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Abstract

Background: Insomnia is strongly associated with stimulant use across various populations
and for a wide range of substances. It represents a significant clinical problem among individ-
uals with stimulant use disorders, yet treatment guidelines for this specific population are
limited. This gap underscores the need for a systematic review to analyze the pharmacological
and non-pharmacological treatments for insomnia in individuals with stimulant use disorders.
The aim of this review is to determine the efficacy, safety, and limitations of these approaches
and their impact on psychiatric symptoms, stimulant use, and adverse events. Methodology:
A systematic review was conducted through January—July 2025 using PubMed, Scopus, and
Web of Science. The review focused on the management of chronic insomnia associated
with stimulant use, including substances such as amphetamines, methylphenidate, nicotine,
caffeine, and cocaine. The systematic review was structured in accordance with the PRISMA
guidelines, and identified studies were assessed by title/abstract and full-text evaluation.
Results: A total of twenty studies were included in the systematic review. Seven studies
examined pharmacological interventions, including modafinil, naltrexone /buprenorphine-
naloxone, varenicline, combination NRT, and ramelteon. Thirteen studies investigated
non-pharmacological approaches, including Cognitive Behavioral Therapy (CBT), Repet-
itive Transcranial Magnetic Stimulation (rTMS), Electrical Vestibular Nerve Stimulation
(VeNS), maximal strength training, electroacupuncture (EA), and probiotics. The majority
of interventions demonstrated positive outcomes in reducing insomnia severity, with some
participants achieving non-clinical levels. Commonly reported clinical symptoms related
to insomnia included difficulty initiating or maintaining sleep, early morning awakening,
and sleep dissatisfaction. Conclusions: Both pharmacological and non-pharmacological inter-
ventions showed promise. However, the lack of validated guidelines underscores the need
for integrated therapeutic approaches that address the complex comorbidity of insomnia,
stimulant use, and co-occurring psychiatric conditions.
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1. Introduction
1.1. Insomnia and Sleep Disorders

Insomnia is defined as difficulty initiating or maintaining sleep or experiencing early
morning awakenings despite having adequate opportunity to sleep. When these symp-
toms occur at least three times per week for more than three months and cause significant
daytime impairment, the condition is classified as chronic insomnia disorder [1]. Epidemi-
ological studies estimate that approximately 10% of the adult population suffers from
chronic insomnia, while an additional 20% experience intermittent symptoms [2]. The dis-
order is associated with considerable consequences, including reduced work productivity,
memory and concentration issues, increased healthcare utilization, and a higher risk for
mood disorders such as major depression [3]. Stimulant use is strongly associated with
sleep disturbances, including insomnia, across various populations and substances [4].
Therapeutic stimulants, such as amphetamines and methylphenidate, have been linked
to delayed sleep onset and reduced sleep efficiency, particularly in pediatric patients. For
example, Kidwell et al. (2015) [5] found that patients initiating stimulant therapy frequently
report sleep difficulties, with younger children and adolescents being particularly vulnera-
ble. Similarly, modafinil and armodafinil may inadvertently exacerbate insomnia due to
their wake-promoting effects, despite their targeted indications. Recreational stimulants,
including cocaine and methamphetamine, pose significant risks for severe sleep disrup-
tions, as these substances drastically alter dopamine pathways and circadian rhythms,
leading to fragmented or reduced sleep. Legal stimulants, such as caffeine and nicotine,
also contribute to insomnia [6], prolonging sleep latency and decreasing overall sleep
quality, particularly when consumed close to bedtime. Nicotine, often consumed in the
form of tobacco products, has been shown to stimulate arousal, disrupt sleep architecture,
and influence the quality of sleep, encompassing subjective sleep quality, sleep efficiency,
and duration [7].

1.2. Most Important Categories of Stimulant Drugs

Stimulant drugs represent a diverse class of substances, distinguished by their com-
mon uses, therapeutic applications, and underlying mechanisms of action [8,9]. Among
therapeutic stimulants:

(1) Amphetamines (e.g., Adderall®, Teva Pharmaceutical Industries Ltd., Petah Tikva,
Israel) are frequently prescribed for managing attention-deficit/hyperactivity disorder
(ADHD), narcolepsy, and, in some cases, treatment-resistant depression. Their efficacy
is primarily attributed to their ability to enhance dopamine and norepinephrine levels.
Similarly, methylphenidate (e.g., Ritalin®, Concerta®, Janssen Pharmaceuticals Inc.,
Titusville, United States) is extensively utilized for ADHD and narcolepsy, exerting its
effects through the inhibition of dopamine and norepinephrine reuptake.

(2) Modafinil and armodafinil are specifically indicated for conditions such as narcolepsy,
obstructive sleep apnea, and shift work sleep disorder, with their activity linked to
increased histamine and dopamine levels.

On the contrary, recreational and illicit stimulants, including cocaine, methamphetamine,
and synthetic stimulants, are primarily sought for the following euphoric effects:

(1) Cocaine acts by inhibiting the reuptake of dopamine, serotonin, and norepinephrine,
whereas methamphetamine both promotes dopamine release and inhibits its reuptake.
(2) Synthetic designer stimulants, including methylene-dioxy-methamphetamine (MDMA
and ecstasy) and synthetic cathinones (e.g., bath salts), are recreationally used for their
pronounced euphoric and empathogenic effects, which result from increased sero-
tonin, dopamine, and norepinephrine activity. Additional stimulants of note include
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ephedrine and pseudoephedrine, common components in decongestants and weight
loss products, which act via stimulation of adrenergic receptors and norepinephrine
release. Khat (Catha edulis) is a flowering plant native to East Africa and the Arabian
Peninsula. The leaves and shoots of the plant contain psychoactive compounds, par-
ticularly cathinone and cathine, which act as stimulants. People commonly chew khat
leaves for their amphetamine-like stimulating effects, which can lead to increased
energy, alertness, and euphoria.

Legal stimulants, such as caffeine and nicotine, are among the most widely consumed
stimulants globally. Caffeine promotes wakefulness by antagonizing adenosine receptors,
while nicotine enhances dopamine release through stimulation of nicotinic acetylcholine
receptors (Scheme 1).
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Scheme 1. Most important stimulant drugs, classified for their characteristics and pharmacological
mechanisms.

