentum,
pons, and parabrachial nucleus, as neurons in these regions are active during wakeful-
ness [63,64]. In the early 1900s, while studying encephalitis lethargica, Constantin von
Economo found that lesions in the posterior hypothalamus were associated with sleep,
hypothesizing that this area contained the “center of wakefulness” [65–67].

Fatal familial insomnia (FFI), a rare autosomal dominant disease, is marked by hy-
pometabolism and neuronal loss in the thalamus and ACC, linking this condition to the
SN [68–72]. The role of SN in sleep physiology and pathology is further highlighted by the
anesthetics, especially propofol, which lower salience processing, inducing sleep [68–78].
Moreover, recent studies on sleep-deprived human volunteers and patients with primary
insomnia demonstrated altered connectivity in AIC, further linking SN to sleep and wake-
fulness [79,80]. Furthermore, several preclinical studies are in line with the findings in
humans, implicating the SN in slumber homeostasis [74,81].

Aside from insomnia and neuropsychiatric pathology, the SN connectivity is dis-
rupted in neurodegenerative disorders, including Alzheimer’s disease (AD), Parkinson’s
disease (PD), and bvFTD, suggesting that insomnia and neuropathology are highly inter-
twined [82–86]. Indeed, dysfunctional AIC and ACC connectivity may account for the
criminal violations in patients with bvFTD, in which breaking the law may often be the
initial dementia symptom [87,88].

1.2. Salience Network in Frontotemporal Dementia Behavioral Variant

The second most common neurodegenerative disorder after AD, bvFTD, is marked by
inappropriate emotional responses and disinhibited behaviors, often leading to criminal
violations, as this pathology targets VENs selectively [52,89]. In forensic institutions,
individuals with first incarceration after the age of 55 may suffer from bvFTD, an entity
difficult to diagnose as the memory may remain intact for longer periods of time. As a
result, bvFTD is often missed or misdiagnosed as antisocial personality disorder (APD),
SCZ, or even major depressive disorder [90].

Over the past two decades, the number of senior first offenders has grown in parallel
with the prevalence of young-onset dementia (YOD, emergence of symptoms before age 65),
a subgroup of neurodegenerative disorders, which may include bvFTD [91,92]. Indeed,
recent studies have revealed that the prevalence of bvFTD has increased from 15/100,000
in 2013 to 119 per 100,000 in 2021, mirroring the growing number of forensic detainees with
this diagnosis [92,93].

Compared to AD, in which 12% of patients exhibit criminal behavior, bvFTD is associ-
ated with a crime rate of 54%, suggesting an acquired psychopathy [94]. Frontotemporal
lobar degeneration (FTLD), the pathology driving bvFTD, is associated with impulsivity
and criminal violations due to the paucity of “honesty cells”, VENs [95]. The latter is likely
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due to the autophagy of damaged organelles traveling through the long VENs axons. In-
deed, lysosomal aggregates, hallmarks of hyperactive autophagy, were demonstrated in the
VENs derived from patients with bvFTD and SCZ, suggesting excessive mitophagy [95–97].
Depletion of VENs has been associated with a lack of empathy, aggressive behavior, and
criminal violations documented in bvFTD and severe mental illness [51,52]. For example,
homicide or attempted homicide have been documented in bvFTD, indicating that criminal
behavior and murder can sometimes be the earliest manifestation of this disorder [98,99].
Since VENs are only present in large mammals, including humans, great apes, macaques,
cetaceans, and elephants, but not in rodents, these cells are difficult to study in vivo [10].
VENs are larger than pyramidal neurons and drive interoceptive awareness, which is the
ability to detect and process internal cues such as heartbeat, respiration and the overall vis-
ceral state [100,101]. VENs are components of the SN, an attention-shifting large neuronal
assembly that can activate or silence CEN to DMN [102,103].

Recent transcriptomic studies found that VENs express monoaminergic proteins,
including vesicular monoamine transporter 2 (VMAT2) and adrenergic receptor α-1A
(ADRA1A), suggesting involvement in autonomic functions, including the circadian
rhythm [104–106]. Indeed, impaired monoaminergic signaling has been documented
in insomnia, bvFTD, SCZ, and SLDs, implicating VENs in these pathologies [107–111].

1.3. Sleep and Glial Cells

Astrocytes, the most numerous brain cells, communicate with each other via calcium
waves, attaining synchronization with neurons and supporting slow-wave sleep [112,113].
Moreover, astrocytes release molecules, including adenosine, lactate, glutamate, GABA, and
interleukin-1 (IL-1), which may indirectly influence the status of neuronal cells, inducing
sleep [114].

Astrocytes are central to the neurovascular unit (NVU) and bridge the gap between
the neuron and brain microvessels, regulating the flow of interstitial fluid through the aqua-
porin 4 (AQP-4) receptors [115] (Figure 1). The volume of the brain interstitial fluid (ISF)
fluctuates in a circadian manner as it flows through the glymphatic system, a mechanism
for clearing misfolded proteins during sleep [116]. The glymphatic system can also carry
extracellular vesicles containing mitochondria from astrocytes to neurons [117]. Astrocytes
support the neurons by generating GPX-4 to avert neuronal death by ferroptosis. GPX-4
functions to repair oxidized lipids and oxysterols, including 7-ketocholesterol (7KCl), toxins
that disrupt plasma and mitochondrial membranes, triggering neuronal death [118]. Fer-
roptosis has been associated with sleep deprivation, indicating that neurons likely import
GPX-4 during sleep [119]. As mitochondria play a key role in sleep homeostasis, insomnia
may be the result of plasma or mitochondrial membrane oxidation. Indeed, it has been
suggested that sleep is necessary for abrogating neuronal oxidative stress [120].

Intracellular iron is stored in ferritin and released for intracellular needs via fer-
ritinophagy (ferritin autophagy) in lysosomes. Several antipsychotic drugs, including
haloperidol, accumulate in lysosomes disrupting ferritinophagy, which, in turn, lowers
intracellular iron, averting ferroptosis [121,122] (Figure 2). This may highlight a DA-
independent, antipsychotic action of haloperidol, suggesting that dopaminergic blockade is
not the only psychosis-deterring mechanism of this drug. Indeed, ferroptosis of hippocam-
pal neurons, documented in AD and severe mental illness, is the likely cause of cognitive
impairment and negative symptoms in these conditions [123,124]. Prolonged insomnia
has been demonstrated to damage the astrocyte which, in turn, may trigger neuronal
demise [125]. Moreover, chronic sleep loss was demonstrated to activate both astrocytes
and microglia, turning these cells into neurotoxic phenotypes capable of eliminating healthy
neurons and synapses [126–128].
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Figure 1. Astrocytes contact cerebral microvessels with their end-feet processes, delineating a path-
way for the flow of extracellular fluid, known as the glymphatic system. The volume of interstitial 
fluid (ISF) in the brain parenchyma varies with the brain work. During high intensity work, AQP-4 
water receptors are upregulated in the end-feet, pumping the ISF into astrocytes. This results in low 
ISF (hypovolemia). During sleep (low-intensity brain work), less ISF enters the astrocyte. The circu-
lation of ISF clears the molecular debris (including beta amyloid) from the extracellular space. 

Figure 1. Astrocytes contact cerebral microvessels with their end-feet processes, delineating a
pathway for the flow of extracellular fluid, known as the glymphatic system. The volume of interstitial
fluid (ISF) in the brain parenchyma varies with the brain work. During high intensity work, AQP-4
water receptors are upregulated in the end-feet, pumping the ISF into astrocytes. This results in
low ISF (hypovolemia). During sleep (low-intensity brain work), less ISF enters the astrocyte. The
circulation of ISF clears the molecular debris (including beta amyloid) from the extracellular space.
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Figure 2. Astrocytes support the postmitotic, long-lived neurons by helping them avert death by 
ferroptosis and loss of mitochondria. The former is accomplished by exporting GPX-4 to neurons 
(to repair oxidized lipids), while the latter by exporting healthy mitochondria to neuronal cells (via 
tunneling nanotubules, extracellular vesicles, or cell–cell fusion). Astrocytes import cystine via cys-
tine/glutamate antiporter (Xc-). Cystine is reduced to cysteine and generates glutathione and GPX-
4 (which is transferred to neurons). Cysteine can also be derived from methionine, while glutathione 
can be generated from cysteine and glutathione disulfide (GSSC). In neurons, iron is stored in ferri-
tin and, when needed, ferritin undergoes ferritinophagy (autophagy) in lysosomes, releasing free 
iron. Iron ingresses the neuron via transferrin receptor 1 (TRF-1), while the excess intracellular iron 
is eliminated via ferroportin. 
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regulator of cellular senescence, a phenotype conducive to aging and neurodegeneration 
and is expressed by the mitochondrion [19–21]. Oxidized lipids in the mitochondrial 
membrane are AhR ligands, which in conjunction with senescence-upregulated intracel-
lular iron, can trigger ferroptosis and organelle demise [131–134]. Indeed, lipid peroxides 
and oxysterols, such as 7KCl, are mitoAhR ligands, contributing to mitochondrial dys-
function and autophagic elimination [135]. 

AhR is a xenobiotic sensor which regulates cytochrome p450 and binds the environ-
mental toxin, dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin). Other AhR ligands include 

Figure 2. Astrocytes support the postmitotic, long-lived neurons by helping them avert death by
ferroptosis and loss of mitochondria. The former is accomplished by exporting GPX-4 to neurons
(to repair oxidized lipids), while the latter by exporting healthy mitochondria to neuronal cells
(via tunneling nanotubules, extracellular vesicles, or cell–cell fusion). Astrocytes import cystine
via cystine/glutamate antiporter (Xc-). Cystine is reduced to cysteine and generates glutathione
and GPX-4 (which is transferred to neurons). Cysteine can also be derived from methionine, while
glutathione can be generated from cysteine and glutathione disulfide (GSSC). In neurons, iron is
stored in ferritin and, when needed, ferritin undergoes ferritinophagy (autophagy) in lysosomes,
releasing free iron. Iron ingresses the neuron via transferrin receptor 1 (TRF-1), while the excess
intracellular iron is eliminated via ferroportin.

2. Mitochondria and Aryl Hydrocarbon Receptor

Recent studies have implicated mitochondria in the pathophysiology of sleep and
neurodegenerative disorders, while the role of these organelles in severe mental illness,
including SCZ and SLDs, has been previously established [129,130]. AhR is the master
regulator of cellular senescence, a phenotype conducive to aging and neurodegeneration
and is expressed by the mitochondrion [19–21]. Oxidized lipids in the mitochondrial
membrane are AhR ligands, which in conjunction with senescence-upregulated intracellular
iron, can trigger ferroptosis and organelle demise [131–134]. Indeed, lipid peroxides and
oxysterols, such as 7KCl, are mitoAhR ligands, contributing to mitochondrial dysfunction
and autophagic elimination [135].

AhR is a xenobiotic sensor which regulates cytochrome p450 and binds the environ-
mental toxin, dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin). Other AhR ligands include
somnogens, such as phenazines, melatonin, and tryptophan derivatives, which participate
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in the physiology of sleep, wakefulness, and the circadian rhythm [136–138]. In addition,
reactive oxygen species (ROS), known to induce sleep via a redox-sensitive potassium
channel, are AhR ligands, bringing this transcription factor in the arena of slumber, mental
illness, and neurodegeneration [131,139]. Indeed, microbial phenazines, including py-
ocyanin and 1-hydroxyphenazine, activate AhR, influencing the transcription of many
genes, including those involved in sleep regulation [140,141].

The importance of mitochondria in sleep physiology is further substantiated by the
organelle involvement in FFI, as well as in general anesthesia [142,143]. Indeed, general
anesthetics are known to inhibit N-methyl-d-aspartate (NMDA) and α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) glutamate receptors while stimulating GABA.
NMDA and AMPA upregulate intracellular and mitochondrial calcium, inducing cell and
organelle demise [144]. Interestingly, elevated mitochondrial calcium, a characteristic of
prion diseases, may link these organelles to FFI [145,146]. Indeed, the prion peptide causes
calcium inflow via L-type calcium channels, triggering neuronal damage and apopto-
sis [147]. In contrast, the typical antipsychotic, chlorpromazine, not only induces sleep,
but also exerts anti-prion properties, probably by promoting autophagy of the misfolded
protein [148–150].

Mitochondrial trafficking from astrocytes to neurons supports neuronal bioenergetic
needs, especially in large pyramidal cells or VENs. Mitochondria can be imported via cell–
cell fusion, tunneling nanotubes (cytoskeletal protrusions reaching to other cells), as well
as transported by extracellular vesicles [151,152] (Figure 2). Moreover, astrocytes generate
GPX-4 from cysteine obtained via the cystine/glutamate antiporter system (Xc−) or by
transmethylation of methionine. Glutathione is generated from cysteine and glutathione
disulfide (GSSC) [153] (Figure 2).

Mitochondrial trafficking as well as autophagy (mitophagy) occur during sleep, prob-
ably explaining the reason most living beings require rest [154]. Interestingly, serotonin
(5-HT) promotes mitochondrial transport in hippocampal neurons, suggesting that antide-
pressant drugs, serotonin reuptake inhibitors (SSRIs), may “exert their action by supplying
healthy mitochondria to stressed neurons [155]. This may imply that ROS accumulation
during wakefulness may induce slumber to repair oxidized lipids and import mitochondria
from glial cells [120,131,139]. In addition, the accumulation of intracellular microtubule-
associated protein tau (MAPT) in VENs likely impairs mitochondrial transport, contributing
to bvFTD pathogenesis [156].

2.1. Mitochondria-Protective Treatments

The key role of mitochondria in sleep disorders, SCZ, SLDs, and neurodegeneration,
highlights the importance of mitoprotective approaches to resuscitate, replace, or increase
the import of mitochondria from glial cells [157]. For example, treatment with SSRIs during
the early stages of dementia may delay the onset of cognitive decline. Along this line, a
recent study found that treatment with SSRIs slowed the conversion of mild cognitive
impairment to frank dementia, suggesting that prophylactic treatment with these agents
may be beneficial [158]. In addition, natural anti-ferroptosis drugs and iron chelators,
such as halogenated phenazines, may improve the course of neurodegenerative disorders,
suggesting novel therapeutic strategies [159,160].

2.2. Membrane Lipid Replacement (MLR)

MLR refers to the oral supplementation with natural cell membrane glycerophos-
pholipids and kaempferol (3,4′,5,7-tetrahydroxyflavone), a natural flavonoid found in
tea, broccoli, cabbage, kale, beans, endive, leek, tomato, strawberries, and grapes [161].
Kaempferol is a glycogen synthase kinase-3β (GSK-3β) inhibitor which prevents sleep
deprivation-induced cognitive decline [162,163]. Like lithium and several antipsychotic
drugs, kaempferol blocks GSK-3β, an enzyme previously implicated in SCZ and circa-
dian rhythm disorders, suggesting that this natural compound may exert antipsychotic
properties without the adverse effects of conventional therapeutics [164–167].
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The aim of MLR + kaempferol is the gradual replacement of damaged phospholipids
and oxysterols from neuronal and/or mitochondrial membranes with natural glycerophos-
pholipids and a polyphenol. Indeed, oxidized membrane lipids have been implicated in
SCZ, SLDs, insomnia, and neurodegeneration, while MLR and kaempferol offer a dual
mechanism of action: (1) elimination of lipid peroxides and (2) GSK-3β inhibition [168].
Replacing oxidized plasma and/or mitochondrial membrane fats with healthy natural
lipids averts deformation of the neuronal membrane and misalignment of neuroreceptors.
Conversely, oxidized membrane lipids and ferroptosis alter the biophysical properties of
membranes, disrupting neuronal functions [169].

2.3. Phenazines and Phenothiazine Derivatives

Several natural phenazines and phenothiazines are neuroprotective, improve sleep,
and delay neurodegenerative processes. For example, geranyl-phenazine is a naural acetyl-
cholinesterase inhibitor which exerts antipsychotic effects via muscarinic receptors. Indeed,
a new class of antipsychotic drugs is currently being developed for SCZ and a patent exists
for treating sleep disorders by upregulating acetylcholine [170–172] (WO2005016327A2).
Other natural phenazines with neuroprotective functions include baraphenazines A–G
fused compounds derived from Streptomyces sp. PU-10A which likely possess antipsy-
chotic properties [173]. Moreover, several natural phenazines, including baraphenazines,
leucanicidin and endophenasides, exert antimicrobial, anticancer activity, and very likely
possess antipsychotic properties [173–175].

Natural antipsychotic and phytotherapeutic compounds are not only devoid of ex-
trapyramidal adverse effects but more accepted by many patients who often dread or
distrust pharmaceuticals.

Synthetic phenazine derivatives consist of over 6000 compounds, exerting antimicro-
bial, antiparasitic, neuroprotective, anti-inflammatory, and anticancer activities [176–178].
To the best of our knowledge, natural or synthetic phenazines have not been tested for SCZ,
insomnia, or neurodegeneration. Pontemazines A and B are neuroprotective phenazine
derivatives that, in animal studies, have rescued hippocampal neurons from glutamate
cytotoxicity, highlighting their pro-cognitive properties which could benefit patients with
negative symptoms of SCZ or neurodegenerative disorders [176].

Synthetic phenazines exert antioxidant and radical-scavenging properties, and inhibit
lipid peroxidation, suggesting beneficial effects in severe insomnia, mental illness and neu-
rodegeneration [179,180] (Figure 3). Moreover, halogenated phenazines act as iron chelators,
likely preventing neuronal ferroptosis [181]. We believe that pontemazines and halogenated
phenazines should be assessed for antipsychotic/anti-neurodegenerative properties.

From the biochemical standpoint, phenazines are almost identical to phenothiazine
antipsychotics and likely possess similar properties (Figure 4). Phenothiazines are typical
antipsychotic drugs utilized primarily for SCZ and SLDs, which block dopaminergic
transmission at the level of postsynaptic neuron. Several phenothiazines influence other
receptors, including adrenergic, histaminergic, and cholinergic, exerting various clinical
effects as well as adverse reactions. Aside from psychotic disorders, phenothiazines
are also used for the treatment of migraine headaches, hiccups, nausea, vomiting, and
cancer [182]. Like phenazines, phenothiazines intercalate themselves into the lipid bilayer
of plasma and mitochondrial membranes, disrupting the curvature and receptor alignment
on neuronal/mitochondrial surfaces [183] (Figure 3). In contrast, oxidized lipids, including
7-ketocholesterol (7KCl), form looped structures, generating membrane curvatures and
pores that may trigger cell death [184].

Antioxidant phenothiazine and their derivatives have recently been developed for
cancer, cardiovascular disease (CVD), Mycobacterium leprae and other antibiotic-resistant
microbes [185,186].

Phenothiazine derivatives exert anti-peroxidation properties and protect against lipid
pathology and ferroptosis, suggesting efficacy as antipsychotic drugs [187]. In addition,
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antioxidant phenothiazines are likely beneficial for insomnia and neurodegenerative disor-
ders, suggesting that these compounds should be tested for neuropsychiatric pathology [186].
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Figure 3. The lipid bilayer of neuronal membrane is easily oxidated when intracellular iron is
upregulated. Oxysterols, including 7-Ketocholesterol (a toxic oxide), and oxidated phospholipids
alter the biophysical properties of cell membranes, disrupting neurotransmission. In addition,
oxidized lipids activate AhR, triggering premature neuronal senescence. Phenazines, phenothiazines,
and their derivatives, intercalate themselves into the lipid bilayer, repairing the lipids in cellular
and/or mitochondrial membranes.
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Propenylphenothiazine is a potent antioxidant with electron-donor capability that
could prevent gray matter loss, a hallmark of SCZ and SLDs [188,189]. Electron-donating
psychotropic drugs have been known to preserve the brain volume, suggesting that
propenylphenothiazine may treat psychosis without reducing the gray matter volume. The
majority of conventional antipsychotic drugs are electron-acceptors which often lower the
brain volume as documented by many neuroimaging studies [190]. An even newer cate-
gory of tetracyclic and pentacyclic phenothiazines with antioxidant properties has recently
been developed, suggesting likely efficacy for cognitive impairment and negative SCZ
symptoms. Moreover, the N10-carbonyl-substituted phenothiazines were demonstrated to
inhibit lipid peroxidation, suggesting superior antipsychotic efficacy [191].

Natural and some synthetic phenazines and novel antioxidant phenothiazines have
not been tested for SCZ, insomnia or neurodegenerative disorders but are likely efficient
somnogens and antipsychotics. For example, synthetic phenazines, known as pontemazines
A and B, rescued hippocampal neurons from glutamate cytotoxicity in rodents, highlight-
ing their pro-cognitive properties which could benefit patients with negative symptoms
of SCZ [192].
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2.4. Natural Antioxidants

SCZ and SLDs have been associated with premature cellular senescence, a phenotype
marked by shortened telomeres, accumulation of macromolecular aggregates, increased
level of senescence-associated β-galactosidase (SA-β-gal) and a detrimental secretome
known as senescence-associated secretory phenotype (SASP).

Natural Antioxidant Foods

Antioxidants are major players in repairing damages to macromolecules, opposing
pathological events associated with cellular senescence (Table 1). Since AhR is the master
regulator of cellular senescence and responds to external pollutants (such as polycyclic
aromatic hydrocarbons (PAHs) as well as internal toxins, including oxidized lipids, antioxi-
dants likely have the opposite effect.

Table 1. SCZ-relevant antioxidants and sources.

Antioxidants Source References

Lycopene Grape skin, guava, grapefruit, blueberries, tomatoes [193]

Apigenin Cabbage, blueberries, acai berries [194]

Phenolic acid Oilseeds, cereals, grains [195]

Curcumin chicken, beef, tofu, vegetables [196]

Epigallocatechin gallate Apples, blackberries, broad beans, cherries, black grapes, pears, raspberries, and chocolate [197]

Berberine Oregon grape, phellodendron, and tree turmeric. [198]

Quercetin Fruits, apples, onions, parsley, sage, tea, and red wine [199]

Kempferol Fruits and vegetables. [200]

Tocopherols Oilseed, cereals, eggs, deary products [201]

2.5. Mitochondrial Transfer and Transplantation

Early studies on mitochondrial transplantation from the 1980s utilized co-incubation
of various cell types with naked mitochondria, hoping that cells would internalize the
organelles from the extracellular environment [202–204]. Later, HeLa cells and mesenchy-
mal stem cells were used as mitochondrial sources and found that successful organelle
uptake occurred in a short time interval of 1–2 h [205–207]. At present, mitochondrial
transplantation into cardiomyocytes has been accomplished successfully and confirmed by
mitochondrial DNA (mtDNA) detected in host cells [208,209].

Mitochondrial transplantation and neuronal rescue from ferroptosis have been per-
formed successfully in both animals and humans, suggesting a novel strategy for neu-
rometabolic disorders [210]. To our knowledge, mitochondrial transplantation has not been
attempted in sleep disorders, while in mental illness, it has been tried in animal models
only [132]. Trafficking mitochondria from astrocytes and microglia to neurons can take
place spontaneously after brain injuries, reflecting a likely compensatory mechanism to
preserve neuronal viability [211]. In addition, it has been established that SSRIs, GJA1-20K,
and CD38 signaling can facilitate mitochondrial transfer, emphasizing potential strategies
for insomnia, severe mental illness, and neurodegeneration [210,211].