Overall, despite differences in their pharmacological mechanisms, effects such as
exhilaration, enhanced self-esteem, improved mental and physical performance, increased
activity, reduced appetite, extended wakefulness, sleep disorders, and euphoria are char-
acteristic of all stimulant drugs [8-10]. Chronic and high-dose use of these substances is
commonly associated with adverse psychological and behavioral effects, such as agitation,
hostility, panic, aggression, and severe outcomes like suicidal or homicidal tendencies [10].
Paranoia, accompanied by auditory and visual hallucinations, may also manifest in certain
cases, especially with prolonged misuse [1,3]. Tolerance to these substances develops
rapidly, necessitating higher doses to achieve the same effects, and psychological depen-
dence often follows [11]. Several stimulants lack recognized medical use in the United
States and are classified under Schedule I due to their high potential for abuse [11]. Gener-
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ally, many stimulants are classified as controlled substances due to their potential for abuse
and adverse health effects. However, the classification and regulatory measures differ; e.g.,
amphetamine is the most common synthetic stimulant available in Europe, constituting a
large and stable market worth a minimum of EUR 1.1 billion annually [12]. Its production
and distribution are subject to strict regulations, and unauthorized handling is illegal.
Similarly, methamphetamine is generally classified as an illicit drug, with severe penalties
for production, distribution, and possession. With regard to synthetic cathinones, due to
their implicit characteristics as new psychoactive substances (NPS), being sold openly as
“legal” replacements for illicit drugs, their legal status changes rapidly as authorities assess
their risks. The legal status of khat varies across Europe, being considered, for instance,
illegal in Belgium since 2006, in Denmark since 1993, and in Sweden since 1989. Conversely,
some countries may have less stringent regulations.

1.3. Guidelines Available for the Treatment of Insomnia

Several guidelines regarding the treatment of insomnia have been published in the
past ten years. These include guidelines by the American College of Physicians (ACP),
the American Academy of Sleep Medicine (AASM), the British Sleep Society (BSS), the
German Sleep Society (GSS), and the European Sleep Research Society (ESRS), which
provide evidence-based recommendations in managing chronic insomnia, emphasizing
a multimodal approach, including both non-pharmacological and pharmacological treat-
ments [13,14]. For insomnia in individuals with substance use disorders (SUDs), guidelines
are limited, often highlighting the importance of addressing co-occurring conditions and
avoiding medications with abuse potential, such as benzodiazepines [15]. Non-addictive
alternatives like trazodone, doxepin, or gabapentin are often recommended, alongside
behavioral therapies tailored to individuals with SUD [15]. Specific guidelines, such as
those from the AASM and the Substance Abuse and Mental Health Services Administra-
tion (SAMHSA), underscore the necessity of integrating sleep interventions with ongoing
addiction treatment to improve outcomes [14,16].

Among non-pharmacological interventions, Cognitive Behavioral Therapy for Insom-
nia (CBT-I) has demonstrated robust and lasting improvements in sleep outcomes [17].
Additional approaches such as acupuncture and acupressure have also shown significant
efficacy in improving key sleep parameters like total sleep time, sleep latency, and sleep
efficiency [18]. Recently, a brand new therapy with probiotics has emerged but remains an
experimental approach for the treatment of insomnia. These beneficial microorganisms,
traditionally used to support gut health, are gaining attention for their potential role in
sleep regulation via the gut-brain axis [19]. The gut-brain axis (GBA) is a complex com-
munication system linking the central nervous system and the enteric nervous system.
This connection is fundamental for overall health and plays a crucial role in regulating
mood, cognitive functions, and even sleep [20]. Probiotics are live microorganisms that,
when administered, confer a health benefit [19]. They can influence the GBA by restoring
the balance of the gut microbiota, reducing inflammation, enhancing neurotransmitter
production, and strengthening the intestinal barrier. Research on the use of probiotics in
mental health, a field known as psychobiotics, is rapidly growing.

2. Materials and Methods
2.1. Search Strategy

A systematic review was carried out, consistent with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines [21]. A search was performed
from January to July 2025 on PubMed, Scopus, and Web of Science. The following search
strategy was used: (“insomnia” OR “sleep disturbance” OR “sleep disorder” OR “chronic
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insomnia” OR “sleep maintenance insomnia” OR “poor sleep quality”) AND (“stimulant
use” OR “stimulant abuse” OR “stimulant dependence” OR “substance use disorder”
OR “chronic stimulant use” OR “amphetamine” OR “methylphenidate” OR “modafinil”
OR “cocaine” OR “methamphetamine” OR “caffeine” OR “nicotine” OR “MDMA” OR
“synthetic cathinones” OR “bath salts” OR “ephedrine” OR “khat”) AND (“treatment”
OR “management” OR “intervention” OR “therapy” OR “pharmacological treatment”
OR “behavioral treatment” OR “non pharmacological treatment”) AND (“randomized
controlled trial” OR “RCT” OR “observational study” OR “cohort study” OR “case—control
study” OR “qualitative study”). All titles/abstracts were examined, and full texts of
potentially relevant papers were obtained. Relevant works were selected in order to have
a full representation of the available literature data on the selected topic. The study was
registered on PROSPERO in February 2025 with the number CRD42025641631.

2.2. Inclusion and Exclusion Criteria

Eligible studies were identified if they possessed a range of characteristics, including
(1) peer-reviewed clinical/human studies; (2) at least an abstract with estimates and/or full
results available; and (3) focusing on the management of chronic insomnia associated with
stimulant use, including substances such as amphetamines, methylphenidate, nicotine,
caffeine, and cocaine. The analysis explores the efficacy and safety of both pharmacological
interventions and non-pharmacological approaches. The exclusion criteria for both selection
phases were as follows: (1) non-original research (e.g., review, commentary, editorial,
and book chapter); (2) no full-text article available (e.g., meeting abstract); (3) language
other than English; (4) animal studies; (5) articles not focusing on patients with a specific
diagnosis of stimulant use disorder (SUD); (6) articles not addressing insomnia (e.g., studies
focusing solely on other sleep disorders or unrelated conditions); and (7) articles not
evaluating interventions (pharmacological or non-pharmacological) for the treatment of
chronic insomnia.

2.3. Research Question

The research question was formulated following the PICO framework guidelines. The
population (P) includes patients affected with a stimulant (specifically amphetamine) use
disorder suffering from chronic insomnia. The Intervention (I) focuses on both pharmaco-
logical and non-pharmacological interventions, while the Comparator (C) regards patients
without intervention or with placebo. The outcome (O) encompasses studying all types
of intervention (both pharmacological and non-pharmacological) and their efficacy for
the treatment of chronic insomnia in patients affected with a stimulant use disorder. The
research question was: “What are the effects of pharmacological and non-pharmacological
interventions in managing chronic insomnia in individuals with stimulant use?” This sys-
tematic review reports the findings from the included studies addressing the following;:
the prevalence of chronic insomnia among individuals with stimulant use disorder, the
patterns of insomnia symptoms (common presentations, e.g., difficulty initiating sleep,
maintaining sleep, or non-restorative sleep), and severity (e.g., mild, moderate, and severe).
Also associated clinical outcomes: impact on psychiatric symptoms, overall mental health,
and quality of life and effects on stimulant use disorder (e.g., potential exacerbation of
substance use, role in relapse, or improvements associated with insomnia treatment).

2.4. Bias Evaluation

Evaluating the risk of bias in the included studies offered important insights into the
treatment of insomnia in stimulant-using populations (Supplementary Materials Table S1).
Selection bias was generally low in most randomized controlled trials (RCTs), with clear
descriptions of randomization procedures and appropriate allocation methods. Some
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studies (particularly observational or pilot designs) demonstrated a moderate to high
risk of selection bias due to limited randomization details or non-randomized sampling.
Performance bias varied across studies. While many RCTs implemented double-blinding
or sham-controlled designs, enhancing internal validity, others lacked clear information on
participant or personnel blinding, especially in behavioral or retrospective interventions.
This resulted in a moderate performance bias risk in a significant number of studies.
Attrition bias was low in most trials, where dropout rates were reported and appropriately
handled through methods such as intention-to-treat (ITT) analyses or imputation. However,
a subset of studies showed moderate risk due to incomplete handling of missing data or
lack of clarity around participant retention, particularly in pilot or small-sample studies.
Reporting bias was generally well controlled. The majority of studies clearly reported
pre-specified outcomes, and findings were consistently aligned with the study objectives.
Only a few studies showed moderate or high reporting bias, primarily due to incomplete
data presentation or a lack of pre-registration, especially in observational or exploratory
research. Reported limitation bias was present across the majority of studies at a moderate
level, reflecting common concerns such as small sample sizes, short follow-up durations,
or the use of self-reported measures. In conclusion, the overall assessment indicates a low
to moderate level of bias across the reviewed studies. Aggregated data synthesis will be
conducted by three members of the review team, with any discrepancies resolved through
discussion with a fourth reviewer.

3. Results

From a total of 1590 articles (PubMed = 1252; Scopus = 230; Web of Science = 108),
after deduplication (n = 111), a total of 1479 records were screened. Among the articles
screened, 1375 were excluded by title and abstract. Specifically, 579 were non-original
research (review, commentary, editorial, and book chapter), 7 were not written in English,
769 were not relevant to the subject (animal/in vitro studies, articles not focusing on
patients with a specific diagnosis of stimulant use disorder, not addressing insomnia, or
not evaluating interventions for the treatment of chronic insomnia), and 20 had no abstract.
Of the 104 full-text articles assessed for eligibility, 84 did not match the inclusion criteria
for our review (81 not relevant to the subject, 3 full-text not available); finally, 20 articles
were included in the systematic review (Figure 1).

Studies recorded were as follows: 15 randomized controlled trials (RCTs) (N = 15), 2 pilot
studies (N = 2), 1 pilot randomized controlled trial (N = 1), 1 retrospective observational study
(N =1), and 1 observational study (N = 1). A detailed summary of the 20 articles is included
in Table 1 (pharmacological interventions) and Table 2 (non-pharmacological interventions).

Demographic findings showed a mixed population in most studies. Among the
included studies, the mean age ranged broadly, reflecting diverse adult populations. Gen-
der distribution varied, with several studies reporting a predominance of males (e.g.,
N =30 males [22], N = 85 males [23], N = 10 males and N = 2 females [24], 77.3% bio-
logically male [25], N = 708 males [26]). While some studies had a female-predominant
distribution (e.g., 66.3% female [27], N = 51 female, N = 49 male [28], N = 82 females,
N = 38 males [29], 46% female [30], 48% female [31], 48.1% female [32], 75% female [33],
N = 61 women and N = 54 men [34]). Commonly reported clinical symptoms related
to insomnia included difficulty falling asleep, staying asleep, early morning awakening,
and dissatisfaction with sleep [28,31,33]. Other symptoms noted were impaired vigilance
and poor procedural learning as abstinence progressed [24], irregular sleep timing [25],
fatigue [27,29,35], abnormal dreams [30,32], and night awakenings [30]. Symptoms of
anxiety and depression were frequently co-occurring with insomnia [29,35,36]. One study
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also mentioned scalp discomfort, temporary headache, and nausea as mild side effects of
interventions [22].
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Figure 1. PRISMA 2020 flow diagram [21]. Adapted from: The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews.

3.1. Pharmacological Interventions

A total of seven studies examined pharmacological interventions for chronic insomnia
in individuals with stimulant use disorder (Table 1).

3.1.1. Modafinil

It has been found that participants treated with modafinil experienced a rebound in
REM sleep following cessation of cocaine use, although they reported sleep misperception
and overestimation. All participants included in the study used cocaine by smoking or
intravenous route at least once each week in the past month [37]. Chronic cocaine users
often report a paradoxical perception of their sleep quality; while objectively experiencing
a deterioration of sleep, they subjectively describe an improvement. This phenomenon has
been defined as “occult insomnia” [37].
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3.1.2. Naltrexone/Buprenorphine-Naloxone

Insomnia scores were significantly lower in the Extended-Release Naltrexone (XR-
NTX) group compared to the buprenorphine-naloxone (BP-NLX) group [34]. Furthermore,
the increases in anxiety and depression scores were significantly associated with higher
insomnia scores.