3. Conclusions

Forensic detainees with severe mental illness and comorbid insomnia age at an accel-
erated pace, suggesting that premature cellular senescence, a characteristic of SCZ, may
comprise the common pathway where sleep and mental illness intersect. Loss of neurons
due to impaired sleep may trigger the premature development of dementia and other
age-related conditions, known to occur earlier in life compared to the general population.
These comorbidities increase healthcare expenditures and shorten patients’ lifespan; thus,
identifying and treating these conditions early is crucial.
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YOD, a category of neurodegenerative disorders which include bvFTD, has been on
the rise over the past few decades, as evidenced by the increased number of first offenders
before the age of 65. Selective loss of VENs in bvFTD is likely due to the large size of these
cells, predisposed to peroxidation of plasma membrane lipids and mitochondrial loss by
dysfunctional autophagy.

At the molecular level, AhR is the equivalent of VENs, as this protein responds to
both endogenous and exogenous ligands, including lipid peroxides and other insomnia
and psychosis-related molecules.

Antioxidants and phenazine and phenothiazine derivatives are AhR ligands, high-
lighting potential natural treatment strategies against psychosis, insomnia, and neurode-
generation.
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Abstract: The occupational requirements of full-time non-administrative firefighters include shift-
work schedules and chronic exposure to alerting emergency alarms, hazardous working conditions,
and psychologically traumatic events that they must attend and respond to. These compiling and
enduring aspects of the career increase the firefighter’s risk for insomnia and mental health conditions
compared to the general population. Poor sleep quality and mental health impairments are known
to coincide with and contribute to the symptom severity of one another. Thus, it is important to
determine approaches that may improve sleep and/or mental health specifically for firefighters,
as their occupation varies in many aspects from any other occupation. This review will discuss
symptoms of insomnia and mental health conditions such as PTSD, anxiety, depression, substance
abuse, and suicide in firefighters. The influencing factors of sleep and mental health will be examined
including anxiety sensitivity, emotional regulation, and distress tolerance. Current sleep and mental
health interventions specific to full-time firefighters are limited in number; however, the existing
experimental studies will be outlined. Lastly, this review will provide support for exploring exercise
as a possible intervention that may benefit the sleep and mental health of this population.

Keywords: sleep quality; first responders; PTSD; anxiety; depression; emotional regulation; substance
abuse; suicide

1. Introduction

The occupational demands of firefighters are often stressful, tense, and volatile [1].
They must be prepared to respond to a wide range of unpredictable and often hazardous
emergencies. Although firefighters are thoroughly trained to be safe in dangerous situations,
they are still highly susceptible to injury. They also face psychological trauma as they are the
first to respond to suffering individuals (i.e., a child in trouble or suffering) [2–4]. At the fire
station, they are exposed to loud shrilling emergency alerting alarms, during both the day
and night, which frequently and rapidly activate their sympathetic nervous system [5,6].
These physical and psychological stressors encountered every working shift have been
shown to lead to increased risk for major health conditions such as cardiovascular disease,
cancer, and depression [7–9].

In addition to these stressors, most firefighters are shift-workers. Shift schedules vary
across fire departments; fire departments may adopt a 24 h on/48 h off or 48 h on/96 h off
schedule, while others may adopt a more complex schedule like the Kelly schedule which
consists of 24 h on/24 h off/24 h on/24 h off/24 h on/96 h off [10,11]. Some firefighters
may even work shifts that last as long as 72 h [12]. During working shifts, firefighters are
expected to be on call and respond immediately to emergency alarms [5]. This required
alertness significantly impacts sleep while on shift and may also impact sleep patterns off
shift as well, leading to sleep deprivations, severe circadian dysrhythmias, and possibly
chronically impaired sleep patterns [7,13]. The internal circadian rhythm synchronizes with
external environmental cues including light, physical activity, and melatonin secretion with
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light exposure being the most dominant regulator [14]. The misalignment of the circadian
rhythm with the 24 h outside environment may lead to a circadian rhythm disorder which
negatively affects sleep and may lead to health conditions including metabolic, cognitive,
cardiovascular, and gastrointestinal impairments [15].

Sleep is vitally important to both physical and mental health [16]. Sleep recommen-
dations include seven to nine hours of sleep for adults, with continuous cycles of rapid
eye movement (REM) and nonrapid eye movement (NREM) sleep over the course of the
total sleep period [17]. Each cycle of REM and NREM occurs every 90–120 min, with it
taking at least one hour to reach NREM sleep [18]. REM sleep occurs after slow-wave
sleep and allows for emotional memory processing, while NREM sleep is required for
optimal wakefulness and cognitive function the following day [19–23]. Seven to nine
hours of sleep is recommended to allow for three to six REM/NREM cycles per night [24].
This consistency of sufficient sleep patterns helps regulate circadian rhythm which in turn
promotes sufficient sleep patterns and health.

Optimal wakefulness and cognitive function occurring from NREM sleep are required
for the intense physical and mental obligations of firefighting [25]. In addition, emotional
memory processing and thought processing that occurs through REM sleep is valuable
to the long-term psychological and even physical health of firefighters [26–28]. However,
firefighters commonly suffer from both insomnia and mental health conditions due to
the nature of their occupation. Mental health conditions common in firefighters include
post-traumatic stress disorder (PTSD), depression, anxiety, and substance abuse which may
cause a greater risk for suicidal thoughts and attempts [7,29–31]. Many studies have sought
to determine the relationship between insomnia and mental health as well as interventions
that may improve these conditions in firefighters [10,30]. This narrative review will discuss
the prevalence, mechanisms, and relationship of insomnia and mental health disorders in
firefighters as well as interventions that have been utilized to improve these conditions.

2. Insomnia and Firefighters
2.1. Insomnia Evaluation

In general, insomnia occurs when someone has difficulty sleeping [32]. Diagnosed
clinical insomnia can be categorized as acute insomnia and/or chronic insomnia. Acute
insomnia occurs when a person has difficulty going to sleep and/or staying asleep at least
three days per week for a period of one week to three months [33]. There are multiple
types of acute insomnia such as transient and sub-chronic insomnia, but for the scope of
this review, these sub-categories of acute insomnia will not be discussed in detail [33]. A
diagnosis of chronic insomnia may occur if a person has difficulty going to and/or staying
asleep at least three days per week for at least three months, despite having sufficient time
to sleep. Additional criteria for chronic insomnia include significant daytime impairment
or distress [33–35].

Schutte-Rodin et al. [36] describe the guidelines for a clinical evaluation of insomnia
which include a thorough sleep history and a detailed medical, substance, and psychiatric
history. It is recommended for the evaluation to consist of the following subjective reports
or measures: medical and psychiatric questionnaire, subjective sleep assessment (i.e.,
Epworth Sleepiness Scale), and a two-week sleep log. Polysomnography and actigraphy
are additional objective assessments that may provide beneficial data for further insomnia
evaluation [36].

Population-based epidemiological studies over the past few decades have reported
variable rates of insomnia in general populations, but the consensus from those studies
is that 30–36% of adults report having at least one nighttime sleep-related symptom of
insomnia, while 10–15% of the population has at least one nighttime sleep-related and
one daytime fatigue-related symptom of insomnia [26,37]. However, when more rigorous
insomnia criteria are used to determine insomnia rates (i.e., diagnostic criteria from the
Diagnostic and Statistical Manual of Mental Disorders IV; DSM IV), the prevalence in adults
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decreases to 6–10% [38,39]. It is therefore difficult to compare insomnia rates in various
populations when different criteria are utilized.

2.2. Sleep Measures in Firefighter Studies

The terms sleep deprivation, sleep disorder, disturbed sleep patterns, clinical insomnia,
and poor sleep quality are commonly used in firefighter-based sleep studies. Sleep patterns
in firefighters are often assessed with the Pittsburgh Sleep Quality Index (PSQI), a validated
subjective questionnaire that measures sleep quality and disturbances over a one-month
period. It includes 19 items to then provide scores for seven components of sleep quality
on a “0” (“best sleep quality”)-to-“3” (“worst sleep quality”) scale; those seven components
include subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep
disturbances, the use of sleep medication, and daytime dysfunction [40]. The seven scores
are summed, and a score of 5 or less indicates good sleep quality, and a score of greater
than 5 indicates poor sleep quality.

Another subjective sleep quality questionnaire frequently used in this population is
the Epworth Sleepiness Scale (ESS) which differs from the PSQI as it assesses the likelihood
of falling asleep in various daytime scenarios. The ESS asks participants to indicate,
on a 4-point Likert scale, how likely they would be to fall asleep with “0” indicating
“no chance of dozing” and “3” indicating a “high chance of dozing”. A total score of
0–9 indicates that “you are not abnormally sleepy”, a score of 10–15 indicates that “you
may be excessively sleepy depending on the situation and you may want to consider
seeking medical attention”, and a score of 16–24 indicates that “you are excessively sleepy
and should consider seeking medical attention”. When compared to other clinical measures
of sleep quality, it was found valid and reliable [41]. Many studies use both the PSQI and
ESS to assess nocturnal sleep difficulties and daytime sleepiness together.

Lastly, the insomnia severity index (ISI) is another validated subjective questionnaire
used in this population to measure insomnia severity [42]. The ISI consists of seven sleep-
related questions rated on a five-point Likert scale with “0” corresponding to “no problem”
and “4” corresponding to a “very severe problem”. A score of 15 or higher indicates
clinical insomnia with a score of 15–21 being categorized as “moderate insomnia” and
22–28 being categorized as “severe insomnia”. Multiple studies have utilized objective
sleep assessments such as an actigraphy motion logger which may be worn for periods of
days to weeks to detect sleep patterns.

2.3. Poor Sleep Prevalence in Firefighters

The prevalence of poor sleep quality in firefighters has been reported by various
studies and differs based on country and sleep quality measures. In a large study by Horn
et al. [30], 880 current and retired United States firefighters completed a web-based ISI and
52.7% reported clinically significant insomnia symptoms with 19.2% reporting nightmare
problems. Cary et al. [7] showed that 59% of full-time firefighters in a metropolitan area of
the United States reported sleep deprivation which was measured with the PSQI and ESS
questionnaires as well as a 3-day actigraphy motion logger. They considered the firefighter
to have a disturbed sleep pattern if they had at least two of the following sleep issues:
sleep duration <6 h, sleep efficiency <85%, sleep latency >30 min, or wake after sleep onset
>30 min. Billings et al. [11] assessed sleep quality in 109 full-time shift-working firefighters
in the United States using the PSQI and found that 73% reported poor sleep quality; those
that worked a second job had significantly poorer sleep quality than those who did not.
Thus, in the United States, the prevalence of poor sleep quality in firefighters ranges from
52 to 73% in studies that include over 100 participants.

Sleep quality has been assessed in firefighters outside of the United States with similar
results. Mehrdad et al. [43] assessed sleep quality in 427 Iranian firefighters using the
Persian version of the PSQI. They received an 88.7% response rate with 69.9% reporting
poor sleep quality. Lim et al. [44] assessed the sleep quality of 657 full-time firefighters
in a metropolitan area of South Korea using the PSQI. In total, 48.7% reported poor sleep
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quality; however, shift-workers reported significantly higher levels of poor sleep quality
(51.6%) than the non-shift-workers (38.5%). In a large study by Cramm et al. [10], 69% of
1217 volunteer and full-time Canadian firefighters self-reported their sleep quality as “fair”
to “very poor”, and 21.3% were found to have clinical insomnia based on the ISI scores.
Thus, the prevalence of poor sleep quality ranges depending on the assessment and the
working schedule of the firefighters but is typically higher than the general population of
the area [10,11,26,45].

The incidence of chronic insomnia in firefighters is difficult to accurately determine
based on the results from most experimental or observational sleep studies in this pop-
ulation as the sleep assessments are typically based on a one-month period, whereas a
diagnosis of chronic insomnia requires a minimum of a three-month assessment or report
of sleep difficulty. However, since firefighters are more likely to have sleep impairments
than the general population, it can be assumed that the nature of their occupation may
be the overarching factor resulting in the poor sleep quality found with the one-month
assessments. Thus, if the firefighter has a history of employment longer than three months,
it could be assumed that the one-month assessment of poor sleep quality would occur
throughout employment and be considered chronic. However, this is an assumption and
needs further exploration.

3. Mental Health and Firefighters

Firefighters are regularly exposed to significant physical, emotional, and psycholog-
ical challenges. As part of their daily routine, every call exposes them to a potentially
traumatic event. As such, it comes with little surprise that firefighters often report elevated
prevalence rates associated with mental health disorders. A recent systematic review ex-
amining the mental health of firefighters relative to the general population has concluded
firefighters are significantly more likely to experience PTSD, depression, and anxiety [46].
Wolffe et al. [31] assessed the overall prevalence of mental health disorders among UK
firefighters relative to the general English population. Approximately 12% of firefighters
reported anxiety, 10% reported depression, and 5% reported PTSD. In contrast, approxi-
mately 6% of the general UK population reported anxiety, 3% reported depression, and just
under 5% reported PTSD [31].

3.1. Anxiety

According to the Diagnostic and Statistical Manual of Mental Disorder (DSM-5),
anxiety is a normal response to stress, while an anxiety disorder is associated with intense
feelings of excessive worry and apprehension. Additionally, the DSM-5 describes an
anxiety disorder as a chronic condition in which individuals experience symptoms on
most days (i.e., more days than not) over the previous 6 months [47]. While anxiety is
inherently a negative stress response, not all stress negatively impacts you. There are two
distinct responses individuals experience in the presence of stress. Individuals can feel
motivated, excited, and approach a stressful situation as a challenge to overcome. This
is referred to as eustress or positive stress and can be beneficial for overall health and
wellness [48]. However, stress can promote feelings of anxiety, discomfort, and decrease
motivation. This type of stress is negative and referred to as distress [48]. While there are
specific stressors that typically promote eustress (e.g., exercise/physical activity) or distress
(e.g., traumatic events) there are individual characteristics that act to protect one from
significant distress such as anxiety sensitivity and emotional regulation [49]. As firefighters
are naturally exposed to potentially traumatic events, these individual characteristics could
be a significant factor concerning mental health in this population.

As mentioned above, firefighters are exposed to extremely stressful situations and
often experience increased anxiety relative to the general population. To highlight this, a
recent report identified a career as a firefighter to be the second most stressful job in the
United States [50]. Wolffe et al. [31] reported that firefighters are more than twice as likely
to experience anxiety relative to the general population. The Health Hazard Evaluation
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Program reported that 53% of firefighters experienced symptoms of Generalized Anxiety
Disorder (GAD) [51]. A recent meta-analysis assessed 8096 first responders and reported
60% met criteria for mild anxiety, 27% met criteria for moderate anxiety, and 14% met
criteria for severe anxiety [52]. While the symptoms of anxiety can be severe and debilitating
on their own, individuals living with higher levels of anxiety are more susceptible to other
mental health conditions. It has been well established that firefighters experience significant
occupational stress, and reports indicate that occupational stress is a significant predictor
of PTSD symptomology in firefighters [53]. Occupational stress in firefighters has been
linked to numerous other mental health concerns. First, as mentioned above, individuals
can have a more positive (i.e., eustress) or more negative (i.e., distress) response to external
stressors. While occupational stress is inherently negative, increased occupational stress
in firefighters has been correlated to increased PTSD symptom severity, depression, and
anxiety [54,55]. Firefighters with higher occupational stress are more likely to experience
severe mental health disorders, and this relationship is further exacerbated by disturbances
in sleep.

According to the UK Firefighter Contamination Survey, 46% of firefighters self-
reported their mental health to be a significant factor impacting their sleep disturbance [31].
Yook et al. [56] examined the relationship between occupational stress and sleep quality in
705 male firefighters. The firefighters were evenly divided into a low stress, medium stress,
or high stress tertile group. Firefighters in the high stress group experienced significantly
worse outcomes in subjective sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbances, the use of sleeping medication, and daytime dysfunction
relative to both low and medium stress groups. Further, firefighters in the medium stress
group reported significantly worse outcomes in subjective sleep quality, sleep disturbances,
and daytime dysfunction relative to the low stress group [56]. While the prevalence of
anxiety has been linked to disturbed sleep, this is a reciprocal relationship. Data from
the National Canadian Mental Health Survey indicated firefighters with insomnia to be
7.15 times more likely to suffer from GAD relative to firefighters without insomnia [10].
Simply by examining anxiety, the cyclical relationship between mental health conditions
and insomnia can be seen in firefighters.

3.2. Depression

Another leading mental health concern for firefighters is depression. According to
DSM-5 criteria, an individual must experience five or more major depressive disorder
(MDD) symptoms during the same two-week period to be diagnosed with MDD. These
symptoms include a depressed mood, a diminished interest in activities that used to
be pleasurable, a significant change in body weight without apparent effort, insomnia,
significant fatigue, feelings of worthlessness, decreased concentration, suicidal ideation,
and psychomotor agitation [47]. While estimates vary, it is generally accepted that fire-
fighters experience elevated depression and MDD relative to the general population. A
large study estimates the 12-month depression prevalence to be between 5.5 and 6.0% in
the general population [57] where estimates are significantly higher in firefighter popu-
lations (e.g., 40% [30]). Within the firefighter population, there are significant risk factors
associated with experiencing greater levels of depression. Rescue and disaster workers
who were exposed to a disaster were significantly more likely to experience depression
at 7 and 13 months following the event relative to rescue and disaster workers who were
not exposed to a similar event [58]. Specifically, 21.7% of the exposed workers experienced
depression, while 12.6% of non-exposed workers experienced similar feelings of depression
13 months after the event [58].

While it is clear that firefighters are more likely to experience elevated depression
and MDD relative to the general population, it is equally important to explore specific
comorbidities linked to depression within this population. Individuals living with MDD
have reported a significant increase in other mental health disorders including anxiety [59],
alcohol and drug use [60], and suicidal ideation/attempts [61]. These relationships are
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present and often exacerbated in firefighters. In a sample of 169 firefighters exposed to
a traumatic event, 53.3% reported depression and 57% met the full DSM-IV criteria for
PTSD. Further, depression and PTSD were significantly correlated [62]. In addition to other
mental health disorders, depression has been linked to other psychological disturbances.

There is a strong amount of evidence linking insomnia as a risk factor for depres-
sion [26]. Even non-depressed individuals have a twofold risk for developing depression
if they have insomnia compared to people that do not suffer from sleep difficulties [63].
Firefighters suffering from disturbed sleep were shown to be twice as likely to have anxiety
or depression. Further, firefighters with sleeping problems were over four times as likely to
experience a mental health concern [31]. Cramm et al. [10] assessed 1217 firefighters from
the National Canadian Mental Health Survey and reported firefighters with insomnia to be
7.91 times more likely to experience MDD than firefighters without insomnia. Similarly,
Horn et al. [30] assessed 880 United States firefighters with cross-sectional surveys and
found that 39.6% had clinically significant symptoms of depression, 52.7% had insomnia
symptoms, and 19.2% had nightmares; they suggested that insomnia may increase the risk
for depression through the impairment of emotional regulation (described below).

3.3. PTSD

According to the DSM-5 criteria, an individual is likely to have PTSD following
exposure to a traumatic event if they exhibit symptoms of re-experiencing, avoidance,
negative alterations in cognitions and mood, and hyperarousal [47]. Firefighters are at a
significantly higher risk of experiencing PTSD symptoms. Specific studies have estimated
the rate of PTSD symptoms to affect approximately 17% of Canadian firefighters [29],
18% of German firefighters [64], and 22% of American firefighters [29]. In a sample of
3289 firefighters, 13% (i.e., 432) reported symptoms of PTSD [65], and a recent review
reported the PTSD prevalence in firefighters to be as high as 57% [66]. This is striking as
estimates of the PTSD prevalence in civilian populations have been estimated as low as
2.3–2.9% [67]. Firefighters with PTSD symptoms were significantly more likely to suffer
from work-related injuries, chronic musculoskeletal disorders, burnout, and poor physical
condition [65]. Further, Fullerton et al. [58] examined disaster workers who were exposed
to a traumatic event relative to comparison workers who were not exposed. Their results
indicate that 16.7% of exposed workers reported PTSD while only 1.9% of non-exposed
workers reported PTSD 13 months following the incident.

PTSD is a trauma- and stress-related disorder, but prior to 2013, PTSD was classified as
an anxiety disorder [47]. Thus, PTSD shares numerous risk factors and comorbidities with
other mental health conditions. According to data from the National Comorbidity Survey,
of those diagnosed with PTSD, 54% reported having a major depressive episode, 28%
reported having GAD, 28% reported alcohol abuse/dependence, and over 43% identified
as having three or more other diagnosed conditions [68]. Specifically in firefighters, PTSD
symptom severity has been associated with numerous other mental health concerns. Bing-
Canar et al. [69] assessed 632 trauma-exposed firefighters and found PTSD symptoms
to significantly predict suicide risk. A recent systematic review has identified anxiety,
depression, work-related injuries, and chronic musculoskeletal disorders as significant
comorbidities that predict PTSD prevalence among firefighters [70].

Insomnia and other sleep disturbances are diagnostic symptoms of PTSD and not
easily treated. Sleep disturbances mediate PTSD, leaving suffering individuals to function
poorly during the day in addition to promoting poorer PTSD-related clinical outcomes
such as increased alcohol use, poorer physical and mental health, and reduced overall
quality of life [28]. With sleep disturbances being resistant to first-line treatments for PTSD
(i.e., pharmacotherapy [71] and cognitive behavioral therapy [72]), firefighters suffering
from PTSD and insomnia may need multiple forms of treatment; however, this needs
further exploration.
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3.4. Obsessive–Compulsive Disorder (OCD)

While the prevalence of OCD is not as widespread as other mental health concerns,
firefighters are at an increased risk for living with OCD. According to a large survey of
10,649 firefighters, 1.6% reported having OCD [31]. Despite the relatively low prevalence
of OCD in firefighters, it is important to reference the general population. A large epi-
demiological study of 25,180 individuals from Iran found the prevalence of OCD to be
1.8%, with females significantly more likely to experience OCD relative to males [73]. Fur-
ther, a recent meta-analysis highlights the notion that women are 1.6 times more likely
to experience OCD relative to men [74]. Given the relatively similar prevalence rates of
OCD in firefighters and the general population, the sex differences highlight an interesting
notion. Specifically, over 95% of all US firefighters between 2011 and 2015 were male [75].
Therefore, it is reasonable to conclude that the 1.6% prevalence rate of OCD in predomi-
nantly male firefighters is significantly greater than the average OCD rate reported by men.
Specifically, the prevalence of OCD has been estimated at 0.7% and 2.8% for males and
females, respectively [73].

OCD has been linked to numerous other mental health concerns. Hofer et al. found
strong evidence linking prior OCD to an increased risk of GAD and social phobias [76].
Individuals living with OCD have a significantly greater risk of suicidal thoughts and
actions. The presence of depression further exacerbates the increased risk of suicidal
ideations [77]. Specifically in firefighters, there is evidence that the demands of the job can
lead to an increased risk in developing OCD or OCD symptoms [78].

3.5. Suicide

Suicide is another mental health concern that is of paramount importance with respect
to firefighters. Overall, first responders have been identified as a population at increased
risk for numerous mental health concerns including suicide [79]. Within the general
population, 13.5% have reported suicidal thoughts, 3.9% have reported suicidal plans, and
4.6% have reported a suicide attempt [80]. While these numbers are striking, firefighters
have reported significantly greater suicide behaviors. Specifically, 46.8% of firefighters have
reported suicidal thoughts, 19.2% have reported making a suicide plan, and 15.5% have
experienced a suicidal action [81]. Suicide takes the lives of 800,000 people each year [82].
While it is important to highlight the increased risk firefighters face with respect to suicidal
thoughts and actions, it is equally important to understand other risk factors associated
with suicide.