3.1.3. Nicotine Replacement Therapy (NRT)/Varenicline

Varenicline and combination NRT (NRT+) were more effective on insomnia symptoms
than NRT alone at weeks 5-10 and 5-22, with VR being superior to NRT at 52 weeks [32].
The use of nicotine patches to treat nicotine dependence significantly improved sleep
performance and insomnia symptoms, especially in night smokers [31]. However, another
study reported that all groups (varenicline, TN, and placebo) experienced increased sleep
disturbance from baseline to 1-week post-quit date, with a significantly greater increase
in the varenicline and TN groups versus placebo. In particular, it has been described that
existing smoking cessation treatments may exacerbate withdrawal-related sleep problems
in the early phase [30].

3.1.4. Ramelteon

Significant improvements in Insomnia Severity Index (ISI) scores (from baseline 15 to
10) were recorded with ramelteon, along with significant improvements in physical and
mental components [27]. Factors like older age, shorter disease duration, no alcohol intake,
full-time employment, and not taking concomitant medication for insomnia positively
affected the response.

3.2. Non Pharmacological Interventions

A total of thirteen studies explored non-pharmacological management of chronic
insomnia associated with stimulant use (Table 2).

3.2.1. Repetitive Transcranial Magnetic Stimulation (rTMS)

High-frequency (10 Hz) rTMS applied over the left dorsolateral prefrontal cortex
(DLPFEC) improved cognitive performance in verbal memory, social cognition, and sleep
performance, also significantly reducing craving after 5 sessions [22]. Pittsburgh Sleep
Quality Index (PSQI) scores improved significantly after rTMS treatment targeting the left
DLPFC, with more sessions associated with better sleep quality [23].

3.2.2. Cognitive Behavioral Therapy for Insomnia (CBT-I)

Most participants reported reductions in insomnia symptoms after group-based CBT-I,
with severity decreasing to mild insomnia levels in 4 out of 5 individuals in the CBT-I
group [38]. Brief Behavioral Treatment for Insomnia (BBTI) decreased the ISI median
score from 18.0 to 3.0 and improved the PSQI from 11.0 to 6.0, shifting participants to
non-clinical levels of insomnia [25]. CBT-I participants showed greater satisfaction with
treatment and greater decreases in insomnia severity compared to the Sleep Health (SH)
group, also having an indirect effect on alcohol-related consequences through its influence
on insomnia symptoms [33]. While another study demonstrated that the CBT-I group
showed significant improvements in sleep efficiency, sleep latency, number of awakenings,
wake after sleep onset, and total sleep time compared to the control group [35]. The SH
counseling incorporating CBT-I principles led to early improvements in objective sleep
health, which may support abstinence and improve sleep performance [29].
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3.2.3. Exercise/Physical Activity

Maximal strength training of lower extremities significantly decreased insomnia levels
only in the training group, also improving neural function and reducing anxiety [39].

3.2.4. Electrical Vestibular Nerve Stimulation (VeNS)

Significant reduction in ISI scores and improvement in PSQI scores in the active VeNS
group compared to the sham group, with increases in total sleep time and decreases in
sleep latency based on sleep diaries [28].

3.2.5. Weighted Blankets

It has been found a significant advantage in ISI ratings for the weighted blanket
intervention over the light blanket after 4 weeks, showing benefits for insomnia and sleep-
related daytime symptoms [29].

3.2.6. Electro-Acupuncture (EA)

The results demonstrated an improvement in the symptoms of anxiety, depression,
and insomnia, with a better curative effect on the HAMD sleep disorders score compared
to the sham-EA group [36].

3.2.7. Probiotics

The aim of the study is to evaluate the efficacy of probiotic supplements in improving
insomnia but also anxiety and psychotic symptoms. Probiotics demonstrated that indi-
viduals experienced greater decreases in sleep problems at the end of the trial (Week 8)
compared to the placebo group, suggesting a significant improvement in sleep quality [40].

3.3. Substance Use Disorders in Patients with Insomnia and Stimulant Use Disorder

Patients with chronic insomnia and stimulant use disorder frequently present with
additional substance use. Among stimulant use disorders and substance use disorders
(SUD), nicotine dependence has been reported in eight articles [24,27,30-33,38,41], Cocaine
dependence has been reported in nine articles [23,24,26,37-39]. While Amphetamine use
disorder has been described in four articles [22,36,39,40], caffeine dependence has been
reported instead in four articles [27,28,33,35]. Other SUDs reported were alcohol use
disorder, mentioned in two articles [25,26]; opioid dependence, in one article [34]; and
cannabis use disorder in one article [33]. The prevalence of SUD among the participants in
the study is described in Figure 2.
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Table 1. Overview of studies recording pharmacological management of chronic insomnia associated with stimulant drug use—a summary of the main findings.

1. Nicotine
Sample Features . Iype O.f Stimulant Additional Clinical
. Type of Duration of Use Disorder and . o Symptoms
Study Study Design (Gender, Mean . . Psychiatric Findings Notes
Intervention Intervention Other Substance : Related to
Age + SD) Disorder .
Abuse Insomnia
All groups experienced
increased sleep
disturbance from
baseline to 1-week
N = 1136 post-TQD (p < 0.001). Disturbance
R . The increase was appears to reflect
treatment-seeking - TN: 21 mg/day S . o
) L significantly greater in both nicotine
adult smokers; nicotine patch and 12 weeks of the varenicline and TN withdrawal and
Mean age = 45.6 varenicline: titrated treatment; sleep groups vs, placebo Abnormal dreams, medication side
Ashareetal, Randomized (SD =11); f} 6% . to 1. mg BID for disturbance . Nicotine Nicotine patch and dlfﬁculty. falling effects. The use of
. female; 55% White; 12 weeks assessed pre-quit N/A D asleep, night . .
2017 [30] controlled trial . . dependence varenicline both worsen . adjunctive
smoked > 10 while placebo: (baseline) and at . . awakenings, and .
. . sleep during the first . treatment like CBT
cigarettes/day. matched pill + patch 1-week post-target . vivid dreams
. . . . week of abstinence. can be used to
Participants stratified ~ together with quit date Existi Ki )
by nicotine metabolite  counseling Xisting smoking target sleep
rzi]tio (NMR) cessation treatments do during quit
not alleviate attempts
withdrawal-related sleep
problems but they may
exacerbate them in the
early phase
Nightsmolers =135,y
N = 385; 0 /o) had sighilicantly initiating and The co-occurrence
treatment-seekin, higher pre-cessation maintaining slee of night
smokers (mean & Nicotine patch sleep disturbance than reduced dugratiorPl) ' smol%in + poor
age ~ 46, SD ~ 11); (21 mg); 6 weeks (pharma- non-night smokers and efficienc slee (PgSQIp> 5)
. go D o randomized to 0,25, cotherapy), with L (PSQI global score: . Y p N
Peters et al., Randomized 48% female; 87% Nicotine increased daytime  predicted significantly
2011 [31] controlled trial ~ White; smoked > 20 50, or 100 mg/day follow-up at dependence N/A 58vs. 4.4;p <0.01). The dysfunction. worse smokin
G are;tes Jday; naltrexone together ~ weeks 1, 6, 24, and P use of nicotine patches N}il ht smokérs outcomes at w%eks
crgaret Y7 with weekly 48 post-quit. to treat nicotine 8
inclusion required counseling dependence significantly reported shorter 6,24, and 48
CO > 10 ppm; sleep durationand  compared to those