Suicide has been associated with numerous other mental health outcomes. Survey
results indicate both PTSD and GAD to be significant predictors for suicidal ideation and
attempts [83] in a large sample of adults from the general population. This relationship
has also been shown in firefighters. Firefighters with greater PTSD symptom severity [84]
and levels of depression [85] reported a significantly greater risk of suicide. Suicidal
ideation and attempts have also been linked to other psychological factors such as sleep.
A National Comorbidity Survey was filled out by 8098 adults in the United States and
assessed to determine the association between sleep, mental disorders, suicidal ideation,
and suicide attempts over the past 12 months and lifetime. The results demonstrated that
short sleep increases the chances of suicidal ideation and suicide attempts, regardless of
mental conditions. Furthermore, suicidal ideation and short sleep was shown to increase
the odds of a suicide attempt and was additionally related to the presence of substance
use disorders [86]. Vargos de Barros et al. [16] assessed six mental health conditions
in 303 Brazilian firefighters which included stress, depression, anxiety, suicidal ideation,
alcohol use disorders, and general health with subscales of a desire for death, psychosomatic
problems, and sleep disturbances. Of the 303 firefighters, 51% had sleep disturbances which
were significantly related to the presence of psychological distress and psychosomatic
alterations. Suicidal ideation was found in 15% of the firefighters and unhealthy alcohol
use in 31%; both conditions trended toward a significant association with sleep disturbances
(p < 0.085). A case study described an older man with poor sleep quality, excessive daytime
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sleepiness, a depressed mood, and suicidal ideation with active suicide plans that was
treated for sleep apnea without antidepressant medication [87]. He responded well to the
sleep apnea treatment (nCAP) and his suicidal ideation and depression resolved, which
demonstrates the need to treat sleep conditions to improve the outcomes of other likely
associated mental conditions.

3.6. Substance Abuse

Firefighters have been identified as a population at significantly greater risk for sub-
stance abuse. A recent national survey of 674 firefighters concluded over 48% displayed
heavy drinking behaviors and over 43% met the criteria for binge drinking [88]. Relative
to the general population, these numbers are significantly elevated. According to a recent
meta-analysis including six national surveys, about 25% of the United States’ adult pop-
ulation reported binge drinking behavior [89]. Interestingly, recent reports indicate the
general female population displays significantly lower levels of binge drinking behavior
(i.e., about 13.5% [90]). Thus, Haddock et al. [90] assessed drinking behavior in a large sam-
ple of female firefighters (N = 1913). Their results indicate about 40% of female firefighters
reported binge drinking. Even though female firefighters only account for roughly 5% of
the firefighter population, they also experience a significant increase in substance abuse
behavior [91].

Firefighters are also at an increased risk for using other psychoactive substances. In
a sample of 112 firefighters, 58% displayed binge drinking behavior, 20% identified as
nicotine users, and 5% met criteria for caffeine overuse (i.e., >700 mg/day) [7]. While less
is known about specific drug use among firefighters, there is some evidence of anxiolytic
drug use. Specifically, in a recent survey of 711 military firefighters, the anxiolytic drug use
was 9.9% [92]. Another survey on firefighters and psychoactive substance use included
questionnaires on tobacco, alcohol, prescribed medication, and illicit drug use. Among
the 168 male firefighters included, 89.9% reported alcohol consumption, 38.1% reported
smoking tobacco, 2.4% reported taking prescribed medications, and 1.2% reported illicit
drug use [93]. While it is possible firefighters are not accurately self-reporting medication
and drug use, the main area of concern among this population appears to be alcohol use.
While substance abuse is a very important mental health concern, it has also been linked to
other mental health conditions such as PTSD [94], depression [7], and sleep quality [7] in
firefighters. As mentioned above, firefighters can be under extreme occupational stress and
might seek external coping mechanisms. Alcohol consumption has been identified as one
of the most prominent coping strategies used by firefighters in response to occupational
stress [95,96]. Further, alcohol consumption has been associated with suicide risk among
firefighters [69]. To explore this phenomenon, Martin et al. [97] examined the impact of
alcohol dependence on suicide risk in 2883 male firefighters. Their results indicated a
significant association between alcohol dependance and suicide risk in firefighters. Addi-
tionally, they found evidence linking alcohol dependance to increases in depression, which
further predicted suicide risk factors [97]. This highlights the cyclical nature of mental
health disorders among firefighters.

Alcohol is a substance that causes sleepiness and may help non-alcoholic healthy
individuals fall asleep faster and have better NREM sleep; however, it may disrupt sleep
during the second half of the night. Both periods of binge drinking and alcohol abstinence
have been shown to disrupt sleep [98]. Smith et al. [99] assessed sleep, mental health, and
alcohol use in 639 urban career firefighters and found a significant positive correlation
between sleep disturbance severity and alcohol use severity as well as alcohol use for
coping reasons. In addition, there was a significant positive correlation between PTSD
severity and alcohol use severity and alcohol use for coping reasons which was even
stronger when sleep disturbances were high in the firefighters. The cyclical nature of these
impairments underlines the importance of finding treatment options that may improve the
health of more than one condition.
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3.7. Implications

Based on the evidence above, mental health conditions such as anxiety, depression,
PTSD, substance abuse, and suicide risk factors are often comorbidities of each other and
with sleep disturbance. However, it is important to note that one is not caused by the other.
That is, while individuals living with MDD are more likely to be diagnosed with GAD,
both MDD and GAD have significant and independent impacts on mental health [100].
Further, Elhai et al. assessed the overlapping symptoms associated with PTSD, anxiety,
and other mood disorders. After controlling for overlapping symptoms, the overall PTSD
prevalence only decreased by 0.39%, from 6.81 to 6.42% [68]. This suggests that symptoms
from a specific mental health condition will not cause another mental health condition but
rather increase the susceptibility to separate, independent comorbidities. Taken together,
this highlights the cyclical battle firefighters face with mental health and insomnia.

4. Factors Influencing Sleep and Mental Health
4.1. Anxiety Sensitivity

While firefighters are exposed to traumatic events that increase their risk of experi-
encing negative mental health outcomes, there may be specific traits that protect against
this. One individual trait that may influence mental health outcomes following exposure
to a traumatic event is an individual’s fear of arousal-related situations (i.e., anxiety sensi-
tivity). According to Taylor et al. [101], anxiety sensitivity can be accessed via the 18-item,
self-report anxiety sensitivity index (ASI-3). The ASI-3 is a valid assessment of general
(i.e., global) anxiety sensitivity and physical (i.e., fear induced by increased heart rate),
cognitive (i.e., fear induced by concentration difficulties), and social (i.e., fear induced by
being observed in anxiety-producing situations) concerns [101]. General anxiety sensitivity
has been shown to significantly affect the symptoms of PTSD, panic disorder, depression,
and social anxiety [49]. Stanley et al. [102] assessed 254 female firefighters and found
anxiety sensitivity to be a significant predictor of suicide risk.

Although anxiety sensitivity has been shown to predict symptoms of mental health in
firefighters, the relationship is reciprocal. Specifically, PTSD symptom severity in female
firefighters significantly predicted the individual difference factor of anxiety sensitiv-
ity [102]. This has potentially important implications for firefighters as both a screening
tool and a specific target for interventions. Given that firefighters with elevated anxiety
sensitivity are at an increased risk of experiencing PTSD, depression, panic, and social
anxiety, it follows that interventions to decrease anxiety sensitivity would decrease these
risk factors. Alternatively, interventions that decrease specific risk factors of anxiety sensi-
tivity (e.g., PTSD symptoms) could have large implications on the overall mental health of
firefighters.

Insomnia and anxiety sensitivity have been strongly linked in multiple studies [103–105].
Kim et al. [106] assessed 95 mentally healthy adults in the general population of Korea to
determine the relationship between insomnia severity and anxiety sensitivity as well as other
mental health conditions. They found that insomnia severity was significantly correlated
with anxiety sensitivity, as well as depression, and anxiety. In a randomized clinical trial, the
efficacy of treating anxiety sensitivity on reducing insomnia symptoms was investigated in
151 patients. The findings demonstrated that computerized treatment for anxiety sensitivity
resulted in significant reductions in insomnia symptoms at three- and six-month follow-up
periods, even when controlling for reductions in depression and anxiety [107].

4.2. Emotional Regulation and Emotional Intelligence

Emotional regulation and intelligence have also been examined as potential mediating
factors explaining the relationship between mental health and insomnia. Emotional regula-
tion is an individual difference trait that explains, to some degree, the level of control an
individual has over their emotions. Specifically, in a given situation, emotional regulation
can affect the intensity, duration, and type of emotion exhibited [108]. Individuals living
with significant mental health symptoms associated with depression, anxiety, and/or PTSD
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(to name a few) may experience an impairment in emotion regulation. Thus, individuals
are at an increased risk of encountering negative emotional states and are less equipped
to effectively cope with them, leading to decreased sleep quality and insomnia [30]. On
the other hand, individuals with higher emotional intelligence display an increase in psy-
chological well-being [109]. Emotional intelligence highlights an individual’s ability to
recognize their emotions and the emotions of those around them, label these emotions effec-
tively, and use this information to make rational decisions [110,111]. As established above,
firefighters are exposed to significantly greater levels of occupational stress. Emotional
intelligence has been shown to indirectly influence perceived stress [112], thus individuals
with higher emotional intelligence may experience a blunted stress response or decreased
distress during traumatic events.

Daily emotional distress is regulated during REM sleep as limbic activation during
REM sleep reactivates emotionally distressing events, associates them with previous occur-
rences, and then processes them [113]. Restless or fragmented REM sleep interferes with
the process of distress resolution thereby contributing to a state of chronic hyperarousal,
which is a primary symptom of insomnia [114,115]. Interestingly, Wassing et al. [27] demon-
strated that maladaptive sleep periods associated with insomnia may worsen the traumatic
exposures compared to those without insomnia; thus, instead of sleep resolving emotional
distress, the maladaptive sleep periods increased the distress. Emotional regulation has
been associated with numerous mental health disorders and has often been used to explain
how specific conditions are related. In trauma-exposed firefighters, emotional regulation
has shown a significant relationship with PTSD and depression [49]. As mentioned above,
there is evidence linking PTSD symptom severity and the use of alcohol as a coping mecha-
nism specifically in firefighters. Recent evidence suggests emotional regulation may explain
the association between PTSD symptom severity and alcohol use as a coping mechanism in
firefighters [116].

4.3. Distress Tolerance

Another factor that has shown promise with regards to the amelioration of mental
health symptoms is distress tolerance. Distress tolerance is an individual difference trait
that provides a self-report measure for an individual’s perceived capability to manage
negative emotional states [117]. Lower distress tolerance scores have been associated with
significant mental health concerns.

While previous research highlights the increased risk of suicide among firefighters
exposed to greater occupational stress, the recent literature has found firefighters with
higher distress tolerance attenuated this increased risk [55]. Further, due to increased
occupational stress, firefighters are at a significantly greater risk to seek negative external
coping mechanisms. Substance abuse has been reported by over half of professional fire-
fighters [7]. However, it appears as though higher distress tolerance may reduce the risk of
alcohol abuse among firefighters. In a sample of 652 trauma-exposed firefighters, distress
tolerance was significantly related to alcohol abuse and other coping motives [118]. It fol-
lows logically that individuals with greater depressive symptomology experience negative
emotional states more frequently. However, Yoon et al. [119] conducted a meta-analysis
on distress tolerance and depression. Their results indicate a systematic relationship be-
tween lower distress tolerance and depression. That is, individuals with greater distress
tolerance were less likely to display symptoms of depression. Distress tolerance has been
negatively associated with numerous other mental health concerns, including PTSD [120]
and anxiety [121].

Like emotional regulation, distress tolerance is associated with sleep quality. In a
sample of military veterans, perceived sleep quality was positively associated with a self-
reported distress tolerance with a poorer sleep relating to reduced distress tolerance as
well as increased frustration in a distressing task [122]. Smith et al. [123] examined the
association of sleep disturbance and distress tolerance in 652 firefighters and found that
48.6% had disturbed sleep and lower distress tolerance was significantly associated with
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greater sleep disturbance. To determine the best forms of treatment, the mechanisms
linking distress tolerance, emotional regulation, and anxiety sensitivity to sleep quality
warrant further investigation.

5. Sleep and Mental Health Interventions in Firefighters
5.1. Current Interventions

There is a need for interventions in full-time firefighters to determine applicable
and successful strategies to improve their sleep quality and/or aspects of mental health.
Table 1 summarizes the outcomes of various mental health and sleep interventions in
full-time firefighters. Other intervention-based studies do exist; however, they are not
specific to full-time firefighters but rather recruit firefighters (individuals employed by fire
departments prior to becoming a full-time firefighter) or first responders (police, firefighters,
EMS) [124–126]. It is important to specifically assess intervention outcomes for full-time
firefighters as their schedule, trauma exposure, and occupational requirements are different
than other first responders and recruit firefighters.

Table 1. Mental health and sleep interventions in full-time firefighters.

Study Participants and Intervention Outcome Measure(s) Summary of Findings

Jang et al. (2020) [127],
Korea

Participants: 39 firefighters
Intervention: Single-group pre–post
study design; utilized the Firefighter’s
Therapy for Insomnia and Nightmares
(FIT-IN) program which included two
90 min face-to-face group sessions and
one 20 min individual phone session
with a therapist for brief behavioral
therapy for insomnia combined with
imagery rehearsal.

•Insomnia severity index (ISI)
•Disturbing dream and nightmare
severity index (DDNSI)
•Epworth Sleepiness Scale (ESS)
•Depressive symptom
inventory-suicidality
subscale (DSI)
•Patient Health
Questionnaire-9 (PHQ-9)
•Two-week sleep diary

The FIT-IN program resulted in a
significant increase in sleep
efficiency and decrease in sleep
onset latency, the number of
awakenings, and time in bed as
well as insomnia and
nightmare severity.
Additionally, there were
significant improvements in PTSD
symptoms, depression, and
daytime sleepiness.

Barger et al. (2016) [128],
United States

Participants: 6101 firefighters
Intervention: Firefighters were placed
into a sleep health program (SHP) that
provided a sleep health education
training session with one of three
delivery approaches: expert-led,
train-the-trainer, or online.

•Screening for sleep disorders
•Assessment of the sleep health
educational material
One-year follow-up on sleep

The expert-led delivery method of
the SHP had the highest
participation rate, highest
assessment scores, and showed a
greater number of firefighters
seeking help for sleep disorders
than the train-the-trainer and
online delivery SHP approaches.

Mehrdad et al. (2015) [129],
Iran

Participants: 27 firefighters with poor
sleep quality
Intervention: In a double-blind,
randomized, placebo-controlled
crossover trial, firefighters took 10 mg
of zolpidem (sleeping pill) for two
weeks and a placebo for two weeks
with a two-week washout period
between conditions.

•Persian version of the Pittsburgh
Sleep Quality Index (PSQI)

There was a significant
improvement in PSQI scores after
the zolpidem period compared to
the control period including
improved sleep quality, sleep
onset latency, sleep duration,
habitual sleep efficiency, sleep
disturbances, and
daytime dysfunction.

Sullivan et al. (2017) [130],
United States

Participants: 1189 firefighters
Intervention: Firefighters attended a
30 min sleep health education training;
those that attended the training were
in the intervention group (n = 560),
and those that did not attend the
training were considered the control
group (n = 629).

•Screening for sleep disorders
•Firefighter health (sick time) and
safety (motor vehicle crashes and
injuries) were assessed from
departmental records during the
study’s two-week period
•Baseline and end-of-year surveys
on subjective improvements in
sleep and general health

Firefighters that attended the
sleep health education training
were 24% less likely to file an
official injury report during the
study period than those in the
control group. There were no
changes in self-reported sleep,
departmental injury, or motor
vehicle crash rates between the
groups during the study period.

5.2. Suggested Intervention: Regular Exercise

Future interventional studies should assess the effects of regular exercise on both
sleep quality and mental health in firefighters. A large amount of evidence exists that sup-
ports the efficacy of chronic exercise for improving subjective sleep quality in individuals
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suffering from insomnia symptoms. Multiple meta-analytic reviews have investigated
exercise interventions on sleep quality and demonstrated overall significant improvements,
especially in subjective sleep complaints [131–135]. In a meta-analysis on exercise as an
alternative treatment for chronic insomnia, Passos et al. found that the efficacy of chronic
exercise was similar to hypnotic drug use in improving symptoms of insomnia [131]. Multi-
ple types of chronic exercise, from aerobic exercise to Tai Chi, have been shown to improve
sleep [132]. Several mechanisms that provide a rationale for the improvement in insomnia
symptoms from exercise have been suggested [133,136–139]; these include but are not lim-
ited to reducing core body temperature for sleep onset [140–143], increasing melatonin and
serotonin secretion [131,144], reducing depression and anxiety, and improving autonomic
regulation which may reduce hyperarousal associated with insomnia [143].

Exercise also has a strong history of alleviating symptoms of mental health disorders;
it is often used as a stand-alone treatment method as well as in conjunction with traditional
treatment methods for specific mental health conditions. A recent meta-analysis and
systematic review support the use of aerobic exercise as an effective intervention (i.e., large
or moderate-to-large effects) to alleviate the symptoms of depression in clinically depressed
individuals [145]. Aylett et al. [146] conducted a systematic review and meta-analysis on
exercise and anxiety. Their results indicate exercise to be effective at reducing anxiety in
individuals diagnosed with anxiety disorders and individuals who self-report elevated
anxiety. Additionally, the evidence suggests high-intensity exercise to be more effective at
reducing anxiety, but both high- and low-intensity exercise were significantly more effective
relative to no exercise [146]. While the effects of exercise on PTSD are still being explored,
numerous studies highlight the positive benefits of exercise on PTSD. A recent review and
meta-analysis have highlighted the beneficial effects of exercise on PTSD symptoms and
some comorbid symptoms. Specifically, exercise reduced PTSD symptom severity and
reduced substance abuse [147]. Vancampfort et al. [148] conducted a systematic review and
meta-analysis on physical activity and suicidal ideation. While the results are based on
cross-sectional data, there was a significant negative association between physical activity
and suicidal ideation. Further, individuals who reported meeting current physical activity
guidelines were significantly less likely to report suicidal ideation, while individuals who
did not meet current physical activity guidelines were significantly more likely to report
suicidal ideation [148].

While this is not a comprehensive list, the effects of exercise on mental health disorders,
symptomology, and comorbid conditions have been well established. As mentioned above,
anxiety, depression, PTSD, substance abuse, and suicidal ideation are often experienced
together but remain independent of one another (i.e., not caused by each other). Imple-
menting a single intervention to treat multiple mental health conditions may be challenging
as each condition should be evaluated separately. However, exercise appears to have
significant positive effects on all the mental health conditions described in this review.

6. Conclusions

Firefighters are at a greater risk for insomnia and mental health conditions due to their
shift-working schedules, continual loud alerting emergency alarms, regular psychological
and physical trauma exposure, and extreme occupational demands compared to the general
population. In addition, sleep and mental health impairments are cyclical as both have
been shown to affect the other. Therefore, it is of the utmost importance to determine the
best strategies to improve these impairments in full-time firefighters in hopes of leading
to a higher quality of life throughout their career as the community relies on their help.
In addition, it is important for clinicians that work with firefighters, or other related
occupations, to understand the cyclical relationship between insomnia and mental health
conditions to better identify appropriate treatment strategies. Due to the supporting
evidence, exercise as a treatment for insomnia and mental health conditions in firefighters
should be further explored. Exercise interventions should assess multiple modes and
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intensities of exercise in addition to adherence rates to best determine the most effective
and applicable type of regular exercise program to promote in fire departments.
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Abstract: Background/Objectives: Sleep and mental health are closely linked, with sleep deprivation
increasing the risk of mental health problems in college students. This study aimed to analyze
the role of sleep in the mental health status of a sample of Italian freshmen, considering various
mental health outcomes and potential interactions between sleep and other relevant factors, such as
sociodemographic characteristics, academic experiences, and mental health history. Methods: All
freshmen from a medium-sized Italian university were invited to participate in a multidimensional
online survey (n = 3756). Sleep quality was assessed through questions on average hours of sleep per
night and on satisfaction of perceived sleep quality. Mental health outcomes included psychophysical
well-being, psychological distress, substance use, and problematic internet use. Statistical analysis
involved multivariate analysis of variance, followed by pairwise comparisons. Results: The sample
(n = 721) exhibited low levels of well-being and a high prevalence of psychological distress (52.1%).
Approximately one-third of students (n = 258) were dissatisfied with their sleep quality, and one-
fourth (n = 186) reported inadequate sleep (less than 7 h per night). More specifically, 24.4% of
students slept on average six hours per night, and 1.4% slept five hours or less. Satisfaction with
perceived sleep quality significantly influenced well-being, psychological distress, and cannabis use
(ηp

2 = 0.02). Interaction effects were observed between satisfaction with sleep quality and drop-out
intentions (ηp

2 = 0.01), as well as between satisfaction with sleep quality and history of mental health
diagnosis (ηp

2 = 0.02), both of which were significant for psychological distress and cannabis use.
Conclusions: This study highlights the influence of perceived sleep quality on academic distress
among college freshmen, particularly those with higher intentions of leaving university and with a
history of mental health diagnosis.

Keywords: sleep; college freshmen; mental health; well-being; psychological distress

1. Introduction

Mental health issues are prevalent among university students, with the academic
environment introducing various stressors, such as increased workload and lifestyle ad-
justments, including changes in sleep and eating habits [1,2]. Indeed, poor sleep hygiene
is prevalent among college students, characterized by insufficient sleep duration and low
sleep quality [3,4]. This might be particularly pronounced among freshmen, who are
often more vulnerable to the challenges of adapting to the new stressful academic envi-
ronment [5,6]. A recent European cross-sectional study found support for this, showing a
higher prevalence of insomnia symptoms among newer university students [7].

Students’ mental health is influenced by a myriad of factors, including sociodemo-
graphic characteristics, mental health history, academic experience, and lifestyle habits.
For instance, gender and relationship status have been associated with stress levels among
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Australian nursing students [8], while students with a family or personal history of mental
illness are at higher risk of developing mental health problems in university [9]. Moreover,
students who opt to leave university often grapple with mental health challenges [10]. Re-
search also indicates a correlation between mental health symptoms and poor sleep [3,11],
with sleep problems in college students having serious consequences, including cognitive
deficits, risky behaviors, impaired relationships, and overall poor health [12,13]. Two large-
scale studies involving American college students found significant associations between
anxiety and depression symptoms with poor sleep quality [14,15]. Additionally, a meta-
analysis by Scott and colleagues [16] on sleep-improvement interventions suggested a
causal relationship between sleep and mental health difficulties. Moreover, insomnia has
been linked to decreased academic performance and unhealthy behaviors [4,17], which
are highly prevalent among university students, including problematic internet use and
alcohol/cannabis misuse [18–20]. While research on problematic internet use and its associ-
ations with sleep has primarily focused on adolescents [21,22], some studies on university
students have reported similar significant associations [23,24]. Concerning alcohol con-
sumption, evidence suggests that it may exacerbate sleep problems [25], although findings
from university student cohorts are not entirely consistent [6,11]. Similarly, hazardous
cannabis use has been linked to insomnia symptoms among college students [26,27], but
further research is needed to better understand the nature of this association.

The aim of the present study was to explore the role of sleep in the mental health
status of a large sample of Italian freshmen, considering various mental health outcomes
and potential interactions with sleep and sociodemographic characteristics, health history,
and academic factors.

2. Materials and Methods
2.1. Study Design

This cross-sectional observational study involved freshmen from a medium-sized
university in northern Italy. Data collection took place from May to June 2022. In collab-
oration with the University administration, an email invitation was sent to all freshmen
enrolled in the academic year 2021/2022 to participate in a multidimensional online survey
created with LimeSurvey (www.limesurvey.org), a tool ensuring completely anonymous
data collection. The email included a description of the study and a link to access the survey.
Upon accessing the web link, participants were asked to provide informed consent before
proceeding with the survey. LimeSurvey automatically removed any participant identifiers
from the survey data, delivering only deidentified data to the investigators. Organizational
ethics approval was obtained from the Board of Directors of the University of Brescia
(approved with provision no. 330 on 22 November 2021). The survey was conducted in
accordance with the World Medical Association’s Helsinki Declaration for Human Studies.

2.2. Survey Instrument

This multidimensional survey assessed a wide range of sociodemographic and aca-
demic characteristics, as well as multiple aspects related to students’ psychological and
physical well-being. Sleep quality was assessed through two questions: a question about
the average number of hours slept per night and another on the satisfaction with perceived
sleep quality. More specifically, students were asked the following open-ended question:
“How many hours of sleep do you get per night on average?” and were asked to estimate
their usual sleep duration to the nearest whole hour. The number of hours slept per night
was further dichotomized into two categories: “less than seven hours” and “seven or more
hours”. Satisfaction with perceived sleep quality was measured on a five-point Likert
scale ranging from 0 (“Very dissatisfied”) to 4 (“Very satisfied”), with participants later
classified into three categories based on their answers: Dissatisfied (0 = “Very dissatisfied”
or 1 = “Quite dissatisfied”), Neither satisfied nor dissatisfied (2 = “Neither satisfied nor
dissatisfied”), and Satisfied (3 = “Quite dissatisfied” or 4 = “Very dissatisfied”). In our
analyses, we primarily focused on two of these categories: the Dissatisfied students and the
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Satisfied students. We specifically focused on students who clearly and distinctly expressed
either satisfaction or dissatisfaction with their quality of sleep (as opposed to those who
appeared neutral) in order to more precisely assess the impact of this satisfaction on mental
health outcomes.

To evaluate students’ mental health status, we included measures of psychophysical
well-being and psychological distress related to academic stressors as outcome measures.
We opted for psychophysical well-being as it encompasses a broad range of emotional and
psychological experiences of college students, and we included psychological distress re-
lated to academic stressors as a construct specific to our sample, given the constant pressures
of academic demands experienced by college students [28]. Additionally, we incorporated
measures related to prevalent unhealthy behaviors among students, such as problematic
internet use and the use of alcohol and cannabis. The inclusion of these measures provided
a more comprehensive approach to mental health status, considering their high prevalence
among students and their impact on several mental health aspects [23,29–32].

More specifically, the survey included the following standardized tools:

• General Health Questionnaire (GHQ-12) [33]. The GHQ-12 is a widely used self-
administered rating scale assessing mental health and psychophysical well-being. It
comprises 12 questions with a four-point response scale. In this study, we used the
standard bimodal method (0-0-1-1) of scoring, where a score of 0 is assigned to the first
two low-stress alternatives and a score of 1 is given to the two high-stress alternatives.
Total scores range from 0 to 12, with scores above 3 indicating psychological distress.
The GHQ-12 showed good reliability in our sample, as indicated by a Cronbach’s
alpha value of 0.78.

• University Stress Scale (USS) [34]. The USS is a 21-item screening test measuring the
cognitive appraisal of demands across the range of environmental stressors experi-
enced by students. Each item is rated on a four-point Likert scale (0 = “Not at all”,
3 = “Constantly”). The sum of all items gives the extent score, ranging from 0 to
63. An extent score of 13 or higher indicates significant psychological distress. The
USS showed high reliability in our sample, as measured by a Cronbach’s alpha value
of 0.85.

• A modified version of World Health Organization-ASSIST v3.0 (ASSIST). The ASSIST
is a questionnaire aimed at evaluating substance use for ten different substances: to-
bacco, alcohol, cannabis, cocaine, amphetamine-type stimulants, inhalants, sedatives,
hallucinogens, opioids, and “other drugs”. A score is determined for each substance
and categorized as low (occasional or nonharmful use), moderate (more regular use
or harmful/hazardous use), or high-risk use (frequent high-risk use or suggestive of
dependence). In this study, we employed the self-report adaptation of Barreto and col-
leagues [35] and focused on alcohol and cannabis use patterns, due to their prevalence
among students. Participants were categorized as low-risk or moderate/high-risk
users based on established cut-off scores (10 for alcohol and 3 for cannabis). The
ASSIST’s ability to classify drug use severity has been extensively validated [36,37]. In
our sample, Cronbach’s alpha values were confirmed at 0.56 for alcohol and at 0.79
for cannabis.

• Internet Abusive Use Questionnaire (IAUQ) [38]. The IAUQ assesses problematic
internet use and includes 12 items rated on a five-point Likert scale (0 = “totally
disagree”, 4 = “totally agree”). The total score ranges from 0 to 48 and the author
suggested a cut-off of 24 as indicative of problematic internet use. We categorized par-
ticipants based on their total score: nonproblematic internet use (below the cut-off) and
problematic internet use (above the cut-off). In this sample, the IAUQ demonstrated
high reliability, as measured by a Cronbach’s alpha value of 0.90.

2.3. Data Analysis

This study aimed to explore the relationship between sleep patterns and mental health
outcomes among college students. The analysis included correlation analysis, multivariate
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analysis of variance (MANOVA), and follow-up univariate analyses (ANOVAs) with
pairwise comparisons.

Descriptive statistics were computed for sociodemographic and clinical characteristics,
as well as for questionnaire scores. Categorical variables were summarized using percentage
distributions, while means and standard deviations (SD) were used for quantitative variables.

Prior to MANOVA, correlations among the dependent variables were examined to
assess multicollinearity. Pearson correlation coefficients were calculated between the mental
health measures (outcome variables), including USS, GHQ-12, ASSIST for alcohol and
cannabis use, and IAUQ.

A MANOVA was performed to assess the overall differences in mental health out-
comes across groups defined by the predictors, including sleep patterns (perceived sleep
quality and average hours of sleep per night) and demographic factors (gender, employ-
ment status, relationship status, field of study, drop-out intentions, lifetime psychological
support, and lifetime mental health diagnosis). Pillai’s Trace was chosen among the multi-
variate tests due to its conservative nature and robustness to violations of assumptions.

Significant results from the MANOVA were followed up with univariate analyses
(ANOVAs) to examine the effects of individual predictors on each mental health outcome
separately. Bonferroni correction was applied to adjust for multiple comparisons when
conducting pairwise comparisons between groups.

Pairwise comparisons were conducted using estimated marginal means to examine
differences between specific groups or levels of the predictors. Bonferroni correction was
applied to control the family-wise error rate in the pairwise comparisons.

All statistical analyses were conducted using IBM SPSS Statistics (version 29). The
significance level was set at α = 0.05 for all tests.

3. Results
3.1. Characteristics of the Sample

Among the 3756 freshmen in the study population, 721 (19.2%) completed the survey.
The participants had a mean age of 20.83 years (SD = 3.83), and the majority (63.4%)
were female. Most students (70.6%) had never received psychological support, and only
6.1% had ever received a diagnosis of a mental disorder. Notably, a high proportion of
students (81.3%) scored above the cut-off point on the GHQ-12, indicating low levels of
psychophysical well-being. Similarly, over half of the participants (52.1%) scored in the
range indicating significant psychological distress on the USS. Regarding sleep patterns,
24.4% of students indicated sleeping an average of six hours per night, while only a limited
number (1.4%) indicated sleeping five hours or less. Conversely, only three participants
reported sleeping more than nine hours per night. Additional sample characteristics are
reported in Table 1.

3.2. Multivariate Analysis

Statistical analysis showed significant correlations between the dependent variables
(Pearson coefficients for significant correlations ranging from 0.089 to 0.423; see Supplemen-
tary Materials Table S1), supporting the rationale for conducting a MANOVA to further
explore the relationships and differences across groups defined by the predictors. Table 2
displays significant multivariate effects observed for predictors included in the analysis,
such as gender, satisfaction with perceived quality of sleep, lifetime psychological support,
lifetime diagnosis of mental disorder, and drop-out intentions. In addition, significant
effects were detected also for the interactions of sleep satisfaction both with drop-out
intentions and with the lifetime diagnosis of a mental disorder.

Univariates with post hoc analysis revealed significant differences among students
reporting different levels of sleep satisfaction in GHQ-12 total score (F(2, 672) = 3.79,
p = 0.023, ηp

2 = 0.01), USS total score (F(2, 672) = 3.92, p = 0.020, ηp
2 = 0.01), and ASSIST

Cannabis total score (F(2, 672) = 8.65, p < 0.001, ηp
2 = 0.02). Specifically, students dissatisfied

with their sleep quality showed a higher GHQ-12 total score compared with students
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neither satisfied nor dissatisfied (mean difference = 3.92 points, SE = 1.25, p = 0.026, 95% CI
[0.29, 6.29]). Moreover, students dissatisfied with their sleep quality exhibited significantly
higher USS total scores compared with satisfied students (mean difference = 4.20 points,
SE = 1.68, p = 0.039, 95% CI [0.16, 8.24]). In addition, students dissatisfied with their
sleep quality demonstrated significantly higher ASSIST Cannabis total scores compared
with both satisfied students (mean difference = 2.196 points, SE = 0.73, p = 0.008, 95% CI
[0.45, 3.94]) and neither satisfied nor dissatisfied students (mean difference = 2.799 points,
SE = 0.709, p < 0.001, 95% CI [1.10, 4.50]).

Table 1. Characteristics of the sample.

Variable n %

Relationship Status
Single 405 56.2

With a partner 314 43.6
Missing 2 0.2

Employment status
Student 473 65.6

Student worker 248 34.4

Field of Study
Medicine and Pharmacy 325 45.1

Engineering and Agricultural 170 23.6
Economics 180 25.0

Law 46 6.4

Satisfaction with perceived quality of sleep
Dissatisfied 258 35.8

Neither satisfied nor dissatisfied 170 23.6
Satisfied 293 40.6

Hours of sleep per night
Less than 7 h 186 25.8

Equal or more than 7 h 532 73.8
Missing 3 0.4

ASSIST—Level of risky use of alcohol
Low risk 638 88.5

Medium/high risk 83 11.5

ASSIST—Level of risky use of cannabis
Low risk 670 92.9

Medium/high risk 51 7.1

Intentions to drop out of university
Low intentions 514 71.3

Medium/high intentions 207 28.7

Mean SD

Hours of sleep per night 7.02 1.04
GHQ-12 total score 6.07 2.91

USS total score 14.43 8.39
IAUQ total score 12.43 9.43

ASSIST Alcohol Total Score 4.71 5.04
ASSIST Cannabis Total Score 0.84 3.33

3.3. Interactions among Perceived Sleep Quality and Other Factors

In exploring interactions with pairwise comparisons, we report here only significant
differences between students dissatisfied versus students satisfied with their sleep quality.
For the other comparisons, refer to Supplementary Materials (Table S2).

The interaction between satisfaction with perceived sleep quality and drop-out inten-
tions showed significant differences in USS total score (F(2, 672) = 8.29, p < 0.001, ηp

2 = 0.02).
Specifically, among students with medium/high intentions to drop out, those dissatisfied
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with their sleep quality had a mean USS total score that was 7.51 points higher compared
with those satisfied with their sleep quality (SE = 1.98, p < 0.001, 95% CI [2.76, 12.27]).

Table 2. Multivariate analysis.

Effect Pillai’s
Trace F dfnum dfden p ηp

2

Gender 0.053 7.485 5.000 668.000 <0.001 0.053
Relationship status 0.002 0.223 5.000 668.000 0.953 0.002

Field of study 0.035 1.595 15.000 2010.000 0.067 0.012
Employment status 0.009 1.270 5.000 668.000 0.275 0.009
Sleep satisfaction 0.043 2.957 10.000 1338.000 0.001 0.022

Hours of sleep 0.003 0.377 5.000 668.000 0.865 0.003
Psychological support lifetime 0.017 2.280 5.000 668.000 0.045 0.017

Diagnosis of mental disorder lifetime 0.020 2.703 5.000 668.000 0.020 0.020
Drop-out intentions 0.084 12.225 5.000 668.000 <0.001 0.084

Gender × Sleep satisfaction 0.018 1.238 10.000 1338.000 0.262 0.009
Relationship status × Sleep satisfaction 0.016 1.048 10.000 1338.000 0.400 0.008

Field of study × Sleep satisfaction 0.053 1.193 30.000 3360.000 0.217 0.011
Employment status × Sleep satisfaction 0.026 1.781 10.000 1338.000 0.059 0.013

Psychological support lifetime × Sleep satisfaction 0.005 0.360 10.000 1338.000 0.963 0.003
Diagnosis of mental disorder lifetime × Sleep satisfaction 0.040 2.744 10.000 1338.000 0.002 0.020

Drop-out intentions × Sleep satisfaction 0.029 1.978 10.000 1338.000 0.032 0.015
Gender × Hours of sleep 0.014 1.953 5.000 668.000 0.084 0.014

Relationship status × Hours of sleep 0.009 1.187 5.000 668.000 0.314 0.009
Field of study × Hours of sleep 0.035 1.582 15.000 2010.000 0.071 0.012

Employment status × Hours of sleep 0.002 0.276 5.000 668.000 0.927 0.002
Psychological support lifetime × Hours of sleep 0.006 0.848 5.000 668.000 0.516 0.006

Diagnosis of mental disorder lifetime × Hours of sleep 0.001 0.168 5.000 668.000 0.974 0.001
Drop-out intentions × Hours of sleep 0.003 0.366 5.000 668.000 0.872 0.003

Multivariate analysis with Pillai’s Trace on collected variables, analyzing both main effects and interactions for
sleep variables. ηp

2 = partial eta squared.

The interaction between satisfaction with perceived sleep quality and lifetime mental
health diagnosis showed significant differences in ASSIST Cannabis total score (F(2, 672) = 7.56,
p < 0.001, ηp

2 = 0.02). Specifically, among students who have had a diagnosis of a mental
disorder, those dissatisfied with their sleep quality had a mean ASSIST Cannabis total
score that was 4.48 points higher compared with those satisfied with their sleep quality
(SE = 1.35, p = 0.003, 95% CI [1.23, 7.73]).

4. Discussion

This study aimed to explore the aggregate effect of sleep on various mental health
outcomes among college freshmen, both independently and in interaction with other
variables. Results from descriptive analysis supported previous findings on the poor
mental health status of college students [39–41] and confirmed the prevalence of sleep
problems previously highlighted in similar samples [3,4]. Considering sleep duration
guidelines which recommend at least seven hours per night for young adults [42], one
in four students in our sample did not get enough sleep and about one in three was not
satisfied with their sleep quality. Our results contrast with those of previous Italian and
European studies, where approximately half (or more) of students reported insufficient
sleep quality [43–45]. This discrepancy may be attributed to methodological differences,
as those studies employed standardized sleep assessment tools while our study relied on
self-reported sleep measures.

Furthermore, the main results show that, among other factors, perceived sleep quality
was associated with mental health outcomes, consistent with previous research [14,46,47].
Sleep and mental health are closely intertwined, with sleep deprivation increasing the risk
of developing mental health problems, which can then detrimentally impact academic
performance [48]. Perceived sleep quality specifically influences measures of psychological
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distress and cannabis use, even when considering its interactions with drop-out intentions
and a history of mental disorder diagnosis. Regarding drop-out intentions, results reveal
that among students with medium/high intentions of leaving university, perceived sleep
quality was significantly and substantially associated with perceived academic distress.
This suggests that feeling well-rested might be particularly crucial for students already
contemplating leaving university. The stress of a major decision, coupled with fatigue from
poor sleep, may exacerbate existing academic pressures and significantly increase their
distress levels.

Perceived sleep quality, when considered alongside a lifetime diagnosis of a mental
disorder, appeared to correlate with differences in cannabis consumption, as students
dissatisfied with their sleep quality tended to report significantly higher scores. Given
the increased vulnerability of students with a history of mental disorders to experiencing
mental health problems in university [9], it is plausible that poor sleep quality could
potentially contribute to some students’ decision to self-medicate in an attempt to improve
sleep [49]. However, it is important to note that while low perceived sleep quality and
resulting discomfort may suggest a link to cannabis self-medication to alleviate distress [50],
further research is needed to confirm this hypothesis.

This study suggests a strong connection between sleep habits, substance use, and
mental health in college students. Healthy sleep habits might be particularly important
for students at risk of dropping out or using substances, as sleep problems and resulting
distress may lead them to seek coping mechanisms like substance use [51]. Additionally,
healthy sleep habits have the potential to be particularly beneficial for vulnerable students,
such as those already diagnosed with a mental disorder, where substance use may further
deteriorate their mental health [50].

While our study focused on examining the relationship between sleep and mental
health outcomes among college freshmen, it is crucial to acknowledge the broader context
of student well-being. Promoting good sleep could be an important component of a
broader program aimed at improving student well-being. The university lifestyle can
foster unhealthy behaviors like lack of exercise, which can further impact sleep quality
and overall health [52]. Adequate sleep plays a crucial role in managing stress, which is a
common challenge among college students due to academic, social, and extracurricular
commitments [53]. Quality sleep can help reduce stress, improve coping skills, and enhance
academic performance, potentially due to better memory, concentration, and problem-
solving abilities [48,54,55].

While our study sheds light on the relationship between sleep and mental health
outcomes among college freshmen, future research should continue to explore these rela-
tionships to develop more effective interventions and support mechanisms for promoting
student well-being. Universities might consider strengthening their counseling services to
provide adequate support for students struggling with stress and sleep issues. Promoting a
culture of well-being can not only benefit students’ personal health and future prospects
but also have significant positive implications from social and economic perspectives.

Limitations

This study has some limitations, mainly concerning the generalizability of the results.
Data were gathered only from freshmen at a single university in northern Italy, and
voluntary participation may have introduced selection bias, as students who participated
might differ from those who declined. Further studies including more representative
samples and cross-cultural comparisons are therefore needed. The self-report nature of
our assessments is a second limitation, potentially affecting the validity of the results.
Additionally, while we used two measures to assess sleep (number of hours and perceived
quality), employing a more comprehensive and standardized questionnaire would have
allowed for a more accurate and detailed assessment, facilitating comparisons with other
studies. Another limitation is that we focused on specific mental health outcomes, such as
psychophysical well-being, university distress, substance use, and problematic internet use.
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These chosen outcomes, while providing a broad view of the emotional and psychological
experiences of college students, may not capture the full spectrum of their mental health.
Furthermore, the results regarding cannabis use should be interpreted with caution due to
the low number of students using this substance and their reporting of medium/high-risk
use. Social desirability bias might also have led to an underestimation of actual use.

5. Conclusions

This study contributes to understanding the role of sleep in the mental health of
college freshmen by examining various mental health outcomes and interactions with
sociodemographic and clinical factors. Our findings revealed a high prevalence of poor
sleep quality and dissatisfaction among students. Notably, perceived sleep quality showed
a strong association with psychological distress, particularly among those considering
dropping out. Furthermore, among freshmen with the highest drop-out intentions, those
reporting the most dissatisfaction with sleep quality also reported the highest cannabis use.
These findings highlight the potential value of exploring interventions aimed at enhancing
sleep quality and promoting healthy lifestyle choices among college students. Further
research is warranted to gain a deeper understanding of the complex interaction that exists
between sleep, mental health, and other sociodemographic, clinical, and academic factors.
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Abstract: Background: Internships are a mandatory graduation requirement to help medical stu-
dents transition to the work environment. Some individuals are prone to anxiety in an unfamiliar
environment, which is a public concern among young adults. Here, we investigated the mechanism
between internet gaming disorder and anxiety and insomnia among internship students. Methods:
A convenient sample of 267 internship students was collected in a cross-sectional study module
between 17 July and 27 December 2022. The survey contained a 7-item Generalized Anxiety Disorder
(GAD-7), Athens Insomnia Scale (AIS), and Internet Gaming Disorder Scale—Short-Form (IGDS9-SF).
The association was estimated using Pearson’s correlations, and network analysis was performed to
characterize these associations. Results: Our results indicate that about 60% of participants exhibited
mild to severe anxiety and insomnia, while 2.28% showed symptoms of internet gaming disorder.
Also, we found a moderate association between anxiety and insomnia. An item-level analysis indi-
cated that GAD_1 “feeling anxious” and GAD_5 “unable to sit still” are essential for gaming, and
that GAD_2 “uncontrollable worrying” is crucial for insomnia. This indicated an interplay between
these items, supported by our centrality analysis, where we found that GAD_1 and GAD_2 depicted
high centrality. Conclusions: We found high rates of anxiety and insomnia in internship students
and the association between selected symptoms of anxiety and insomnia. At the same time, low rates
of internet gaming disorder could be attributed to a lack of time for entertainment and an increased
awareness of its risks. Given these findings, an awareness of anxiety and insomnia risk should be
emphasized.

Keywords: insomnia; anxiety; gaming disorder; intern students; mental health; network analysis

1. Introduction

Mental health disorders such as anxiety, depression, sleep difficulty, and addiction
behavior are serious psychological and health problems. People living under stress, such as
undergraduates and interns, are more subjected to such conditions [1]. Reports indicated a
higher risk of developing anxiety and depression in undergraduate students in the first
and second waves of the pandemic [2,3]. Further, the prevalence of depression during the
second wave of COVID-19 was documented as high as 50% in cross-sectional settings [4],
indicating the rate of psychological stress has been elevated since the pandemic. In line with
this, a two-year longitudinal post-COVID-19 pandemic study examined the trajectories
of mental health aspects in the Italian population. The study indicated a reduction in
depression, anxiety, and sleep disturbances. However, the duration of evening sleep was
gradually reduced in young individuals [5].

The internship is a transition phase where students acquire practical experience and
become familiar with the work environment [6]. Internships during the final undergraduate
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year strongly dictate the professional transition to practice and employment [7]. Interns
had a higher prevalence of psychological distress when compared to the general popu-
lation [8]. Psychological conditions could cause changes in behaviors and personality.
These changes could be driven by the long working hours associated with continuous
sleep deprivation [9]. Other challenges interns face are adjustment issues and building
their professional competence, which includes interpersonal and communication skills,
knowledge, experience, adapting to a decision-making role, difficulty with the licensure
exam, and job pursuit [8,10].

Online gaming has become a public health concern among young adults, as it can
lead to addiction. Excessive online gaming is becoming a behavior pattern that causes
harmful consequences at physiological and psychological levels. This behavior can be
severe enough to damage personal, family, social, educational, occupational, and other
critical aspects of functioning [11]. As various studies show a high prevalence of anxiety
and insomnia among intern students [12–14], it is essential to understand the particular
pattern of anxiety and insomnia associations in relation to online gaming.

Insomnia is a common sleep disorder characterized by difficulty falling or staying
asleep, usually accompanied by daytime impairment [4]. Chronic sleep restriction is linked
to daytime cognitive deficit, metabolic dysfunction, and alterations in the endocrine sys-
tem [15]. Further, insomnia is related to somatization and emotional dysregulation [16].
Also, a volumetric analysis of the brains of patients with anxiety disorder showed abnor-
malities in magnetic resonance readout, and these alterations were associated with the
severity of insomnia [17].