FTND mean = 6.3

improves sleep
performance and
insomnia symptoms

more fragmented
sleep than others

with neither issue
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Table 1. Cont.
1. Nicotine
Sample Features . Iype O.f Stimulant Additional Clinical
. Type of Duration of Use Disorder and . o Symptoms
Study Study Design (Gender, Mean . . Psychiatric Findings Notes
Intervention Intervention Other Substance . Related to
Age + SD) Disorder .
Abuse Insomnia
- NRT: nicotine patch Sleep-related The VR group
N = 737; Mean (up to 21 mg/day) Major depressive VR and NRT+ were symptoms (e.g., reported more
for 10 weeks . o more effective on abnormal dreams)  fatigue and
age = 48.6 years - NRT+: patch (up to NRT: 10 weeks; disorder 64.6%, insomnia symptoms were more digestive issues
Tullochetal, Randomized (SD =10.8); 53.6% ; NRT+: up to Nicotine anxiety disorders . S '
. o 35 mg/day) + gum o o than NRT only at weeks  frequent in the VR No significant
2016 [32] controlled trial ~ male. 59% had a . : 22 weeks; VR: up dependence 21.4%). 59% had o . .
- . or inhaler, flexible . ., . 5-10and 5-22; VR group (60.3%) differences in
lifetime psychiatric K to 24 weeks lifetime psychiatric . .
diagnosis dose, up to 22 weeks diagnosis superior to NRT at compared to serious adverse
- VR: varenicline 1 mg 52 weeks NRT+ (46.9%) and  events across
BID up to 24 weeks NRT (37.6%) groups
2. Ramelteon
Sample features . Type O.f Stimulant Additional Clinical
. Type of Duration of Use Disorder and . .o
Study Study design (gender, mean . . . . psychiatric Findings symptoms related  Notes
intervention intervention other Substance . . .
age + SD) disorder to insomnia
abuse
Patients in the
Ramelteon was study report
associated with better concurrent
response or remission. disorders:
Significant hypertension
improvements in ISI (26.9%),
N =1527; score (from baseline 15 hyperlipidemia
1050 (68.7%) 12 weeks. Mean to 10) with significant (19.4%), diabetes
completed the Ramelteon duration '0 ¢ Nicotine depen- Depression improvements in Fatieue. anxiet (10.3%), and reflux
Uchiyama Observational 12-week observation 8 mg/day ramelteon ther. dence/ caffeine (19.4% of patients), physical and mental n d% ,r d Y esophagitis (7.0%).
etal,2019[27] study period. Mean age: administered at least vjase72e(§) da : apy consumption anxiety disorder ~ components. Some Svork ecerigifnance Adverse drug
56.8 years 1 h before bedtime (SD = 3;5 3) y (>2 cups) (9.9% of patients)  factors affect the p reactions (ADRs)

(SD =19.1). 66.3%
female

response like older age
(>75 years), shorter
disease duration, no
alcohol intake, being
employed full-time and
not taking concomitant
medication for insomnia

occurred in 5.9%
of patients, with
somnolence (1.7%)
and dizziness
(1.5%) being the
most frequent.

No deaths were
reported
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Table 1. Cont.
3. Modafinil
Sample features . Iype O.f Stimulant Additional Clinical
. Type of Duration of Use Disorder and . o
Study Study design (gender, mean . . . . psychiatric Findings symptoms related  Notes
intervention intervention other Substance . . .
age + SD) abuse disorder to insomnia
All participants
reported current
use of cocaine by
smoked or
N =43 All participants Following cessation of intravenous route
(44 yy £7[SD]) took 4 capsules wing .. at least 1 time each
M=35F=8 containing placebo cocaine use, Participants week in the past
L 3} Participants were . treated with modafinil . .
. Participants had a . each morning. In . . Sleep misperception ~month and a
Randomized . . randomized to - . experience a rebound in L s -
Hodges et al., Controlled history of using receive either the modafinil Cocaine N/A REM sleep with marked] and overestimation ~ positive urine test for
2017 [37] Trial cocaine for lacebo or group, participants ~ dependence shortenec{JREM latenc Y in the modafinil cocaine metabolite
24 + 8 years, and fno dafinil received 100 mg of and longer REM slee 4 group at screening.
were on average ' modafinil on Day 5, fimes coé;ﬁrmjn an P Chronic cocaine
7 + 3 days abstinent 200 mg on Day 6, . 8 . users experience
. . improvement of insomnia .
from cocaine and 400 mg daily worsening of sleep
that is perceived
as qualitatively
improving (occult
insomnia)
4. Extended-release naltrexone and Buprenorphine-naloxone
Sample features . Iype O.f Stimulant Additional Clinical
. Type of Duration of Use Disorder and L. o
Study Study design (gender, mean . . . . psychiatric Findings symptoms related  Notes
intervention intervention other Substance . . .
age + SD) abuse disorder to insomnia
ISI improved in the
extended-release
naltrexone group. At
12-week treatment Insomnia score was ‘évfsk 1§ésozirgflfl:; ?f:;
N=115 with either Heroin dependence significantly lower in the de tgfi fication
. o XR-NTXvs. BP-NLX  intramuscular (mean [SD], 69 [58]  Anxiety disorder/  XR-NTX group. . .
. Prospective (18 to 60 yy). . e . . > . Anhedonia, leaving 109
Latif et al., . sublingual. The injection of vs. 6.7 [5.2] years)/  major depressive  Increases in the anxiety . L
randomized Mean age = 36.4 years, . . S . . depression, and participants. 29
2019 [34] . . . Mean daily dose of XR-NTX in the Opioid Depen- disorder/SUD and depression scores .
clinical trial N = 61 female and . . " R reduced pleasure participants
N = 54 male BP-NLX was 11.2mg  gluteal region dence/Amphetamine (opioid) were significantly completed the study
every fourth week  Dependence associated with higher - ’
or with daily insomnia scores Four participants
tested positive for HIV,
and 86 participants
(54.1%) had positive

hepatitis C tests
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Table 1. Cont.