It has been reported that insomnia is higher among older people, females, and people
with medical and psychiatric conditions [4]. However, research studies and reviews
have highlighted the prevalence of insomnia and sleep deprivation in residents and
interns [12,18–20]. In line with this, a survey-based report showed that short sleep du-
ration was associated with anxiety during the internship, and predicted future anxiety
symptoms [12].

We previously reported, using regression and mediation models, that anxiety and
insomnia mediate gaming addiction and depression association [21]. In another report, we
found that health sciences college students exhibited a higher level of anxiety; more than
50% of the participants reported moderate to severe anxiety [22]. Further, in the second
wave of COVID-19, we found a significant number of college students were at risk of
anxiety and depression, and there was an association between these risks and poor sleep
quality [23]. We further examined the risks of insomnia in Saudi students, and more than
70% of the participants were at higher risk of experiencing insomnia while addressing the
Athens Insomnia Scale [24].

A two-year longitudinal study indicated more than a third of college students exhib-
ited insomnia, and those with psychological determinants, including perfectionism and
low self-esteem, were predisposed to it [25]. In line with this, another report examining the
mental well-being of undergraduate nursing students indicated that more than 70% of the
participants exhibited higher risks of insomnia [26]. Also, a study conducted at Bielefeld
University reported that more than 70% of the study participants presented insomnia symp-
toms [27]. Further, students with insomnia reported clinical and non-clinical conditions,
including anxiety, depression, stress, and fatigue [28–30]. Thus, the relationship between
insomnia and mental health issues is well acknowledged. Further, insomnia is associated
with addiction [31,32] and alcohol use [33,34], indicating an intervention is paramount at
the organizational level to raise awareness about the clinical consequences of insomnia.

Reports have indicated that the severity of internet gaming disorder is linked to
anxiety and poor sleep quality [35–37]. Fazeli et al. [38] found a mechanistic indication
that anxiety is a significant mediator of insomnia and internet gaming disorder. Yet, these
reports were based on total scores, which makes it difficult to intervene and target a specific
symptom.
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Network analysis is an emerging tool for understanding the complex relations of
mental disorders’ comorbidities. The structural foundation is a dimensional module com-
posed of nodes and edges. Nodes represent symptoms, while edges reflect the relationship
between these nodes. This analysis module would determine the most influential–central–
symptom, identifying an appropriate symptom-based intervention [39,40].

In the context of psychiatric disorders, network analysis has been utilized to delineate
the comorbid symptoms of anxiety and depression [41–44], depression and psychological
factors [45,46], eating disorders, and psychiatric diseases [47]. Yet, most of these reports
were conducted during the COVID-19 pandemic. Additionally, only a few studies examined
insomnia and anxiety. However, these studies included other conditions and factors, such
as depression and workload [48–50]. The existence of additional multivariates could add
further heterogeneity to the insomnia–anxiety network analysis [39].

In a clinical setting, anxiety and insomnia are linked to economic, social, and cultural
components [51–55]. Thus, findings from studies conducted in Africa, North and South
Asia, and Western countries might not be applicable. Even though interns face challenges
of novel and stressful training environments along with maintaining sufficient sleep hours,
a comprehensive study examining this sample population has not been conducted. As
far as we know, no studies based on network analysis at an item-level analysis examined
the anxiety–insomnia–gaming network in the internship sample population. Also, none
have been established in Middle Eastern countries. Here, we aimed to explore the complex
relationships between the symptoms of insomnia, anxiety, and internet gaming disorder
among internship students using network analysis.

2. Materials and Methods

A cross-sectional study was conducted on male and female internship-year students
from King Saud University from 17 July to 27 December 2022. An online survey was
generated by Google Forms in Arabic and English and distributed to participants using
convenient sampling technology through Twitter, WhatsApp, and Telegram. An electronic
consent notification, indicating that the participant agrees to participate in the study and
that the response is entirely confidential and voluntary, along with a clear indication of
the objectives and descriptions of the project, was shown at the beginning of the survey.
Ethical approval was obtained from the Institutional Review Board at King Saud University
(KSU), Riyadh, Saudi Arabia (Ref No. 22/0055/IRB), approved on the 23rd of January 2022.
Although 267 students responded to invitations, four were excluded because of missing
data, totaling more than 5%. Finally, the data of 263 participants were statistically analyzed.

2.1. Participants

A total of 263 students, aged between 18 and 30 (M = 22.83, SD = 1.37), participated
in the study, including 67.68% (n = 178) of females and 32.32% (n = 85) of males, 95.82%
(n = 252) of singles and 4.18% (n = 11) of married (Table 1). The number of family members
at home ranged between 1 and 14, with a mean of 6 (M = 6.41, SD = 2.35). The participants
in the study were interns who were studying at Saudi institutes from different colleges,
which include the college of pharmacy (n = 55, 20.91%), college of dentistry (n = 18, 6.84%),
college of medicine (n = 10, 3.80%), college of nursing (n = 41, 15.59%), college of applied
medical sciences (n = 120, 45.63%), and college of humanities (n = 2, 0.76%).

2.2. Measurements
2.2.1. Anxiety

The Generalized Anxiety Disorder (GAD-7) scale is a validated 7-item used widely
and easily to screen for anxiety in general and research settings [56]. The GAD-7 scale uses
a four-point Likert scale from 0 (not at all) to 3 (every day), with total scores ranging from
0 to 21; higher scores represent higher grades of anxiety. The total scores of 5, 10, and 15
are taken as the cut-off points for mild, moderate, and severe anxiety, respectively. Both
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English, Cronbach’s alpha = 0.92 [57], and Arabic, Cronbach’s alpha = 0.95 [58] versions of
this tool were used in the study.

Table 1. Demographic characteristics of students (N = 263).

Variable Category n/M %/SD

Age Range 18–30 22.83 1.37

Sex
Male 85 32.319

Female 178 67.681

Relationship status Single 252 95.817
Married 11 4.183

Number of family members Range 1–14 6.41 2.35

Internship program—college -

Applied medical sciences 120 45.63
Medicine 10 3.8
Dentistry 18 6.84
Nursing 41 15.59

Pharmacy 55 20.91
Humanities 2 0.76

2.2.2. Insomnia

The Athens Insomnia Scale (AIS) is an 8-item questionnaire developed to assess
insomnia, demonstrating strong consistency, reliability, and validity [59]. The first five
items assess problems with sleep induction, awakening during the night, early morning
awakening, total sleep duration, and overall sleep quality. The last three items are about
the next-day consequences of insomnia, such as problems with a sense of well-being,
functioning, and sleepiness during the day. Each AIS item is scored on a 0-to-3 scale, with
0 representing no problem and 3 representing a profoundly serious problem. The overall
score on these eight items varied from 0 to 24, with a score of AIS ≥ 6 indicating insomnia.
Subjects were asked to rate positively if they had experienced the item at least thrice weekly
in the previous month. Both English, Cronbach’s alpha = 0.84 [60], and Arabic, Cronbach’s
alpha = 0.83 [61] versions of this tool were used in the study.

2.2.3. Gaming

The Internet Gaming Disorder Scale 9—Short-Form (IGDS9-SF) is the most commonly
used psychometric tool for evaluating the severity of an internet gaming disorder over a
year [62,63]. The IGDS9-SF incorporates all nine internet gaming disorder criteria estab-
lished by the American Psychiatric Association (APA) in the DSM-5, with attributes of
conciseness and short administration time, making it useful in clinical and research settings.
Furthermore, the IGDS9-SF’s psychometric properties, including internal consistency and
validity, have been thoroughly evaluated [64]. The scale uses a 5-point Likert-type: Never
(1), Rarely (2), Sometimes (3), Often (4), and Very Often (5). The total score is calculated
by summing the nine items (range: 9–45), with a higher score indicating a higher level of
internet gaming disorder (IGD). A response of “Very often” on five or more of the nine
items on the IGDS9-SF is considered indicative of IGD [65]. Both English, Cronbach’s
alpha = 0.91 [65], and Arabic, Cronbach’s alpha = 0.92 [66] versions of this tool were used
in the study.

2.3. Demographics

The demographic characteristics assessed in the study are participants’ age, gender,
marital status, number of family members at home, and internship program.

2.4. Statistical Analysis

Descriptive statistics were performed to examine the parametric properties of variables,
including range of scores, mean (M), standard deviation (SD), skewness, and kurtosis.
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Reliability was assessed using Cronbach’s α coefficients. Pearson’s correlation analysis
was conducted to examine associations between internet gaming disorder, anxiety, and
insomnia symptoms. Finally, the network analysis (NA) was implemented to identify
the most important variables for the model of associations between particular symptoms
of insomnia, general anxiety disorder, and internet gaming disorder among internship
students. We used the NA with extended Bayesian information criteria and graphical least
absolute shrinkage, and selection operator (EBICglasso) as an estimator. The weighted
network between nodes is represented by magnitude (the thicker the lines between nodes,
the stronger the relationship). The closeness between nodes also shows the strength of
correlations. Closeness centrality quantifies how close a node is to all other nodes in the
network. It is calculated as the inverse of the sum of the shortest path distances between
a node and all other nodes in the network. Several centrality indices (i.e., betweenness,
closeness, degree, and expected influence) identified the network model’s most relevant,
influential, and crucial variables. All statistical tests were performed using the JASP ver.
0.16.1.0. software for Windows.

3. Results
3.1. Prevalence of Internet Gaming Disorder, Anxiety, and Insomnia Symptoms

About 87 of our participants responded to the Arabic questionnaire, and 167 responded
to the English version. The frequencies of particular categories of disordered symptoms
are shown in Table 1. Among participants, only six (2.28%) students met the criteria of
gaming addiction (i.e., a minimum of 5 out of 9 items of the IGDS9-SF rated as “very often”).
Moderate or severe symptoms of general anxiety disorder (GAD-7 ≥ 10) were found in
28.90% of participants (see Table 2 for more details). Most of the interns (60%) presented
insomnia symptoms (AIS ≥ 6).

Table 2. Frequencies of particular categories of internet gaming disorder, anxiety, and insomnia
symptoms.

Variable Categories n %

Internet gaming
disorder

Non-disordered
gamers 257 97.72

Disordered gamers 6 2.28

Generalized anxiety
disorder

No symptoms 92 34.98
Mild symptoms 95 36.12

Moderate symptoms 54 20.53
Severe symptoms 22 8.37

Insomnia
No insomnia 104 39.54

Insomnia 159 60.46
Note. Disordered gamers can be identified if they respond “Very often” to at least five of the nine items on the
IGDS9-SF. Insomnia is considered with a score of six or more in the AIS.

3.2. Associations between Internet Gaming Disorder, Anxiety, and Insomnia Symptoms

Descriptive statistics are presented in Table 3. Since the sample size was quite large
(N > 200), and skewness and kurtosis ranged between +0.50, the properties of internet
gaming disorder, general anxiety disorder, and insomnia symptoms were appropriate for
further parametric statistical tests.

Table 3. Descriptive statistics (N = 263).

Variable Range M SD Skewness Kurtosis Cronbach’s α

Internet gaming
disorder 9–41 18.53 7.84 0.64 –0.49 0.89

Anxiety 0–21 7.22 5.06 0.56 –0.32 0.89
Insomnia 0–23 7.06 4.52 0.52 –0.03 0.83
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A Pearson’s correlation analysis showed that internet gaming disorder is related to
anxiety symptoms, r = 0.35, [95% CI (0.24, 0.45)], p < 0.001 (small strength). Insomnia
symptoms are linked to internet gaming disorder, r = 0.27, [95% CI (0.16, 0.38)], p < 0.001
(small strength). Also, a moderate association was found between general anxiety disorder
and insomnia symptoms, r = 0.61, [95% CI (0.50, 0.70)], p < 0.001. All associations were
positive (see Figure 1).
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Figure 1. Pearson’s correlations between internet gaming disorder, anxiety, and insomnia symptoms
(N = 263). *** p < 0.001.

3.3. Network Analysis

The network analysis was performed to examine the complex relationships between
particular symptoms of insomnia, anxiety, and internet gaming disorder among internship
students. The structure of associations is presented in Figure 2. Our findings indicated a
positive relationship association, and they indicated that a peripheral cluster existed within
the internet gaming disorder scale. It is composed of IGDS_1, “the preoccupation with
online/offline gaming” IGDS_3, “the need to spend increasing amounts of time engaged
in games” IGDS_4, “unsuccessful attempts to control participation in games”, and the
IGDS_2, “experience of unpleasant symptoms when gaming is taken away” nodes.

Another connection was detected between IGDS_5, “loss of interest in previous hob-
bies”, IGDS_6, “continued excessive use of games despite knowledge of psychosocial
problems”, and IGDS_9, “jeopardizing or losing a significant relationship, job, or education
opportunity because of participation in games”, nodes. A moderate association was ob-
served between IGDS_3, “the need to spend increasing amounts of time engaged in the
games” node, and IGDS_8, “the node of use of games to escape or relieve negative moods”.

The nodes GAD_1, “feeling nervous”, and GAD_2, “uncontrollable worrying”, were
strongly connected. The nodes GAD_3, “worrying too much”, and GAD_4, “ trouble
relaxing”, were strongly clustered. A direct association was observed between GAD_5
“restlessness” and GAD_6 “irritability” nodes.

The insomnia network indicated a strong association between AIS_2 “awakening
problems” and AIS_3 “awakening earlier than desired” nodes. Similarly, the nodes of
AIS_4, “sense of sleep duration sufficiency”, and AIS_5, “satisfaction of sleep quality”,
were interconnected. Additionally, the nodes of AIS_6, “sense of well-being during the day”,
and AIS_7, “physical and mental functioning during the day”, were strongly connected.
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Figure 2. Network structure of associations between the insomnia (AIS), anxiety (GAD), and gaming
disorder (IGDS) scales. Note. The blue line represents a positive relationship, while the orange line
indicates a negative association between nodes in the network model. AIS = Athens Insomnia Scale,
AIS_1 = delaying sleep, AIS_2 = problems with waking during the night, AIS_3 = final awakening
earlier than desired, AIS_4 = sense of total sleep duration sufficiency, AIS_5 = overall satisfaction of
sleep quality, AIS_6 = sense of well-being during the day, AIS_7 = physical and mental functioning
during the day, AIS_8 = sleepiness during the day. GAD = General Anxiety Disorder, GAD_1 = feeling
nervous, anxious, or on edge, GAD_2 = not being able to stop or control worrying, GAD_3 = worrying
too much about different things, GAD_4 = trouble relaxing, GAD_5 = being so restless that it is hard to
sit still, GAD_6 = becoming easily annoyed or irritable, GAD_7 = feeling afraid as if something awful
might happen. IGDS = Internet Gaming Disorder Scale, IGDS_1 = preoccupation with online/offline
gaming, IGDS_2 = experience of unpleasant symptoms when gaming is taken away, IGDS_3 = the
need to spend increasing amounts of time engaged in games, IGDS_4 = unsuccessful attempts to
control participation in games, IGDS_5 = loss of interest in previous hobbies and entertainment as
a result of, and with the exception of, games, IGDS_6 = continued excessive use of games despite
knowledge of psychosocial problems, IGDS_7 = deceiving family members, therapists, or others
regarding the amount of gaming, IGDS_8 = use of games to escape or relieve negative moods,
IGDS_9 = jeopardizing or losing a significant relationship, job, or education or career opportunity
because of participation in games.

With the IGDS-GAD model, IGDS_8, “the use of games to escape or relieve negative
moods”, and GAD_1, “the feeling nervous” nodes, had the strongest connection. Another
direct positive connection was detected between GAD_5, “the restlessness” node, and
IGDS_7, “the deceiving family members or others regarding the amount of gaming” node.

With the AIS-GAD model, the nodes of AIS_6 “sense of well-being during the day”,
and AIS_4 “sense of sleep duration sufficiency” were directly connected to GAD_4 “trouble
relaxing”. Also, the node of AIS_7 “physical and mental functioning during the day” was

78



J. Clin. Med. 2024, 13, 4054

directly connected to the GAD_2 node. Another direct positive connection was detected
between the GAD_1 “feeling nervous” and AIS_2 “awakening problems” nodes.

With the AIS-IGDS model, a negative association was detected between the AIS_5
“satisfaction of sleep quality” node and IGDS_7 “deceiving family members or others
regarding the amount of gaming” node.

Figure 3 depicts the centrality plot, and Supplementary Table S1 exhibits the centrality
analysis values. Our analysis indicated that IGDS_7, “deceiving family members or others
regarding the amount of gaming”, is more critical for betweenness centrality. Nodes with
high closeness centrality can quickly interact with other nodes in the network. In the
present study, IGDS_7 and GAD_1 are critical for closeness centrality. In addition, GAD_2
determines the degree and expected influence of centrality.
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Figure 3. Centrality plot. Note. AIS = Athens Insomnia Scale, AIS_1 = delaying sleep,
AIS_2 = problems with waking during the night, AIS_3 = final awakening earlier than desired,
AIS_4 = sense of total sleep duration sufficiency, AIS_5 = overall satisfaction of sleep quality,
AIS_6 = sense of well-being during the day, AIS_7 = physical and mental functioning during the day,
AIS_8 = sleepiness during the day. GAD = General Anxiety Disorder, GAD_1 = feeling nervous,
anxious, or on edge, GAD_2 = not being able to stop or control worrying, GAD_3 = worrying too
much about different things, GAD_4 = trouble relaxing, GAD_5 = being so restless that it is hard to
sit still, GAD_6 = becoming easily annoyed or irritable, GAD_7 = feeling afraid as if something awful
might happen. IGDS = Internet Gaming Disorder Scale, IGDS_1 = preoccupation with online/offline
gaming, IGDS_2 = experience of unpleasant symptoms when gaming is taken away, IGDS_3 = the
need to spend increasing amounts of time engaged in games, IGDS_4 = unsuccessful attempts to
control participation in games, IGDS_5 = loss of interest in previous hobbies and entertainment as
a result of, and with the exception of, games, IGDS_6 = continued excessive use of games despite
knowledge of psychosocial problems, IGDS_7 = deceiving family members, therapists, or others
regarding the amount of gaming, IGDS_8 = use of games to escape or relieve negative moods,
IGDS_9 = jeopardizing or losing a significant relationship, job, or education or career opportunity
because of participation in games.
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4. Discussion

Network analysis is a novel approach to understand the complex interactions between
symptoms and conditions. In the context of the anxiety–insomnia–gaming network, the
analysis can identify which symptoms are most strongly interconnected and how they may
be contributing to each other’s severity. In this work, we found elevated rates of anxiety
and insomnia in internship students. A small percentage of our study participants exhibited
gaming addiction. Further, we identified an association between selected symptoms of
the anxiety–insomnia–gaming network. The item-level analysis indicated that GAD_1,
“feeling anxious”, and GAD_5, “restlessness”, are central to gaming and that GAD_2,
“uncontrollable worrying”, is central to insomnia. This indicates an interplay between
these items, supported by our centrality analysis, where we found that GAD_1 and GAD_2
depicted high centrality.

The rates of anxiety and insomnia are high compared to the reported findings of
existing studies. For instance, the prevalence of anxiety in the adult population is about
19% [67], whereas epidemiological-based studies indicated that the prevalence of insomnia
is 21–25% [68]. Further, Perlis et al. [69] reported that around 30% of the population develop
acute incidents of insomnia. Our findings indicated that about 2% showed symptoms of
internet gaming disorder; a meta-analysis study reported that gaming disorder’s global
prevalence is around 3% [70], suggesting that the gaming pattern of our study sample
aligns with its global prevalence.

Our Pearson’s correlation findings indicated a significant association between in-
somnia and anxiety. In support of this, the association has been verified using multiple
approaches [71–73]. A previous longitudinal report conducted in Switzerland indicated
that repeated brief insomnia and continued insomnia were significantly linked to anxiety in
young individuals (21–23 years). Further, the risk of insomnia reoccurrence was reasonably
high [74]. Additionally, this association could lead to significant clinical consequences.
For instance, functional Magnetic Resonance Imaging (fMRI) in anxiety–insomnia patients
compared to healthy controls revealed a hyperactive posterior cingulate cortex and el-
evated network segregation. This elevation was significantly linked to the severity of
insomnia [75]. In line with this, elevated functional connectivity was detected in the limbic
system (amygdala) of patients diagnosed with primary insomnia [76]. Meanwhile, the
amygdala is physiologically linked to emotional regulation [77].

A higher rate of insomnia could be attributed to multiple factors. College students,
in particular, are at higher risk of acquiring insomnia, primarily due to social, academic,
and professional concerns [78]. Mbous et al. reported that insomnia coexists in more
than 70% of depressed students [79], indicating that having mood disorders elevates
the risk of experiencing insomnia. An epidemiological study conducted on Portuguese
adolescents concluded that female gender and age are substantial risk factors for acquiring
insomnia [80], and a significant number of our study participants are female. In line with
this, a study reported that experiencing one month of insomnia over one year was correlated
inversely with age; the probability was higher in participants in their twenties and reduced
compared to individuals in their thirties, then declined compared to participants in their
forties. The study also indicated that insomnia is more prevalent in women [81].

A study conducted in multiple primary healthcare centers in Saudi populations from
the Jeddah district concluded that severe insomnia is prevalent in younger individuals [82].
Additionally, a recent report indicated that adolescent females exhibited a higher prevalence
of insomnia compared to males and younger-aged females. The report also showed that
a higher prevalence of sleep reduction was linked to sleep hygiene practices, including
caffeine consumption [83]. Another report on Saudi female college students indicated
that coffee consumption exceeded 80% [84]. In support of this, another study on Saudi
adolescents reported that 94% consumed coffee and caffeinated products [85], which could
be a critical factor in the elevated rates of insomnia in Saudi college students.

Further, the Saudi lifestyle may contribute to these findings. With its dry and hot
weather, Saudi Arabia may seem dormant. But as the sun sets, a remarkable transformation
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occurs. The cities burst into life, offering a vibrant and energetic nightlife starkly contrasting
with the daytime heat. The cities are full of glowing shopping centers. Further, Arabian
culture values coffee, and coffee shops are everywhere and always crowded with people.
Additionally, the majority of family gatherings, weddings, and social events are carried out
during the night [86].

The elevated level of insomnia could be clinically relevant to the risks of develop-
ing depression [87], heart disease [88], obesity [89], and cognitive dysfunction [90]. For
instance, symptoms of insomnia have been identified as a predictive risk of depression
and high blood pressure. In an eight-year follow-up cohort study, it was found that in-
dividuals exhibiting four symptoms of insomnia develop both depression and elevated
blood pressure [91]. In line with this, studies from the early seventies documented changes
in the rapid eye movement sleep latencies in depressed patients [87,92]. Further, a report
indicated that the prevalence of type 2 diabetes is more than 20% in individuals with
insomnia [93]. These clinical implications of insomnia highlight the need to establish an
early intervention and/or preventive measures for insomnia.

The most predominant findings within our anxiety–insomnia–gaming network struc-
ture indicated that: (1) GAD_1 and GAD_2 are interconnected at a high centrality level;
(2) GAD_2 is crucial for insomnia; (3) the GAD_3 cluster was most substantial among
anxiety symptoms; (4) GAD_1 and GAD_5 are essential for internet gaming disorder; (5)
the centrality analysis highlighted multiple nodes; those that project the most are IGDS_7,
GAD_1, and GAD_2.

The item-level analysis found that GAD_1 and GAD_2 are interconnected at a high
centrality level. Extended thinking and worrying have been linked to psychiatric [42,44]
and behavioral conditions [94]. For example, a previous report indicated that GAD_1 inter-
twined with multiple domains of depression [44]. This connection could be established, as
feeling nervous and being unable to control worrying are mirrors of persistent nervousness,
which is a core symptom of anxiety [95].

Our findings highlighted GAD_3 as a central domain of the analysis, which could
be partially driven by career entry worries [96]. Being worried too much is an essential
symptom of anxiety disorder [95]. Previous research indicated that worrying too much
is the central node of the depression–anxiety network in adolescents. Further, the study
identified GAD_3 as a potential interventional target in adolescent individuals to mitigate
the risk of the clinical consequences of depressive and anxiety symptoms [43], signifying
the role of GAD_3 as a core symptom of anxiety.

Further, we found that GAD_2 “uncontrollable worrying” is crucial for insomnia. In
a study examining anxiety–depression–insomnia, uncontrollable worrying was found to
be a predominant node [97], which supports prior findings on the significant association
between anxiety and insomnia [45,49,98]. Notably, a cross-sectional study has found that
the severity index of insomnia is a predictive factor in developing psychiatric symptoms
through extensive worrying and rumination [16].

Moreover, GAD_1, “feeling anxious”, and GAD_5, “restlessness”, are essential for
internet gaming disorder. We found a direct link between IGDS_7 “deceiving family
members regarding the amount of gaming” and GAD_1, and a connection between the
IGDS_8, “use of games to escape or relieve negative moods”, and GAD_5 nodes. Both
GAD_1 and GAD_5 are essential for internet gaming disorder and are supported by the
literature as key symptoms of anxiety that are essential for other mental conditions [42].
Additionally, GAD_5 is a core psychomotor symptom of anxiety [95]. A systematic review
demonstrated that behavioral addiction, including gaming and gambling, was driven by
poor emotional regulation. These behavioral addictions were mediated by seeking an
escape from negative emotions [99]. Further, in adolescents, emotional regulation is directly
linked to the time spent on gaming [100], even though, in our sample, the risk of exhibiting
internet gaming disorder is minimal. This finding could be crucial for understanding
the factors correlated with gaming addiction and considering that video gamers promote
elevated levels of stress, loneliness, anxiety, depression, and alcohol use disorder [101].
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Most of the existing literature utilizes network analysis on the general population
using survey-based studies, which highlights the risk of developing a psychiatric disor-
der [42,43,46,48]. It has also been used for randomized controlled trial studies. For example,
a previous report examined the impact of cognitive behavioral therapy on symptoms of
insomnia and depression using network analysis. The study findings indicated a sequential
improvement in insomnia symptoms driven by cognitive behavioral therapy in depressed
individuals. These improvements started in the first week of treatment, with early morning
awakening symptoms depicted by the Insomnia Severity Index scale, and the improvement
in individuals’ dissatisfaction symptoms was reached by the fourth week of treatment [102].
Another translational aspect of employing network analysis in psychopathology is exam-
ining behavioral and biological connectivity. This clinical analysis has been utilized in a
study investigating the connectivity of peripartum depression and the biological mark-
ers of stress and reproduction. Item-level analysis indicated that dislike—estriol, fear—a
corticotropin-releasing hormone, cry—cortisol, and loneliness—cortisol were intercon-
nected in depressed pregnant Latina women [103]. Therefore, it is for future studies to
translate these findings by establishing a biochemical association, such as the cortisol serum
level, or by interview-based psychological assessment.

It is worth mentioning that previous studies examined the association between in-
somnia and anxiety. However, this is the first report to examine insomnia and anxiety in
an item-based analysis with respect to gaming addiction. This is also the first report to
examine this association in an internship sample population. One interesting finding was
the lesser prevalence of gaming addiction in our sample. Most importantly, our findings
indicated that “feeling anxious”, “restlessness”, and “uncontrollable worrying” are central
symptoms in this association. Therefore, a key implication is needed for studies translating
this knowledge via behavioral strategies to target these disturbances [104–106]. Another
intervention method is establishing a campus-based counseling program. A support group
consisting of experts and peer students would facilitate the student’s stress coping and
understanding of their feelings [107–109].

Our findings of the anxiety–insomnia–gaming network align with contemporary
studies that have identified Dysregulation of Mood, Energy, and Social Rhythms Syndrome
(DYMERS) [110,111]. The DYMER syndrome is clinically significant in the progression of
health conditions. For example, exposure to stress represents a risk factor for the bipolar
spectrum [112]. Further, DYMER is manifested by the dysregulation of behavioral, social,
and biological rhythms such as sleep, stress, diet, eating habits, and sociability [110,111,113].
These studies highlighted the research gaps in social and behavioral rhythmic domain
dysregulation.

Limitations of the study: While the study at hand is novel and significant, with
network analysis providing a comprehensive profiling of the study elements, it is crucial
to acknowledge the presence of certain limitations. The study design, for instance, is
cross-sectional. Although commonly used, this design limits the ability to establish a
causal interface between the study variables. Secondly, the sample was collected via
convenient snowball sampling. Random sampling could overcome sample and study bias
representation. Additionally, it is important to note that recall bias is a potential factor that
cannot be entirely ruled out. The influence of self and social desirability on participant
responses could impact the validity of the study’s findings.

Furthermore, anxiety and insomnia are highly comorbid and affected by physiological
and psychological health conditions, and we did not include any clinical variables within
the study. Finally, network analysis is promising, and emerging in the context of psychiatric
and psychological studies. Yet, studies examining the accuracy and stability of this analysis
framework are sparse [114]. Future studies should consider these limitations using a
prospective longitudinal cohort within a larger sample size.
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5. Conclusions

We found high rates of anxiety and insomnia, and an association between selected
symptoms of anxiety and insomnia. The Saudi lifestyle may contribute to these findings.
Low gaming addiction rates could be attributed to a lack of entertainment time and
increased risk awareness. Deliberation anxiety–insomnia–gaming network domains are
beneficial in identifying proper psychological and functional interventions. Given these
findings, an awareness of anxiety and insomnia risks should be emphasized.
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Abstract: Background: Insomnia significantly impairs healthcare worker (HCW) well-
being, particularly amid COVID-19 sequelae and shift work demands. We aimed to assess
the prevalence of insomnia among HCWs, identify those needing clinical intervention, ana-
lyze shift work as a potential risk factor, and explore associations with COVID-19 sequelae
and psychiatric comorbidities. Methods: A cross-sectional online survey was administered
at the University of Salamanca University Care Complex (CAUSA) from March 2023 to
January 2024. Validated scales (Insomnia Severity Index, Patient Health Questionnaire-4,
Generalized Anxiety Disorder Scale-2) were used to measure insomnia, depression, and
anxiety. Participants scoring ISI ≥ 7 were invited for Occupational Medicine follow-up.
Descriptive and inferential analyses were performed. Results: Overall, 1121 HCWs par-
ticipated (mean age 44.59 ± 11.78, 78.3% women). The mean ISI score was 10.5 ± 5.8
(subclinical insomnia), with 22.7% reporting moderate and 3% reporting severe insomnia.
Depression and anxiety affected 28.4% and 33% of respondents, respectively. Shift workers
had poorer sleep (mean ISI 11.3 ± 0.9 vs. 8.8 ± 0.3, p < 0.001). Individuals reporting
COVID-19 sequelae were 3.1 times more likely to have insomnia than those who did not
(mean ISI 13.89 ± 5.9 vs. 10.33 ± 5.7, p < 0.001). Over one-quarter reported at least the
monthly use of sleep or psychiatric medications. Conclusions: Insomnia remains prevalent
among HCWs, influenced by shift work, COVID-19 sequelae, and mental health factors.
Targeted, multidisciplinary interventions, e.g., workplace policy changes, mental health
programs, and shift schedule adjustments are urgently needed to safeguard well-being,
reduce burnout, and maintain quality patient care. Ensuring adequate sleep is central
to minimizing errors and preserving professional performance. Future studies should
investigate the impact of coordinated workplace strategies to effectively address insomnia.

Keywords: insomnia; mental health impact; shift work; occupational hazard; anxiety;
depression; COVID-19 sequelae; multidisciplinary intervention; quality of care; sleep disorders

J. Clin. Med. 2025, 14, 1663 https://doi.org/10.3390/jcm14051663
89



J. Clin. Med. 2025, 14, 1663

1. Introduction
Sleep disturbances such as insomnia, sleep apnea, and circadian rhythm disorders are

considered a public health epidemic [1]. They are common in healthcare workers (HCWs),
who frequently face clinical situations with a high emotional burden and can perpetuate
the high rates of associated burnout [2]. Insomnia can lead to significant morbidity and
exacerbate medical and psychiatric conditions. Moreover, poor sleep, whether in quantity
or quality, increases the risk of premature aging, obesity, and cardiovascular diseases [3,4].

Insomnia comprises daytime and nighttime symptoms that seriously affect quality
of life and well-being. It is characterized by difficulty falling asleep or by fatigue or
dysfunction during the day [4,5]. HCWs often exhibit a high prevalence of insomnia,
with aggravating factors such as shift work [6]. In addition, the coexistence of insomnia
and mental illness is common. In a systematic review and meta-analysis on the preva-
lence of depression, anxiety, and insomnia among HCWs during the COVID-19 pandemic
(n = 33,062) [7], the prevalence of insomnia was estimated at 38.9%. The authors also
found a pooled prevalence of anxiety and depression of 23.2% and 22.8%, respectively. As
shown by studies performed on HCWs worldwide, including Spain, this scenario was
aggravated after the pandemic [8–16] and requires specific measures to prevent it from
becoming chronic.

This study is part of a more ambitious study. Because worrying levels of sleep prob-
lems were detected among the working population of the University of Salamanca Health
Care Complex (known by its Spanish acronym CAUSA), it was decided to extend this
screening to the whole workforce of the hospital. So, the aim was to first detect the work-
ers affected by sleep problems and who wanted specific treatment. Subsequently, and
with the people detected, these data would be provided to the occupational medicine
unit, so that they could offer them group treatment and continue to evaluate them. Occu-
pational medicine would then refer the HCWs who were particularly affected and who
wanted it to the mental health unit for specialized treatment using both psychological and
pharmacological therapy.

In view of these data, the Services of Psychiatry and Occupational Health of CAUSA
carried out a study on the sleep disturbances experienced by the HCWs of this center after
the COVID-19 pandemic. The objectives were as follows: (1) to evaluate the prevalence of
insomnia among HCWs; (2) to identify individuals with insomnia who could be referred
to the Occupational Medicine Service to undergo interventions to improve sleep quality;
(3) to characterize the job profiles most affected by insomnia; (4) to analyze the relationship
between sleep problems and the consequences of COVID-19; (5) to evaluate psychiatric
comorbidities and their pharmacological treatment; and (6) to evaluate the presence of
depression and anxiety.

2. Materials and Methods
A cross-sectional study was carried out through a survey completed by HCWs of

CAUSA. An online questionnaire was designed (see Appendix S1) and made available via
the CAUSA intranet. The HCWs were invited to participate in the study through posters on
the walls (see the Supplementary Files) and advertisements on the institution’s website, and
emails were sent to all HCWs from Human Resources, inviting them to participate in the
survey. Participants completed the questionnaire between 7 March 2023 and 5 January 2024.

The questionnaire consisted of 70 questions grouped into 8 blocks and had an esti-
mated response time of 15 min. It included 11 sociodemographic questions referring to
the job position, 22 about protective or risk factors for sleep quality and the consequences
of poor sleep quality, and 10 about the consumption of related medications/substances.
As for the work modalities, 2 types of shifts were considered, namely shifts of 7-7-10 h
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(morning 8:00 am–3:00 pm, afternoon 3:00 pm–10:00 pm, and night 10:00 pm–8:00 am) and
shifts of 12 h.

Sleep quality and its consequences were assessed using three validated scales with
good psychometric properties (Table 1). The Insomnia Severity Index (ISI) [17–19] was
used to evaluate sleep quality. The scale has a total score range of 0–28, where 0–7 indicates
the absence of clinical insomnia, 8–14 indicates subclinical insomnia, 15–21 indicates
moderate clinical insomnia, and 22–28 indicates severe clinical insomnia. The Patient
Health Questionnaire-4 (PHQ-4) [20,21] is a self-administrated tool used for evaluating
mental health in the population. It consists of the PHQ-2 [22,23], a shortened version of the
PHQ-9 [24] for depression, and the GAD-2 [25], derived from the GAD-7 [26] for anxiety.
By combining these two components, the PHQ-4 provides a concise four-item measure that
assesses both depression and anxiety.

Table 1. Scales included in the questionnaire.

Scale Parameters Psychometric Properties

Insomnia Severity Index
(ISI) [8,17–19]

Impact on quality
of life

α = 0.82.
Correlation: 0.35 for insomnia; 0.56
for impact of insomnia; 0.50 for
dissatisfaction with sleep.

Patient Health
Questionnaire
(PHQ-4) [20,21,27]

Depression and
anxiety

α > 0.8; r = 0.2 with Study
Short Form-20.

Patient Health
Questionnaire
(PHQ-2) [22,23,26]

Major depressive
disorder

The optimal PHQ-2 cut-off score
was 3, achieved with a sensitivity of
74.6% and specificity of 93.9%.
Area under the curve:
0.92 (CI 0.91–0.93).

Generalized Anxiety
Disorder Scale-2
Questionnaire
(GAD-2) [26]

Generalized
anxiety disorder

Both the GAD-7 scale and its 2 core
items (GAD-2) performed well
(area under the curve, 0.80 to 0.91)
as screening tools for
anxiety disorders.

At the end of the questionnaire, an option was enabled for participants with scores
greater than 7 points on the ISI (corresponding to at least subclinical insomnia) to provide
an email address or telephone number so that the Occupational Medicine Service could
contact them to offer strategies for treating sleep problems. Although anonymity was
broken, this circumstance was recorded in the protocol.

Participants were asked whether they had received a formal diagnosis of any pathol-
ogy from a qualified healthcare professional.

In this study, missing data were handled by excluding participants from specific
analyses if they lacked data on the variable(s) of interest. Consequently, the sample size
differs across analyses. Prior to conducting the main analyses, we performed preliminary
checks for patterns in missing responses; no systematic or non-random patterns were
detected, suggesting that the missing data mechanism did not introduce bias in the results.

A descriptive analysis of the data was performed. Frequencies, percentages, means
with their standard deviation (SD), and Mann–Whitney U, Kruskal–Wallis K, Spearman
rho, and Chi-Square tests were used. A confidence level of 5% was established. Data were
analyzed using SPSS, Version 28.0 [28].

This study was performed in accordance with the Declaration of Helsinki on medical
research in human beings in its latest version and with the applicable regulations on Good
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Clinical Practice. The confidentiality of the participants’ personal data was preserved in
accordance with Organic Law 3/2018, of December 5, on the Protection of Personal Data
and guarantee of digital rights. Informed consent was obtained from each participant.
This study was approved on 24 October 2022 by the local bioethics committee of CAUSA
together with the Ethics Committee for Drug Research of the Salamanca Health Area (code
PI 2002101152).

3. Results
3.1. Sample

A total of 1121 questionnaires were completed, representing around 30.6% of all HCWs
(see the calculation of the sample size in the supplementary files). In total, 61 percent of
the questionnaires were answered completely and 39% partially. The characteristics of the
study sample are described in Table 2.

Table 2. Characteristics of the study sample.

Characteristic Values IC95%

Age, years (mean ± SD) 44.59 ± 11.78

Sex (n, %)

Women 760 (78.3) 10.31–11.16

Men 211 (21.7) 8.81–10.57

Work modality (n, %)

Bachelor’s degree 700 (72.2)

Permanent contract 309 (31.9)

Temporary contract 191 (19.7)

Job category * (n, %)

A2 304 (31.4)

A1 198 (20.4)

C1-C2 195 (20.1)

Overtime in the previous month (n, %) 307 (31.6)

Extra hours paid 67 (21.8)

Shift work (n, %) 647 (57.7)

7-7-10 h schedule 542 (83.7) 10.84–11.83

12 h schedule 45 (6.9) 9.51–13.15

Both (in the last month) 59 (9.2) 9.26–12.6

Including nights 394 (51.4)

Rotating shift 364 (47.5)

Work during COVID-19 (n, %) 598 (78)

COVID-19 sequelae (n, %) 100 (13)
* A2: nurses, occupational therapists, nutrition graduates, and speech therapists; A1: graduate specialists; C1–C2:
senior technicians, auxiliary care technicians, and pharmacy technicians.
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Of the respondents, 26.4% (n = 297) filled out the telephone and/or email fields to be
contacted by the Occupational Medicine Service.

3.2. Sleep Characteristics

The mean score on the ISI scale (n = 915) was 10.51 ± 5.8, corresponding to subclinical
insomnia. Moderate clinical insomnia was present in 22.7% (n = 208) and severe clinical
insomnia in 3% (n = 27) (Figure 1). In a total of 24 (3.1%) participants, the characteristics of
a severe sleep disorder were detected.
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Figure 1. Pie chart of Insomnia Severity Index scores obtained of the sample during the study
(n = 915).

Poorer sleep quality was observed in women, who obtained an average ISI score of
10.74 ± 0.2 (compared to 9.69 ± 0.4 for men), although the differences were not statistically
significant (p = 0.325). ISI scores were positively correlated with age (correlation coefficient,
r = 0.086; p = 0.010).

3.3. Interaction Between Work and Sleep

Participants who worked shifts had poorer sleep quality than those on a continuous
schedule. Specifically, the 7-7-10 h shift group had a mean ISI of 11.3 ± 0.2 (p < 0.001
vs. continuous schedule), the 12-h shift group had 11.3 ± 0.9 (p = 0.016), and the group
working both shifts had 10.93 ± 0.8 (p = 0.012), whereas participants on a continuous
schedule had 8.8 ± 0.3 (Figure 2). The differences were significant between participants
who did not work shifts and those who worked 7-7-10h shifts (p < 0.001). However, no
significant differences were found between the rest of the groups.

Nine participants (1.2%) had missed work in the previous month owing to poor sleep
quality (n = 766).
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3.4. Interaction Between COVID-19 and Sleep

COVID-19 sequelae were reported by 13.0% (n = 100) of participants, and this was
a determining factor in poor sleep quality (p = 0.003). The odds ratio showed that the
probability of sleep disturbances was 3.1 times higher in participants with COVID-19
sequelae than in those without (mean ISI scores 13.89 ± 5.9 vs. 10.33 ± 5.7, respectively),
which was statistically significant (p < 0.001). No significant differences in the ISI scores
were found between those who worked or did not work during the first waves of the
COVID-19 pandemic (p = 0.209).

3.5. Psychiatric Comorbidities

Of those who completed the mental health questionnaires (n = 799), 28.4% (n = 226)
had major depressive disorder and 33% (n = 264) had generalized anxiety disorder.

Of these, 94 were currently undergoing psychological or psychiatric treatment. Con-
current cases of depression and generalized anxiety disorder were observed in 166 individ-
uals (20.8%).

Medication Consumption

Among the participants, 15.5% and 23.3% reported taking medications at least once
a month to treat depression/anxiety or to fall asleep, respectively. Of the latter, 27.6%
(n = 51) did so without a medical prescription; 8 participants reported using illegal drugs
(cannabinoids, n = 6; stimulants and depressants, n = 1; stimulants, depressants, and
cannabis, n = 1).

4. Discussion
This real-world study showed that sleep disorders, mainly insomnia, are highly

prevalent among HCWs (25.7% for severe and moderate insomnia) and that shift work
and the sequelae of COVID-19 may act as aggravating factors. Consequently, a significant
proportion of workers face sleep problems that can affect their work performance and
personal well-being. Remarkably, only 3.1% of the participants were currently diagnosed
with a sleep disorder, and more than 26% of the respondents agreed to be contacted by the
Occupational Medicine Service for assistance to solve their sleep problems.
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4.1. Interaction Between COVID-19 and Sleep

We confirm that the sleep of HCWs was particularly affected by the COVID-19 pan-
demic and that these individuals were exposed to more stressful circumstances than other
professionals. A systematic review and meta-analysis estimated the prevalence of insom-
nia symptoms in HCWs to be nearly 40% during the COVID-19 pandemic [7]. A 2021
meta-analysis of COVID-19-related stress and psychiatric symptoms in nurses (93 studies
encompassing 93,112 nurses) [29] showed that over one-third reported stress, sleep disor-
ders, and increased anxiety symptoms. The pooled prevalence of insomnia was 43% [29].
Furthermore, in a Spanish cohort of HCWs analyzed in April 2020 (n = 1422), over half
reported symptoms of post-traumatic stress and anxiety disorders, and nearly 50% had
experienced symptoms of depression, with women and younger individuals showing a
higher risk [30]. Being a woman and working 12 h or 24 h shifts were risk factors for
anxiety and depression. In our study, poorer sleep quality was observed in women and
older individuals, although the differences were not statistically significant.

The probability of insomnia was 3.1 times higher in HCWs with COVID-19 seque-
lae, this difference being significant. Major depressive and generalized anxiety disorders
were present in 28.4% and 33% of the samples, respectively, consistent with the frequently
reported coexistence of insomnia and anxiety/depression [31]. In Spain, a meta-analysis
of more than 82,000 individuals showed a pooled prevalence of anxiety symptoms and
depression of 20% and 22%, respectively, during the COVID-19 pandemic; that of insomnia
was 57% [32]. In another meta-analysis of studies comprising 271 Spanish HCWs, 33% of
those exposed to COVID-19 reported depressive symptoms, 42% reported anxiety symp-
toms, 40% reported acute stress, 42% reported insomnia, and 37% reported burnout [33].
At our hospital, the prevalence of psychiatric symptoms among HCWs was also specifi-
cally analyzed during the pandemic through self-report surveys conducted during both
waves [8]. Insomnia and anxiety were common (71.8% and 57.1%, respectively), although
the frequency of both decreased in the second survey.

4.2. Underdiagnoses

The mean score on the ISI scale of the population analyzed in the present study
corresponded to subclinical insomnia. Despite moderate and severe clinical insomnia being
present in more than 25% of the participants, in only 3.1% of the total population was the
trait of a sleep disorder detected. This frequency seems low considering the negative impact
of insomnia on productivity and cognitive functioning in the medical profession [4,34,35].
Self-perceived sleep disturbances should be the first step before seeking medical evaluation,
and barriers among HCWs for not doing so should be analyzed. Ideally, workplace-based
interventions promoting mental health should incorporate a multidisciplinary approach to
insomnia to detect it in early phases.

4.3. Interaction Between Work and Sleep

Of the 31.6% of the participants who worked overtime, less than 22% considered
that these extra hours were properly paid. Low professional recognition may be linked to
burnout and related symptoms [36]. A study carried out on 240 family doctors based at
70 health centers in Madrid revealed higher rates of insomnia and poorer sleep quality in
those with a higher degree of burnout (39.7% vs. 7.3%) [37]. This problem needs urgent
attention, as the daytime consequences of insomnia can also influence decision-making
and patient care. Lack of sleep decreases the ability to discern and reflect emotions, which
can reduce the clinician’s ability to show empathy and engagement [34,38,39]. In addition,
the incidence of errors tends to be higher among HCWs with poor mental health [40,41].
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Regarding the pharmacological strategies against insomnia, 23.3% of the participants
reported taking medications at least once a month to help them sleep, and more than a
quarter did so without a medical prescription. These percentages appear to be higher
than previously reported by Andrés-Olivera et al. [8] during the first two waves of the
pandemic at our hospital. Most individuals did not take benzodiazepines (68.9%; n = 42),
and no significant increase in substance use was found compared to pre-pandemic levels.
According to these data, substance use by HCWs may have been aggravated after the
COVID-19 pandemic. It should be noted that many of the conventional drugs used to treat
insomnia (benzodiazepines, non-benzodiazepine receptor agonists, melatonin receptor
agonists, and tricyclic antidepressants) present the potential for abuse and relevant adverse
effects [42,43]. In contrast, new therapeutic options, such as the dual orexin receptor
antagonists, have been shown to reduce excessive wakefulness and exert effects on daytime
functioning [5,43,44]. Therefore, it is important to tailor the treatment of insomnia based on
the socio-occupational circumstances of each individual to prevent any negative impact on
both personal and professional aspects [45].