5. Cognitive Behavioral Therapy and SUD Treatment Combination

Type of Stimulant

Sample features . . Additional Clinical
. Type of Duration of Use Disorder and . o
Study Study design (gender, mean . . . . psychiatric Findings symptoms related  Notes
intervention intervention other Substance . . .
age + SD) disorder to insomnia
abuse
CBT directly
addressing
insomnia in
populations with
substance use
disorder (SUD)
N'=762 (48.14 years i(e)zuﬁixlleesliﬁavioral
old (SD = 13), Violence reduction ou%comes Slee
M = 708 Caucasian interventions . . Aggressiveness, - ymes. o/eep
. . . N/A (durationof ~ Cocaine depen- The SUD treatment and . impaired individuals
Sexton et al., Randomized Non-Hispanic through CBT and . K X nervousness, pain
. o . treatment not dence/alcohol N/A CBT improved insomnia s may demonstrate
2021 [26] controlled trial ~ (71.6%). Participants  treatment for SUD . sensitivity, and
e as reported) use disorder assessed through ISQ . changes to threat
reported heavy (not specified in somatic symptoms  _ oL o
alcohol consumption  the study) y

and cocaine

poorer decision-
making capacity.
Heavy alcohol use,
cocaine, and insomnia
diagnoses were all
associated with
greater frequency

of aggressive injury

Abbreviations: ADHD: Attention Deficit Hyperactivity Disorder; AMP: amphetamine; AMPUD: amphetamine use disorder; CBT: Cognitive Behavioral Therapy; CUD: cannabis
use disorders; MDD: major depression disorder; DSM: Diagnostic and Statistical Manual of Mental Disorders; MethAMP: methamphetamine; MPH: methylphenidate; MPHUD:
methylphenidate use disorder; NA: not available; ROA: Route of Administration; SD: standard deviation; SUD: substance use disorder; N/A: Not Available; NRT: Nicotine Replacement
Therapy; NRT+: Combination Nicotine Replacement Therapy; VR: varenicline; CAR: Continuous Abstinence Rate; 7PP: Point Prevalence Abstinence; XR-NTX: extended-release
naltrexone; BP-NLX: buprenorphine-naloxone; CIDI: Composite International Diagnostic Interview; ISI: Insomnia Severity Index; ISQ: Insomnia Symptoms Questionnaire; MINI: Mini
International Neuropsychiatric Interview; BSCS: Brief Substance Craving Scale; CCQ-N: Cocaine Craving Questionnaire-Now; HRQ: Health-Related Quality of Life.
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Table 2. Overview of studies recording non-pharmacological management of chronic insomnia associated with stimulant use—a summary of the main findings.

Study Design Sample Features Type of Duration of Type of Stimulant Additional g;:;l;ta(:ms
Study (Gender, Mean . . . Psychiatric Findings Notes
(Country) Intervention Intervention Use Disorder . Related to
Age £ SD) Disorder .
Insomnia
Changes in the
density and
diversity of gut
For sleep quality (PSQI), microbiota in
Probiotic grotp: there were significant chronic use of
Probiotic %a sgie interaction effects of methamphetamine
N =60 with a cap . group and time at Week have been defined
history of more (Lactobacillus Chronic metham- 8(t=—332,B=—183 as contributors to
Badrfam etal, Randomized than 3 years of Acidophilus) M b hetamine use Psychotic p =0.001 d,= 0.89) suci’l anxiety symptoms
2024 [40] controlled trial ~ methamphetamine rlsperl.done. Placebo 8 weeks (hls.tory of >3 years). disorder that individuals in the N/A and insomnia. Out
group: placebo + Patients were bioti P L of
use. Age range risperidone hospitalized probiotic group of a total o
(18-60 yy) Risperi doné dosage experienced greater 76 screened patients,
notps ccified & decreases in sleep 16 patients were
P problems at the end of excluded before the
the trial implementation of
the study due to
not having all the
inclusion criteria
ISI median score
decreased from 18.0 to 12 participants
. . 3.0 (p = 0.012), shifting Irregular sleep completed the full
N =22; median E]i]TeIéﬁss(ezs Siﬁnsefs‘g: 4 weeks (weekly participants from timing, caffeine intervention.
age = 46 years P ’ sessions). Sleep . . moderate/severe use near bedtime,  Dropouts (n = 10)
B 2 by phone). Based Caffeine and Major . . ..
uchanan Pilot stud (range: 30-59); on behavioral assessed at alcohol depressive insomnia to non-clinical  and mental occurred before
etal, 2018 [25] y 77.3% biologically o baseline (Week 1) °p levels and PSQI hyperarousal starting therapy,
. principles (sleep dependence disorder . . . 2.
male; most were low restriction. smulus and post-treatment improved from median (described as mainly in the
income and single ! (Week 6) 11.0 to 6.0 (p = 0.026). unable to empty waitlist phase.

control, sleep hygiene).

Sleep diary showed
increased total sleep
time (6.3 — 6.9 h)

mind)