According to our findings, working shifts can be an aggravating factor for insomnia,
as previously described [6,46,47]. Overtime and demanding work conditions with lengthy
shifts have been described as stressful circumstances that affect resilience and mental health
outcomes among HCWs [47], as well as physicians’ cognitive skills and performance [48].
Flexible scheduling could enhance the sleep of physicians who work night shifts, thereby
reducing their levels of fatigue and improving patient care.

Our study is subject to a series of limitations. First, the single-center design may pre-
vent the extrapolation of our findings to other centers. Moreover, studies based on surveys
may be affected by selection bias owing to the different motivations of the participants for
expressing their opinions. Due to the cross-sectional design, causal effects of shift work and
COVID-19 sequelae on insomnia cannot be asserted. Pre-existing mental health conditions
and workload variability may have acted as confounding variables. Additional limitations
may have been the potential recall bias in self-reported sleep assessments, the lack of
objective sleep measures (e.g., polysomnography, actigraphy), and the lack of longitudinal
data to assess causality. However, these results, which are from a large sample representing
a relevant part of our center’s HCWs, contribute to a field where real-world data in the
work setting are scarce. They could serve as a basis for future research on the effect of
strategies to manage insomnia on the work performance and daily functioning of HCWs.

5. Conclusions
Insomnia is common among HCWs and affects mental health and work performance.

It could be hypothesized that the sequelae of COVID-19 and shift work could trigger
or aggravate sleep disorders, exerting bidirectional effects with coexisting medical and
mental disorders.

Workplace-based interventions at the organizational level promoting mental health
and well-being among HCWs should incorporate a perspective on sleep problems and their
consequences. Successful management requires a multidisciplinary approach, whereby
specialists in neurology, psychiatry, psychology, and occupational health, among others,
work on the design of joint protocols that address insomnia. Large-scale studies are needed
to test multidisciplinary strategies in this setting. The physical and mental well-being
of these professionals is important not only at the personal level but also to ensure that
patients receive high-quality clinical care.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi/article/10.3390/jcm14051663/s1, Appendix S1: Sleep Screening Assessment Question-
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Abstract: Background/Objectives: The current study aims to investigate the rate and
the factors associated with mobile screen dependence as a coping mechanism among
women residing in Jordan and screened for stress, with a focus on demographics and
insomnia. Methods: This cross-sectional study with predefined inclusion criteria used
validated tools to assess stress, anxiety, and insomnia. Results: The data analyzed from
431 women showed that 265 (61.5%) were ≤25 years old, 352 (81.7%) received a university
education, and 201 (46.6%) were current students. In addition, 207 (48.0%) reported
a dependence on mobile screens for coping, 107 (24.8%) reported severe anxiety, and
180 (41.7%) reported severe insomnia. The multivariable regression analysis revealed that
mobile screen dependence—as a personal coping choice—was significantly associated with
“students” (OR = 1.75, 95% CI = 1.19–2.57, p = 0.004) and “severe insomnia” (OR = 1.07, 95%
CI = 1.07–2.32, p = 0.02). Conclusions: We report that a high rate of mobile dependence is
associated with students and insomnia. Prompt action should be taken to raise awareness
regarding the proper coping mechanisms in this population.

Keywords: Jordan; women; mental health; mobile screens
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1. Introduction
Screen addiction is a cognitive behavior addiction characterized by excessive phone

use and dependence. According to the official website of the Department of Statistics in
Jordan, the population of the Hashemite kingdom was estimated to be 11,516,000 at the
end of 2023, with females comprising 47.1% of the total. Additionally, Jordan is a youthful
country, with one-fifth of its population falling within the youth category, specifically in the
age group of 15–24 years, according to a recent report on population estimates prepared by
the Department of Statistics in Jordan. In this context, the UNICEF Jordan official website
indicates that 63% of Jordan’s population is under the age of 30 [1].

In this technologized era, youths depend on screens—whether smartphones, tablets,
or televisions—daily for various purposes, including entertainment, study, and work. The
improper excessive use of screens can result in various physical, mental, and psychologi-
cal/behavioral concerns, including sleep disorders, eye problems, neck and back problems,
anxiety, and depression, among many others [2–4].

Screens can also serve as a coping mechanism to avoid or manage stressful situations,
particularly given the vast amount of news distributed through various social media
platforms. Although Jordan has been a safe zone amid armed conflicts for more than a
decade, news reports continue to contribute to stress, anxiety, and insomnia among people
in the region, including those in Jordan [4,5].

Insomnia is a common sleep disorder characterized by poor sleep quality, latency
sleep, and frequent awakening. Insomnia is tightly related to stress, anxiety, and other
mental health disorders. Women are more likely to report insomnia [6]. Insomnia and
mobile screen dependence are closely related. Evidence from cross-sectional studies in
Jordan suggests a bi-directional relationship between them [7].

Women are more vulnerable to experiencing mental health disturbances due to many
physiological and environmental stressors, especially in developing countries. This includes
hormonal changes, the duties of daily life, and responsibilities including work, study,
household work, and others [8]. For example, evidence shows that insomnia and its related
problems are higher in women compared to men [6].

Long-term psychological stress is tightly related to mental and behavioral impair-
ments that affect the daily functioning of individuals, especially women [9]. For instance,
stress is associated with several somatic immune-related diseases, depression, anxiety, and
insomnia [10,11].

Although several investigations have been published about smartphone overuse and
mobile screen dependence, to our knowledge, no previous studies have been completely
dedicated to investigating this behavior among women screened for stress in Jordan.

The current study aimed to investigate the rate and factors associated with mobile
screen dependence as a coping mechanism among women screened for stress in Jordan,
with a focus on demographics and insomnia.

2. Materials and Methods
2.1. Study Design and Settings

The present study followed a cross-sectional design and recruited a sample of Jorda-
nian women according to predefined inclusion criteria through social media platforms
related to Yarmouk University. The researchers uploaded the study tool on a Google Form
and applied the snowball sampling technique. The objective and steps of the study were
all explained to the potential participants before they chose to enroll and approved the
consent form. The study obtained approval from Yarmouk University’s IRB committee
(number 479). All participants signed an online consent form before enrolling in the study.
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2.2. Inclusion Criteria

Females aged 18 years old, residing in Jordan, willing to participate, and screened
for significant stress using the Perceived Stress Scale (PSS) were included. In brief, the
Arabic version of the Perceived Stress Scale, originally developed by Cohen [12], was
used. It comprises 14 items designed to measure individual stress over the past month,
with a cut-off score of ≥15 reflecting clinically significant stress, as supported by previous
research [13].

2.3. Exclusion Criteria

Women with a stress score of less than 15 and presenting incomplete or missing data
were excluded.

2.4. Study Instrument

The study instrument consisted of three distinct sections: demographics, insomnia,
and anxiety. The demographics section included structured questions about the participants’
age, marital status, education, employment, and smoking status. This section also included
the outcome variable ‘mobile dependence’, through a question identifying stress coping
options. The question was formulated as follows: ‘To relieve stress, I depend on “my
mobile” or other choices such as sports, eating, and others’. Participants were free to select
one or more options.

2.5. Anxiety

The severity of anxiety in the sample was assessed using the validated and reliable
Arabic version of the General Anxiety Disorder-7 (GAD-7). This self-administered scale
consists of 7 questions that assess symptoms of anxiety over the past fourteen days. The
scale has a sensitivity of 89% and a specificity of 82% for diagnosing generalized anxiety
disorder. For example, questions include ‘Feeling nervous, anxious, or on edge?’, ‘Worrying
too much about different things?’, ‘Feeling afraid, as if something awful might happen?’,
with response options ‘not at all = 0’ to ‘nearly every day = 3’. Respondents with a score of
≥15 were classified as having severe anxiety symptoms [14,15].

2.6. Insomnia

The severity of insomnia was assessed using the translated, validated, and reliable
(Cronbach alpha = 0.81) Insomnia Severity Index–Arabic (ISI-A). The ISI-A assesses in-
somnia severity and its impact on daily life activities over the past 14 days. It consists of
seven questions and generates a maximum score of 28. For example, questions include the
following: ‘difficulty falling asleep?’, ‘difficulty staying asleep?’, and ‘problems walking up
too early?’, with answers ranging from ‘none = 0’, to ‘very = 4”. Participants scoring 15 or
above are considered to have severe insomnia [16,17].

2.7. Data Analysis

The data presented were categorical and were therefore summarized as frequencies
and percentages, as shown in Table 1. To identify which independent variables were
associated with mobile screen dependence (dependent variable), a preparatory univariate
analysis was conducted (Table 2), followed by a multivariable binary regression analysis,
where only significant variables (p < 0.05) were retained in the final model. Data were
analyzed using SPSS software version 21. The confidence interval was set at 95%, and the
significance level was set at p < 0.05.
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Table 1. Study sample characteristics (n = 431).

Factor Category N (%)

Age (Years)
≤25 265 (61.5)

>25 166 (38.5)

Marital status

Single 267 (61.9)

Married 147 (34.1)

Divorced 13 (3.0)

Widow 4 (0.9)

Education level

Primary school 2 (0.5)

Secondary school 33 (7.7)

University 352 (81.7)

Postgraduate study 44 (10.2)

Employment status

Does not work 111 (25.8)

Student 201 (46.6)

Work 105 (24.4)

Retired 14 (3.2)

Smoking status

Non-smoker 352 (81.7)

Smoker 79 (18.3)

Use E-cigarette 22 (5.1)

Use Shisha 56 (13.0)

Negative smoker 51 (11.8)

Having chronic diseases
Yes 54 (12.5)

No 377 (87.5)

Screen dependent
Yes 207 (48.0)

No 224 (52.0)

Severe Insomnia 180 (41.7)

Severe Anxiety 107 (24.8)

Table 2. Univariate analysis of risk factors associated with mobile screen dependence (N = 431).

Use Screen (N = 207)
N (%)

Do Not Use Screens (N = 224)
N (%) p-Value

Age
0.004 *≤25 142 (68.6) 123 (54.9)

>25 65 (31.4) 101 (45.1)

Marital status

0.040 *
Single 140 (67.6) 127 (56.7)
Married 61 (29.5) 86 (38.4)
Widow 0 (0.0) 4 (1.8)
Divorced 6 (2.9) 7 (3.1)
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Table 2. Cont.

Use Screen (N = 207)
N (%)

Do Not Use Screens (N = 224)
N (%) p-Value

Employment status

0.004 *
Work 42 (20.3) 69 (30.8)
Does not work 50 (24.2) 55 (24.6)
Student 112 (54.1) 89 (39.7)
Retired 3 (1.4) 11 (4.9)

Educational level

0.356
Primary 1 (0.4) 2 (0.4)
Secondary 12 (5.5) 21 (9.4)
University level 176 (85.0) 176 (78.6)
Postgraduate study 18 (8.7) 26 (11.6)

Living Place
0.797Inside Amman 26 (12.6) 30 (13.4)

Outside Amman 181 (87.4) 194 (86.6)

Smoking
0.446Not smoker 166 (80.2) 186 (83.0)

Smoker 41 (19.8) 38 (17.0)

Having chronic
diseases

0.236Yes 30 (14.5) 24 (10.7)
No 177 (85.5) 200 (89.3)

Having severe
insomnia

0.014 *Yes 99 (47.8) 81 (36.2)
No 108 (52.2) 143 (63.8)

Having anxiety
0.211Yes 57 (27.5) 50 (22.3)

No 150 (72.5) 174 (77.7)
* p-value < 0.05.

3. Results
3.1. Study Sample Characteristics

The total number of responders was 612. After applying the inclusion criteria, the
number was reduced to 431. The results showed that 265 (61.5%) were ≤25 years old,
267 (61.9%) were single, 352 (81.7%) received a university education, 201 (46.6%) were
students, 352 (81.7%) identified themselves as non-smokers, and 377 (87.5) reported no long-
term health conditions. In addition, 207 (48.0%) reported depending on mobile screens for
coping, while 107 (24.8%) reported severe anxiety and 180 (41.7%) reported severe insomnia
(Table 1).

3.2. Risk Factors Associated with Mobile Screen Dependence

The preparatory univariate regression analysis (Table 2) revealed the following in-
dependent variables as potential confounders: ‘age’, ‘marital status’, ‘employment’, and
‘insomnia’.

These variables were used to create the multivariable binary regression model, as
shown in Table 3, which revealed that the dependent variable ‘mobile screens dependence’
was significantly associated with ‘students’ (OR = 1.75, 95% CI= 1.19–2.57, p = 0.004) and
‘severe insomnia’ (OR= 1.07, 95% CI = 1.07–2.32, p = 0.02).
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Table 3. Binary logistic regression analysis of risk factors associated with mobile screen dependence.

Independent Variable B SE Odds
Ratio 95% CI p-Value

Being a student 0.558 0.197 1.748 1.19–2.57 0.004 *
Having severe insomnia 0.453 0.199 1.572 1.07–2.32 0.023 *

* p-value < 0.05. B, regression coefficient; SE, standard error associated with the coefficient B; CI,
confidence interval.

4. Discussion
The current study aimed to investigate the rate and risk factors associated with mobile

screen dependence as a coping mechanism among Jordanian women screened for stress.
According to our results, almost half of the women reported choosing mobile screens
as their primary coping mechanism to relieve stress and anxiety. Additionally, mobile
screen dependence among women was significantly associated with being a student and
experiencing severe insomnia. To our knowledge, this is the first study to highlight the
risk factors associated with mobile screen dependence among women residing in Jordan.
Despite the importance of women’s well-being, this topic remains relatively overlooked in
many settings.

The study revealed significant correlations between having a dependence on mobile
devices and specific variables, such as being a student and having acute insomnia. Students
were 1.75 times more likely than non-students to be dependent on mobile screens. This
finding is supported by the literature; according to Liu et al., 52.8% of medical students
were found to be addicted to smartphones [18]. Another study on smartphone addiction
among undergraduates found that 49% of respondents used their phones for at least five
hours daily [19]. A recent review explored the reasons for mobile screen addiction among
students. In contemporary student life, smartphones serve as platforms for communi-
cation and entertainment, in addition to being academic tools. The younger generation
extensively uses smartphones for social networking, studying, entertainment, and internet
browsing [20].

The use of smartphones as an essential tool is increasing in people’s daily lives. These
devices allow people to access information, interact with friends, and manage daily tasks
with ease and convenience. Smartphones offer numerous advantages as multi-purpose
tools for communication, education, entertainment, and achieving business goals. Despite
these advantages and the strong reliance on these devices, increased daily use poses several
potential future risks [21].

Some of these risks may affect long-term cognitive functioning, which may hinder
students’ ability to maintain focus and engage in deep learning processes. According to
a study by Ophir et al. (2009) [22], habitual multitasking—often driven by smartphone
technology—can lead to a loss of cognitive control and reduce task management effective-
ness. In an increasingly complex and demanding world, these consequences may make
hinder children’s academic and professional success [23].

The decline in interpersonal communication skills is another potential risk. The
instant communication made possible by smartphones has reduced personal encounters,
weakening social ties and emotional intelligence. Furthermore, increased screen use has
been linked to decreased psychological well-being, as shown by longitudinal research such
as that conducted by Twenge and Campbell (2018) [21]. This raises questions about the state
of students’ mental health in a world where digital settings are prevalent. In this context,
Livingstone and Smith (2014) pointed out that the misuse of smartphone technology—
such as cyberbullying or exposure to harmful content—can have lasting psychological
effects [23].
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People often check their smartphones in the evening, even during long and stressful
work days. However, this behavior can disrupt sleeping habits and patterns, as individuals
forgets the time while scrolling through social media pages. In addition, the blue light
emitted by smart devices negatively affects the brain’s daily rhythm, tricking it into thinking
that it is still early, which can lead to insomnia over time [24].

The continuous use of these devices may harm the eyes and weaken vision. It can
also harm the neck and spine. Digital screens emit blue light, which harms eye health and
vision. The deterioration of the psychological state of many individuals is accompanied by
anxiety or tension as they spend more hours on smartphones, further increasing the risks
resulting from this use.

The study also finds a strong correlation between mobile screen dependence and
severe insomnia. The likelihood of relying on mobile screens was shown to be higher
among those with severe insomnia. These findings align with several previous studies.
For example, one study using data from a national health survey of college and university
students in Norway found a significant negative correlation between sleep and screen use.
These results suggest that students’ screen time significantly impacts both the duration
and quality of their sleep. The findings also show a significant correlation between social
media addiction and increased rates of sleeplessness [25]. Additionally, several studies
have proven that university students who rely heavily on their phones are more likely
to experience a poor sleep quality [26,27]. One explanation for this relationship is that
exposure to the blue light emitted by screens disturbs sleeping patterns by interfering with
melatonin production and circadian rhythms [28].

Moreover, mobile screens can be used by individuals with insomnia as a coping
mechanism or to pass time, which exacerbates sleep disturbance [29]. Social media and
entertainment content on mobile devices can overstimulate the mind, making it difficult to
relax and obtain restful sleep [30]. Thus, being a student with insomnia creates a vicious
circle in which an excessive reliance on mobile screens both causes and results in sleep
disturbances. To mitigate the detrimental effects of insomnia and mobile screen dependence,
it is crucial to address screen time habits and promote improved sleep hygiene, particularly
among students.

This work tackles a new and pressing topic regarding women’s mental health and
mobile screen dependence during times of armed conflict in the Middle East. The current
work provides several strengths, such as the type of the sample and the geographical
location (adjacent to zones of armed conflicts). In addition, the current work used a
representative sample size, validated measurement tools, and robust data analysis. On
the other hand, the cross-sectional design of the study limits our ability to establish causal
relationships between variables. Additionally, the self-administered quantitative approach
limited accurate diagnosis or qualitative investigation. Another limitation was the lack
of information about the content accessed through mobile screens by the respondents.
These limitations will be taken into consideration for future research, which will focus
on the causes of stress in this population segment, i.e., young women residing in Jordan.
This could include further in-depth qualitative studies to unravel any unseen causes of
this disabling phenomenon and larger-scale quantitative studies conducted across several
geographical locations. Additionally, future studies should address insomnia among
women in Jordan. This could involve awareness sessions in universities that highlight
the importance of high-quality sleep and the need to consult health care professionals to
adequately manage this issue.
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5. Conclusions
In conclusion, mobile dependency was found to be prevalent among Jordanian women,

and was primarily associated with university students and insomnia. The rationale and
the beneficial use of technology must be promoted in Jordan to enhance mental health
and improve the overall well-being of women during times of stress. The findings of
this research pave the way for further qualitative and quantitative studies dedicated to
unravelling the causes of stress and related issues, such as insomnia, in this young and
fragile population that relies heavily on technology.
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Abstract: Objective: We aim to determine the association between insomnia symptoms
and mental health in females and males and compare mental health care utilization and
perceived barriers between females and males with insomnia symptoms. Methods: This is
a cross-sectional study using the National Health Interview Survey. Insomnia symptoms
included self-reported “trouble falling asleep”, ‘trouble staying asleep”, and “waking up
feeling not well rested”. Mental health included self-reported anxiety and depression.
Multivariable logistic regression was used to assess the association between insomnia
symptoms and mental health in females and males. Results: A total of 26,691 adults
were included. The mean age was 48.2 years; 51.4% were females, and 48.6% were males.
Insomnia symptoms were associated with anxiety and depression for both females and
males. These associations were stronger in younger adults (<50 years) than older adults
(≥50 years). Females with insomnia symptoms were more likely to receive mental health
care (OR = 1.7; 95% CI = 1.53, 1.87) but also to delay mental health care because of its cost
(OR = 1.96; 95% CI: 1.67, 2.30) or needed mental health care but did not get it because of the
cost (OR = 2.14; 95% CI: 1.82, 2.50) than their males counterpart. Conclusions: Insomnia
symptoms were associated with mental health in females and males, being stronger in
younger adults than older adults, with gender differences in mental health care utilization
and financial barriers to mental health care. Holistic approaches involving prevention and
better access to mental health care are warranted.

Keywords: insomnia symptoms; mental health; mental health care; anxiety; depression;
females; males; health disparities

1. Introduction
The growing prevalence of mental health disorders that affect individuals’ physical

and social well-being makes mental health a public health issue in the United States. It
is estimated that more than one in five U.S. adults live with a mental illness (59.3 million
in 2022; 23.1% of the U.S. adult population) [1]. Anxiety and depression are the most
common mental health disorders in the U.S. During 2022, about one in five adults age 18
and older experienced any symptoms of anxiety (18.2%) or depression (21.4%) in the past
two weeks [2]. Despite the burden of mental health, access to mental health care remains
a challenge, with only 47% of adults with mental illness receiving treatment [1]. Cost is
the most common barrier, with over 60% of adults citing it as a reason for not seeking care.
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A lack of insurance, stigma, and lack of access to health care providers are also significant
barriers [3,4].

Insomnia is an experience associated with persistent difficulty initiating sleep, diffi-
culty maintaining sleep, or waking up too early, despite adequate opportunity to sleep [5,6].
About 10% of the adult population experiences chronic insomnia, and 30% experience short-
term insomnia [7]. Insomnia and sleep disorders in general constitute significant public
health challenges, resulting in high health care costs while reducing work productivity.

The relationship between mental health and insomnia is complex; mental health is
commonly associated with insomnia and vice versa [8]. The human body is designed to re-
quire a regular pattern for sleep, a necessary biological function to ensure healthy cognition,
emotional, mental, and social well-being [5]. Insomnia disrupts this biological function
and may stand as an isolated disorder, a co-occurring condition with a mental disorder,
or a consequence of a mental disorder [9]. Previous longitudinal studies have reported
a correlation between insomnia and depression [10,11]. A meta-analysis of longitudinal
studies reported that insomnia was associated with a 3-fold increased risk of presenting
anxiety disorder (pooled OR: 3.23; CI 1.52–6.85) [12]. In another meta-analysis of longitudi-
nal studies, insomnia symptoms were independently associated with depression (pooled
RR: 2.27; 95% CI: 1.89–2.71) [13]. The experience of insomnia could trigger depressive
symptoms where they were previously absent.

While sex differences in insomnia patterns, on one hand, and mental health disorders,
on the other hand, have been separately reported, few studies have investigated whether
the association between insomnia and mental health differs by sex [14–17]. Differences
between females and males were reported in the prevalence and incidence of sleep disor-
ders and mental health. Females are more likely to report insomnia symptoms, receive a
diagnosis of insomnia, and are more frequently diagnosed with mental health disorders
such as anxiety and depression than males [14–17]. Suggested reasons include biological,
hormonal, psychosocial, and socioeconomic factors. For example, sex hormones exert a
significant influence on circadian rhythms and sleep, with estrogen, testosterone, and pro-
gesterone all playing a role in regulating sleep–wake cycles, mood, and other physiological
processes [18]. It is, however, unclear if the association between insomnia symptoms and
mental health differs by sex. We hypothesized that those differences would be reflected in
the association between insomnia symptoms and mental health and, thus, require separate
investigation. Targeted interventions may contribute to addressing the complex yet in-
creasing mental health burden. Furthermore, males and females with insomnia symptoms
may face different barriers to accessing mental health care. Using cross-sectional data
representative of the U.S. adult population, this study aimed to address four objectives.
First, we examined the association between insomnia symptoms and mental health in
females and males. Second, we explored the moderating role of race and ethnicity, place
of residence, and age. Third, we compared mental health care utilization and perceived
barriers between females and males with insomnia symptoms. Fourth, we investigated
potential moderation and mediation by place of residence and insurance coverage.