Participants are
HIV positive.
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- linical
Study Design Sample Features Type of Duration of Type of Stimulant Additional gyll?llpftaoms
Study (Gender, Mean . . . Psychiatric Findings Notes
(Country) Age + SD) Intervention Intervention Use Disorder Disorder Related to
8 Insomnia
Twenty-two
Significant reduction in non-anticipated
ISI scores in the active Difficultv fallin AEs (n = 20 in UK)
VeNS delivered for VeNS group compared aslee sila in, i were reported
N =100; 51 female, L to the sham group after 8 b staying during the
30 min prior to sleep, .G asleep, early . .
49 male; mean age: 5 niohts a week weeks. Significant mornin intervention
Curry et al,, Randomized 48.0 years (SD = 13.9 & ) ’ Caffeine . improvement in PSQI 8 period, and one
. R Active device 8 weeks Mood disorder R R awakening, i K
2024 [28] controlled trial ~ for active group), deli Dependence scores in the active I ! additional serious
elivered 3.5 mA . . dissatisfaction -
48.1 years (SD = 14.1 output while sham group and increases in with slee AE (minor cerebral
for sham group) P total sleep time and . b vascular accident)
device 0 mA . interference with :
decreases in sleep dailv functionin that was not device
latency based on y & related. Adherence
sleep diaries to treatment
was high.
Participants also
used hypnotics
(nitrazepam
zolpidem
zopiclone
propiomazine),
At 4 weeks, there was a sedatives
significant advantage in (alprazolam
ISI ratings for the diazepam
N =120; 82 females,  Patients were . . weighted blanket hydroxyzine
38 males. mean 39.6, randomized (1:1) to Major depressive intervention over the Fatigue, anxiet oxazepam
Ekholm et al Randomized range 18;77 Sleep. ' either a weight'ed Stimulant use disorder, bipolar light blanket (p < 0.001) depl%ess,ion Y promghazine)
v . . : . 4 weeks disorder disorder, . : ’ . . /
2020 [29] controlled trial ~ disturbance Mean metal chain blanket . . The weighted blanket aggression, or anticonvulsants
. . . (methylphenidate)  generalized . . .
duration (years) or a light plastic anxiety disorder  tervention showed a nervousness (lamotrigine
20.2 (SD 15.0) chain blanket y significant advantage for pregabalin
insomnia and valproate),
sleep-related daytime antipsychotics
symptoms (aripiprazole
flupentixol
olanzapine
perphenazine
quetiapine),
antidepressants

(amitriptyline)
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Table 2. Cont.
Clinical
. Sample Features . . Additional
Study Study Design (Gender, Mean Type of ] Duratlon‘of Type o‘f Stimulant Psychiatric Findings Symptoms Notes
(Country) Intervention Intervention Use Disorder . Related to
Age £ SD) Disorder .
Insomnia
At post treatment
(n =43), CBT-I Use of any sleep
participants (M = 28.58, medication:
SD = 2.97) reported trazodone,
greater satisfaction with doxylamine,
treatment than SH Problems fallin melatonin, OTC
participants. CBT-I asleen, stavin & (e.g., diphenhy-
. - . group reported greater b staymg dramine). Motives
Young adults (ages Cognitive Nicotine Depression, o . asleep, and waking
. . . . decreases in insomnia for substance use:
Miller et al., Randomized 18-30 years); Behavioral Therapy 5 weeks Dependence Anxiety severity (—9.61 too early. social anxie
2021 [33] controlled trial 75% female; 73%; all ~ for Insomnia (CBT-I); and Caffeine Disorder, Other y NS Dissatisfaction R ty,
\ . SE =0.84, p < 0.001) than . . depression,
college students 5 weekly sessions Dependence SUD (cannabis) . with sleep, distress,
those in the SH group noticeability. and enhancement.
(—6.68, SE = 0.84, dail mterz;ence treatment compliance
p <0.001; d =1.20). Y is reported for the
CBT-I had an indirect 88% of participants
effect on alcohol-related (25 CBT-I and 24 SH)
consequences through who completed
its influence on insomnia treatment diaries
symptoms
Study identifies
“occult insom-
nia”(dissociation
Procedural learning Objective sleep I . . betwe.e " §ub]ectlve
. . . mpaired vigilance  vs. objective sleep):
interventions worsened with d poor obiective slee
(Sustained abstinence . abstinence (decrease in and p Jective s'eep
N =12 (10 males, . . Cocaine ) procedural deprivation +
. following cocaine IV . total sleep time and .
Morgan etal., Randomized 2 females); Mean D dependence (urine . : learning as unawareness.
) . self-administration: 3 weeks o L N/A increase in latency). .
2006 [24] controlled trial ~ age = 39 years positive)/nicotine . abstinence Sleep spectral
B 32 mg/70 kg dose o Cognitive performance ;
Sb=7) duri > dependence (92%) . . . progressed, analysis showed
uring 2 h binge declined with abstinence articularly at increased slow-wave
sessions on Days 4-6 and has been reported p y . .
and/or Days 18-20) sleep deterioration 14-17 days activity later in
y P abstinence, possibly
mimicking the
feeling of deeper

sleep
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Sample Features Additional Clinical
Study Study Design (Gender, Mean Type of ] Duratlon‘of Type o‘f Stimulant Psychiatric Findings Symptoms Notes
(Country) Intervention Intervention Use Disorder . Related to
Age £+ SD) Disorder Insomnia
SH group: 6 individual
sessions combining Higher sleep efficiency
standard smoking at baseline significantly
cessation counseling predicted smoking
N =29 treatment- and varenicline cessation at end of
seeking smokers; + 20 min sessions of 15 weeks. Varenicline treatment. Sleep
Age range: 21-65 SH counseling, efficiency change: .
ears; Mean incorporating CBT-1 started 1 week +4.3% (quitters) vs Sleep restriction,
Patterson Pilot randomized Z . N: 475 vears rincip les (eg slee before the quit Nicotine N/A _4 9;)/ ((]non— uitte;‘s) trouble falling N/A
etal, 2020 [41]  controlled trial (SgD ?11 '1)'}]520/ lrp1 ierIz o Stil"l‘%t’l’lus P dateand dependence <'0 51 Thege fin din’ S asleep, and early
e yglene, continued for p=Bo & awakenings
female; 90% White; control, and sleep 12 weeks suggest that early
All smoked > 8 restriction). GH improvements in
cigarettes/day group: 1n}:at§thd objective sleepk?ealth
general healt may support abstinence
education (e.g., and improve sleep
Alzheimer’s, performance
dental care)
More sessions
were associated
with better sleep
rTMS targeting the quality. The mean
left DLPFC. 15 Hz PSQI scores improved nun’fber of days of
. A cocaine use decreased
N = 87 patients frequency. significantly after rTMS o
. significantly from
(2 females, 2400 pulses per treatment, with scores
. les): . . . . . sonificantly 1 h 19.17 days
Pérez et al Retrospective 85 males); mean age:  session. Patients Cocaine use Depression significantly lower than (SD + 11.45)
2020 [23] i observational 37.67 years received 2 sessions/ 90 days disorder (urine disorder, anxiety ~ baseline at Day 5 N/A 71.9% of . a ti.ents
study (SD =7.53). day for the first positive) disorder (5.09 £ 3.33), Day 30 wére;bst}ijnent
Participants aged 5 consecutive days (5 £ 3.13), Day 60 durine the first
22 to 57 years (10 sessions), then (5.28 £ 3.47), and Day 90 &