2. Materials and Methods
2.1. Data Source and Study Design

This cross-sectional study used publicly available and de-identified data from the
2022 National Health Interview Survey (NHIS) [19]. NHIS is an annual household survey
representative of the civilian noninstitutionalized population in the United States conducted
by the National Center for Health Statistics (NCHS) of the Centers for Disease Control
and Prevention (CDC). To that end, the NHIS uses a complex sample design involving
stratification and clustering. The main objective of the NHIS is to monitor the health of the
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United States population through the collection and analysis of data on a broad range of
health topics.

The survey is conducted continuously throughout the year. Interviews are conducted
in respondents’ homes and/or over the telephone. Informed consent is obtained from the
participants. Information about the Sample Adult is self-reported, unless physically or
mentally unable to do so, then a knowledgeable proxy answers for the Sample Adult. This
study used data from the Sample Adults (age ≥ 18 years). In 2022, there were 27,651 Sample
Adult interviews. The 2022 survey included, in the Sample Adult, items related to sleep
and mental health assessment for depression and anxiety. As these items were rotating and
not included in all surveys, the 2022 survey was appropriate for this research question.

2.2. Insomnia Symptoms

Participants were asked “during the past 30 days, how often did you wake up feeling
well-rested?”; “how often did you have trouble falling asleep?”; and “how often did you
have trouble staying asleep?”. The response options were “never”, “some days”, “most
days”, “every day”, “refused”, and “don’t know”. Those who endorsed “never” received a
score of 0, “some days” a score of 1, “most days” a score of 2, and “every day” a score of 3.
Missing values were assigned to “refused” and “don’t know”. Reverse coding was used
for the question related to “wake up feeling well-rested”. The total insomnia score ranges
from 0 to 9 with higher scores indicating severe insomnia symptoms.

2.3. Mental Health

Dichotomous variables were created for mental health diagnosis based on the answers
to questions related to anxiety (Have you ever been told by a doctor or other health
professional that you had any type of anxiety disorder?) and depression (Have you ever
been told by a doctor or other health professional that you had any type of depression?).
Similarly, mental health care utilization and perceived barriers were based on the following
questions: “during the past 12 months, did you receive counseling or therapy from a
mental health professional such as a psychiatrist, psychologist, psychiatric nurse, or clinical
social worker?”, “have you delayed getting counseling or therapy from a mental health
professional because of the cost?”, and “was there any time when you needed counseling
or therapy from a mental health professional but did not get it because of the cost?”.

2.4. Covariates

Based on the literature review and the available data, the covariates included age,
sex (male or female), race and ethnicity (Hispanic, Non-Hispanic Asian, Non-Hispanic
Black, Non-Hispanic White, and Other), education level (less than high school, high school
graduate, some college, associate, bachelor, and graduate degree), marital status (married,
in couple, or neither), ratio of family income to poverty threshold, smoking (current, former,
or never), alcohol consumption (current, former, or abstainer), physical activity (inactive,
insufficiently active, or sufficiently active), body mass index (underweight, normal weight,
overweight, or obese), diabetes (yes or no), hypertension (yes or no), heart disease (yes or
no), stroke (yes or no), cancer (yes or no), and sleeping pill utilization.

2.5. Statistical Analysis

Descriptive statistics were used to summarize the participants’ characteristics by
insomnia symptom scores. Correlations between categorical variables were assessed
using the phi coefficient. Multicollinearity was tested using the variance inflation factor.
Logistic regressions were developed to assess the association between insomnia symptoms
and anxiety, as well as the association between insomnia symptoms and depression in
males and females in the study population. In addition, logistic regression models were
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developed to compare mental health care utilization and perceived barriers in males and
females with insomnia symptoms. This analysis was restricted to those with insomnia
symptoms, as they are the ones most likely to seek health care. Moderation was assessed
by adding a multiplicative interaction term in the model. Mediation was assessed using
the counterfactual framework, which decomposed the total effect into natural indirect and
direct effects [20]. The mediated proportion was computed as the natural indirect effect
divided by the total effect, and the 95% CI was estimated by repeating 1000 bootstrapped
samples. The models were adjusted for the covariates listed above. The model fit was
checked using the Hosmer–Lemeshow goodness-of-fit test. Further analysis was conducted
for individual insomnia symptoms by categorizing each insomnia symptom into two
groups. All statistical analyses were performed in SAS® 9.4 software with an alpha level
set at 0.05 (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Description of Study Participants

A total of 26,691 adults who responded to the insomnia questions were included in
the present analysis. The mean age was 48.2 years (95% CI: 47.9, 48.5), 51.4% were females
and 48.6% were males (Table 1). Insomnia symptom scores were higher in females, Non-
Hispanic Whites, those with a low income, smokers, those who were physically inactive,
those with a high BMI, and with any comorbidity such as diabetes, hypertension, heart
disease, stroke, and cancer.

Table 1. Baseline characteristics by insomnia symptom scores.

Insomnia Symptom Scores

Characteristics
0
n (Weighted%) a:
2944 (11.1)

1–4
n (Weighted%) a:
18,898 (71.1)

5–9
n (Weighted%) a:
4849 (17.8)

Total
n (Weighted%) a:
26,691 (100)

Age (in Years)
Mean (95% CI) 51.6 (50.6, 52.5) 47.7 (47.3, 48.0) 48.4 (47.8, 49.1) 48.2 (47.9, 48.5)

Sex
Female 1389 (42.8) 10,110 (50.2) 3052 (61.4) 14,551 (51.4)
Male 1554 (57.2) 8787 (49.8) 1796 (38.6) 12,137 (48.6)

Race and ethnicity
Hispanic 626 (26.6) 2575 (13.3) 589 (14.5) 3790 (17.1)
Non-Hispanic Asian 297 (10.5) 1161 (6.1) 150 (3.0) 1608 (6.0)
Non-Hispanic Black 409 (13.9) 2056 (11.6) 452 (10.2) 2917 (11.6)
Non-Hispanic Other b 71 (2.8) 433 (2.5) 158 (3.8) 662 (2.8)
Non-Hispanic White 1541 (46.2) 12,673 (63.4) 3500 (68.8) 17,714 (62.5)

Education
Less than high school 420 (18.2) 1376 (9.4) 446 (10.8) 2242 (10.6)
HS graduate/GED 880 (31.7) 4502 (25.7) 1308 (29.4) 6690 (27.0)
Some college 395 (14.3) 2713 (15.9) 855 (19.0) 3963 (16.3)
Associate 343 (11.7) 2500 (13.3) 679 (14.0) 3522 (13.2)
Bachelor 530 (15.1) 4641 (22.0) 949 (17.1) 6120 (20.3)
Graduate degree 356 (9.1) 3084 (13.8) 583 (9.7) 4023 (12.6)

Ratio family income to
poverty threshold c

<1 (below poverty level) 368 (12.4) 1582 (8.3) 692 (12.7) 2780 (9.5)
1 604 (21.7) 3055 (16.4) 993 (20.4) 4839 (17.7)
2 488 (117.3) 2793 (15.1) 872 (19.5) 4313 (16.1)
3 403 (114.1) 2538 (12.9) 609 (12.7) 3680 (13.0)
4 292 (9.4) 2221 (12.0) 469 (9.8) 3071 (11.3)
≥5 789 (25.0) 6709 (35.3) 1214 (24.9) 8968 (32.3)
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Table 1. Cont.

Insomnia Symptom Scores

Characteristics
0
n (Weighted%) a:
2944 (11.1)

1–4
n (Weighted%) a:
18,898 (71.1)

5–9
n (Weighted%) a:
4849 (17.8)

Total
n (Weighted%) a:
26,691 (100)

Marital status
Married 1407 (53.6) 8918 (52.7) 1920 (45.9) 12,245 (51.6)
In couple 144 (6.8) 1243 (8.8) 371 (10.5) 1758 (8.9)
Neither 1346 (39.6) 8528 (38.4) 2503 (43.6) 12,377 (39.5)

Smoking status
Current 314 (10.7) 1924 (10.1) 855 (17.6) 3093 (11.5)
Former 698 (21.4) 4563 (21.4) 1420 (27.0) 6681 (22.4)
Never 1928 (67.8) 12,378 (68.5) 2566 (55.4) 16,872 (66.1)

Alcohol consumption
Abstainer 652 (24.5) 2102 (12.9) 385 (8.8) 3139 (13.4)
Former 643 (20.5) 3327 (15.7) 1115 (21.1) 5085 (17.2)
Current 1637 (55.0) 13,386 (71.4) 3332 (70.1) 18,355 (69.4)

Physical activity
Inactive 859 (30.2) 4657 (24.4) 1781 (36.2) 7297 (27.2)
Insufficiently active 654 (21.9) 4939 (26.1) 1237 (25.6) 6830 (25.5)
Sufficiently active 1385 (47.9) 9120 (49.5) 1791 (38.2) 12,296 (47.3)

BMI Group
Underweight (BMI ≤ 18.4) 46 (1.6) 295 (1.7) 72 (1.8) 413 (1.7)
Healthy weight (18.5–24.9) 1001 (35.0) 5961 (32.0) 1254 (26.5) 8216 (31.3)
Overweight (25–29.9) 1072 (37.1) 6375 (34.0) 1521 (30.9) 8968 (33.8)
Obese (BMI ≥ 30) 745 (26.4) 5894 (32.4) 1892 (40.8) 8531 (33.2)

Sleeping pills
Never 2749 (94.3) 15,599 (84.0) 2820 (60.0) 21,218 (80.9)
Some days 48 (1.6) 1817 (9.1) 777 (15.8) 2646 (9.5)
Most days 13 (0.4) 311 (1.5) 278 (5.7) 602 (2.1)
Every day 134 (3.6) 1169 (5.4) 970 (18.5) 2280 (7.5)

Diabetes
Yes 278 (8.5) 1842 (8.7) 716 (13.5) 2836 (9.6)

Hypertension
Yes 1019 (30.0) 6673 (30.5) 2113 (39.4) 9805 (32.0)

Elevated cholesterol
Yes 810 (24.0) 5808 (26.4) 1832 (33.3) 8450 (27.4)

Heart disease d

Yes 207 (5.6) 1381 (5.8) 569 (10.0) 2157 (6.5)

Stroke
Yes 123 (3.5) 581 (2.3) 255 (4.3) 959 (2.8)

Cancer
Yes 304 (7.8) 2294 (9.1) 738 (12.8) 3336 (9.6)

a weighted to account for complex sampling design; b other single and multiple races; c ratio of family income to
poverty threshold for sample adult’s family; d coronary heart disease, angina, heart attack. Data Source: National
Center for Health Statistics, National Health Interview Survey, 2022.

3.2. Association Between Insomnia Symptom Scores and Mental Health

After adjusting for all the covariates, the association between insomnia symptoms and
mental health outcomes remained significant (Table 2). Every one-unit increase in insomnia
symptom scores was associated with 34% increased odds of anxiety for females (OR = 1.34;
95% CI = 1.31, 1.38) and 38% for males (OR = 1.38; 94% CI: 1.33, 1.42). Similarly, insomnia
symptoms were associated with depression for both females (OR = 1.38; 95% CI: 1.34, 1.41)
and males (OR = 1.40; 95% CI: 1.36, 1.44). The association was slightly higher for males
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than for females. A clear dose-response was observed between insomnia symptoms and
mental health; as insomnia symptom scores increased, the odds of anxiety and depression
also increased in both females and males (Figure 1).

Table 2. Association between insomnia symptom scores and mental health (1 unit increase in
insomnia score).

Crude Adjusted

Females

Anxiety
All 1.39 (1.36, 1.43) 1.28 (1.24, 1.31)
Age < 50 1.45 (1.40, 1.50) 1.34 (1.29, 1.40)
Age ≥ 50 1.35 (1.31, 1.39) 1.20 (1.16, 1.24)

Depression
All 1.44 (1.41, 1.47) 1.31 (1.28, 1.35)
Age < 50 1.51 (1.46, 1.57) 1.40 (1.35, 1.46)
Age ≥ 50 1.37 (1.33, 1.41) 1.22 (1.18, 1.26)

Males

Anxiety
All 1.42 (1.38, 1.46) 1.30 (1.26, 1.34)
Age < 50 1.48 (1.42, 1.55) 1.37 (1.30, 1.43)
Age ≥ 50 1.36 (1.31, 1.41) 1.22 (1.17, 1.28)

Depression
All 1.46 (1.41, 1.50) 1.33 (1.28, 1.37)
Age < 50 1.51 (1.44, 1.57) 1.37 (1.31, 1.44)
Age ≥ 50 1.41 (1.35, 1.47) 1.27 (1.21, 1.33)

Adjusted for age, race and ethnicity, education level, marital status, ratio of family income to poverty threshold,
smoking, alcohol consumption, physical activity, body mass index, diabetes, hypertension, heart disease, stroke,
cancer, and sleeping pill utilization. Data Source: National Center for Health Statistics, National Health Interview
Survey, 2022.
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The association between insomnia symptoms and mental health outcomes was differ-
ent by age in both males and females (Table 2). The association was stronger in younger
(<50 years) than older adults (≥50 years). For example, females aged <50 years had
substantially higher odds of anxiety (OR: 1.34; 95%: 1.29, 1.40) compared to females
aged ≥50 years (OR: 1.20; 95% CI: 1.29, 1.40). This pattern was consistent for anxiety and
depression in both males and females. However, there was no difference by race and eth-
nicity, or place of residence (metropolitan or nonmetropolitan). In the individual insomnia
symptoms analysis, all three symptoms (difficulty initiating sleep, difficulty maintaining
sleep, and non-restorative sleep) were associated with anxiety and depression.

3.3. Mental Health Care Utilization and Barriers in Those with Insomnia Symptoms

After adjusting for all covariates, there was a slight increase in the odds ratios compared
to the unadjusted model (Table 3), with females with insomnia symptoms having almost
2 times the odds of receiving mental health care in the past year (OR = 1.7; 95% CI = 1.53, 1.87),
delaying mental health care because of its cost (OR = 1.96; 95% CI: 1.67, 2.30), and needing
mental health care but not getting it because of the cost (OR = 2.14; 95% CI: 1.82, 2.50) than
their males counterpart.

Table 3. Mental health care utilization and perceived barriers in females vs. males among those with
insomnia symptoms.

Crude Adjusted

Received mental health care in the past year 1.58 (1.43, 1.73) 1.70 (1.53, 1.87)

Delayed mental health care because of cost 1.85 (1.60, 2.15) 1.96 (1.67, 2.30)

Needed mental health care but did not get it because of the cost 1.97 (1.70, 2.28) 2.14 (1.82, 2.50)

Adjusted for age, race and ethnicity, education level, marital status, ratio of family income to poverty threshold,
smoking, alcohol consumption, physical activity, body mass index, diabetes, hypertension, heart disease, stroke,
and cancer. Data Source: National Center for Health Statistics, National Health Interview Survey, 2022.

Insurance coverage and place of residence (metropolitan or nonmetropolitan) were
further assessed for moderation and mediation. While there was no evidence of moderation,
a significant albeit minimal mediation by insurance coverage and place of residence was
observed (Table 4).

Table 4. Mediation and moderation of mental health care utilization and perceived barriers.

Natural Indirect
Effect (OR, 95% CI)

% Mediated
(%, 95% CI) p-Value Interaction

Received mental health care in the past year
Insurance coverage 1.01 (1.01, 1.02) 2.08 (1.40, 3.02) 0.3145
Residence (metropolitan and nonmetropolitan) 1.00 (1.00, 1.01) 0.72 (0.12, 1.55) 0.3700

Delayed mental health care because of its cost
Insurance coverage 0.98 (0.97, 0.99) −3.70 (−6.42, −2.08) 0.4278
Residence (metropolitan and nonmetropolitan) 1.00 (1.00, 1.01) 0.42 (0.04, 1.16) 0.3891

Needed mental health care but did not get it because
of the cost
Insurance coverage 0.98 (0.97, 0.99) −3.17 (−5.23, −1.83) 0.5826
Residence (metropolitan and nonmetropolitan) 1.00 (1.00, 1.01) 0.49 (0.04, 1.14) 0.8464

Adjusted for age, race and ethnicity, education level, marital status, ratio of family income to poverty threshold,
smoking, alcohol consumption, physical activity, body mass index, diabetes, hypertension, heart disease, stroke,
and cancer. Data Source: National Center for Health Statistics, National Health Interview Survey, 2022.
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4. Discussion
In this study, we found that insomnia symptoms were associated with anxiety and

depression in both females and males. The association was slightly stronger in males
than in females and more substantial in younger adults than older adults. Females with
insomnia symptoms were more likely to have received mental health care in the past year
and more likely to experience financial barriers to mental health care than males. These
differences in mental health utilization and perceived barriers were partially mediated by
insurance coverage and place of residence.

The findings were consistent with previous studies that linked insomnia symptoms to
anxiety and depression [10–13]. Similar to our study, Jaussent et al. utilized self-reported
insomnia symptoms, but their study was longitudinal and included older adults from
France [10]. Neckelmann et al. included a population from Norway with an age distribution
comparable to our sample and also used self-reported insomnia symptoms [11]. Both
studies reported that insomnia symptoms were associated with anxiety and depression.
Our findings contribute to the existing literature by supporting a dose–response relationship
in which the likelihood of depression and anxiety increases with higher levels of insomnia.
Although the sex difference in the association between insomnia symptoms and mental
health was not substantial, males had slightly higher odds of anxiety and depression
associated with insomnia symptoms than females. A female’s lifespan is marked by
experiences and challenges beginning from adolescence, biological changes, gender roles,
hormonal changes, childbirth and child rearing, and menopause, with all carrying potential
risks of insomnia. As such, females may cope better with insomnia than males, as they
may experience insomnia at an earlier age than males or throughout their lifespan, and
may develop better resilience or mental health-seeking behavior [21]. In addition, studies
support that males self-report mental health and insomnia issues less frequently than
females [22]. Moreover, males may experience greater societal pressure and expectations,
which could limit opportunities to develop social connections [23]. Social support and
networks have been shown to contribute positively to mental health and well-being [24].
Our finding underscores the importance of more awareness around insomnia and mental
health, regardless of sex.

Age differences in the association between insomnia symptoms and mental health
were substantial, indicating higher odds for younger adults compared to older adults in
both males and females. This finding, coupled with the lower mean age in those with
insomnia symptoms, suggests that the burden of insomnia is not only higher in younger
adults but also more linked to poor mental health. This is particularly alarming given that
younger adults make up the core of the workforce essential to maintaining and advancing
societal needs. Efforts to reduce stress and burnout and improve work–life balance would
likely contribute to a better quality of life and well-being.

In those with insomnia symptoms, females were more likely to receive mental health
care, but also more likely to delay mental health care due to financial barriers than males.
The reasons that females exhibit higher levels of mental health-seeking behavior compared
to their male counterparts may rely on their attentiveness to their internal psychological
experiences compared to males. Societal and cultural expectations of hypermasculinity
may prevent males from expressing their emotions and seeking help, especially about
mental health, as they risk being perceived as weak. Sigma related to mental health,
shame, doubts about the effectiveness of mental health care, costs, and other barriers are
still prominent [25]. Reducing those barriers and improving mental health care access is
paramount to a better society, given the high prevalence of mental health disorders.

Females were about two times more likely to experience financial barriers to mental
health care than males. In the U.S., females may have lower financial earnings and resources
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compared to males, which could play a critical role in limiting access to health care [26].
Reducing income gap disparities will likely contribute to improving access to mental
health care. Alternatively, females may encounter more barriers, possibly because their
greater awareness of mental health issues and higher likelihood of seeking care make such
challenges more apparent compared to males.

We further observed that the female–male differences in mental health care utilization
and perceived barriers were only minimally explained by health insurance coverage and
area of residence. Additional barriers such as stigma, cultural attitudes, negative perception
of treatment, minimization of insomnia symptoms, provider accessibility, or availability
could not be assessed in the present study and should be considered in future research.

Our findings further underscore the benefits of making sure insomnia assessments
are not overlooked, with diagnoses slipping through the cracks leading to significantly
negative health outcomes. Beyond mental health, insomnia has been linked to multiple
other chronic diseases, such as cancer, stroke, heart failure, and hypertension [27–30]. The
benefits of interrupting insomnia symptoms early in the disease progression cannot be
understated, whether by prevention or intervention. By making an appropriate diagnosis of
insomnia, there is a chance of targeted clinical intervention, including cognitive behavioral
therapy, instead of hoping that insomnia will resolve spontaneously.

Several limitations should be considered when interpreting these findings. This was
a cross-sectional study, which limits our ability to determine directionality and establish
causal inference. Insomnia symptoms and mental health outcomes were assessed concur-
rently, and it is unclear which preceded the other. Future studies with longitudinal data
are needed to confirm those findings. Furthermore, the survey was based on self-reported
data, which are subject to misclassification bias of both the exposure and the outcome.
Future studies and data collection should consider including more objective measurements
of sleep and mental health. Insomnia symptoms were compiled into a symptom index,
which assumed that all symptoms have equal health implications. An analysis by type of
insomnia symptom indicated higher odds for trouble initiating sleep compared to trou-
ble maintaining sleep and non-restorative sleep. However, all three individual insomnia
symptoms included in the composite score were strongly associated with anxiety and de-
pression. In addition, insomnia symptoms, rather than diagnosed insomnia, were assessed.
This research is an observational study and should be interpreted in light of the potential
for residual or unmeasured confounding that may influence the observed associations.
Lastly, this study focuses solely on the U.S. adult population, and its findings may not be
generalizable to other populations with different health care systems and cultural contexts.

Despite these limitations, the NHIS is a large sample, and the design allows for making
inferences about the U.S. adult population. This study was innovative in highlighting age
and sex differences in the association between insomnia symptoms and further shedding
light on mental health care utilization and barriers. These findings have significant implica-
tions for public health, policy, health care, and future research. Public health interventions
could include raising awareness about insomnia symptoms and mental health, and improv-
ing access to mental health care. Policies aimed at improving access to mental health care
could include expanding insurance coverage to encompass cognitive behavioral therapy,
as well as extending overall health insurance coverage. Mental health counseling and
therapy involve diverse professionals, such as psychiatrists, psychologists, primary care
providers, nurses, and clinical social workers, who could all benefit from interprofessional
collaboration. In rural areas, for example, where specialist availability is scarce, it often
rests on the primary care provider to provide a range of care, including mental health care.
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5. Conclusions
The association between insomnia symptoms and increased odds of anxiety and

depression in both females and males suggests that insomnia symptoms may be an indicator
of mental health outcomes regardless of sex. Insomnia symptoms are more strongly
associated with mental health in younger adults compared to older adults. Public health
interventions should consider targeting younger adults. The study also revealed that
females with insomnia symptoms have higher odds of receiving mental health care, but are
also more likely to delay treatment due to costs compared to their male counterparts. This
underscores the importance of addressing the gender financial gap to ensure affordable
mental health care options for females and improving mental health-seeking behaviors
for males. Holistic approaches, including prevention, destigmatization, identification,
normalizing help seeking, and improving access to mental health care, are warranted.
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