2 sessions/week for
the next 12 weeks

(6.12 £ 3.32)

30 days and 66.1%
at the end of
treatment. Greater
cocaine use was
associated with
worse sleep quality
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Table 2. Cont.
Clinical
. Sample Features . . Additional
Study Study Design (Gender, Mean Type of ] Duratlon‘of Type o‘f Stimulant Psychiatric Findings Symptoms Notes
(Country) Intervention Intervention Use Disorder . Related to
Age £+ SD) Disorder .
Insomnia
Psychoeducation, Most pzrticépants
. reported reductions in - o
e restictn iommia smpons Crepuicpan 100
. ’ while in CC treatment. &
cognitive A ticipant before the
restructuring mong participants intervention
N =21(10in gCBT-I, and relaxatio;l with ISI scores beyond began. Six
. B 8 ’ - Delivered in Cocaine depen- admission, insomnia gan- o
Speed et al., Randomized 11 in SOC). Gender techniques. . L . participants (60%)
. e . 6 weekly 90 min dence/nicotine N/A severity decreased below N/A .
2022 [38] controlled trial ~ and specific mean Comparisons of . L were discharged
/3D not ided . based group sessions dependence or at the clinical cutoff befor mpletin
ETETEE Cognitive for mild insomnia the intervention;
Bel%avioral Thera (ST < 8) in 4 out of BT-I partici al{ts
for Insomnia to PY 5 individuals in the §§m lert)ed anp
Standard of 8CBT1 group, compared aver;9 e of 5 sessions
Care (SOC) with one out of 4 indi- 8
viduals in the SOC group
High-frequency
(10 Hz) r'TMS rTMS improved
applied over 5 days (daily cognitive performance in ~ Mild side effects The stud
left DLPFC: sessions); pre- and Methamphetamine verbal memory, social included scalp su orts};a fot
Suetal., Randomized N = 30 males; Age: 5 sessions (1/day), post-treatment Use (M AP) N/A cognition and sleep discomfort, anIZlI?a ficacy o fy
2017 [22] controlled trial ~ 32.35 & 4.96 years 8 min each, 1200 pulses  assessments - performance. After temporary jleacy o
. o s Disorder . rTMS in insomnia
per session at 80% conducted within 5 sessions, real rTMS headache, atients with MA
resting motor 3 weeks also significantly and nausea P

threshold (rMT).
(15 real rTMS, 15 sham)

reduced craving
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Table 2. Cont.
Clinical
. Sample Features . . Additional
Study Study Design (Gender, Mean Type of ] Duratlon‘of Type o‘f Stimulant Psychiatric Findings Symptoms Notes
(Country) Intervention Intervention Use Disorder . Related to
Age £+ SD) Disorder .
Insomnia
CBTi group showing
significant improvements
Cognitive Behavioral in sleep efficiency from
Therapy for pretreatment to post
N = 151; active duty Insomnia Dl.sorder treatment compared Fatigue, 6§ comp.leted the
. (CBT-]). and included with the control group. trial while 8 lost
US Army soldiers. he followi Similar eff symptoms of
The mean age was the following Anxiety and imilar etfects were depression post-treatment
Taylor etal, =~ Randomized components: 6 weeks (60 min Caffeine . found for the components . . and 5 declined to
.. . 32.44 years, 82 . . depressive _ anxiety and PTSD. .
2018 [35] clinical trial stimulus control sessions) dependence . of sleep efficiency, sleep participate. 2 lost
percent were male, . disorder Reduced
sleep restriction, latency, number of L. contact and 1
and 45 percent were . . motivation and .
: sleep hygiene, awakenings, wake after .. noncompliance
Caucasian : [ - activity. .
relaxation training sleep onset. CBTi group with protocol
and cognitive showing significant
restructuring improvements for
total sleep time over time
compared with the control.
Of the 24 patients
that were included
The TG showed in the 'study,
. 16 subjects completed
improved neural .
- ; the study period.
function reducing . .
- . . Three patients in
anxiety and insomnia, the TG dropped
o while the CG reduced .oPP
TG: (85-90% of Anxiety disor- only anxiety. The level of out of clinical
. . N =24, Maximal strength 1 RM) 3 times/ Amphetamine de- Y C180 onty andety. A treatment. In the
Unhjem etal, Randomized L - der/depression/  insomnia significantly .
. 16 males, 8 females.  training of lower week. CG: pendence/cocaine : . . N/A CG 5 subjects
2016 [39] controlled trial >, . schizophrenia/ decreased only in the TG
Mean age: 32 + 8 extremities conventional dependence bi . ! dropped out;
.. R ipolar disorder  (p < 0.05). While the :
clinical activities . 3 patients
level of depression
dropped out of

tended to decrease in
both groups (p = 0.11 for
the TG and p = 0.10 for
the CG)

clinical treatment,
1 patient could not
complete the testing
procedure and

1 patient died

from drug overdose
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Table 2. Cont.
Clinical
. Sample Features . . Additional
Study Study Design (Gender, Mean Type of ] Duratlon‘of Type o‘f Stimulant Psychiatric Findings Symptoms Notes
(Country) Intervention Intervention Use Disorder . Related to
Age £ SD) Disorder .
Insomnia
There were
Electro-acupuncture 4;:;;23;‘?\;2;6“&
effectively improved panhents,
. patients due to
symptoms of anxiety, o
depression and criminal cases,
N = 68; males. Mean  Electro-acupuncture X cepress) h and 2 acupuncture
age: 36.45 £ 1.57 (EA) group: 20 min 4 weeks Anxiety Disor- insomnia. For the fainting patients
Zengetal.,, Randomized ge: b L ) " (3 times/week Methamphetamine . HAMD sleep disorders . i
. MA abuse duration ~ Sham electro- . der/Depressive . N/A which resulted in
2018 [36] controlled trial (Monday, Wednesday, addictions (MA) X score, the curative effect
(months): acupuncture (sham-EA) . Disorder a total of 64
. and Friday) of the EA group was .
82.00 + 66.55 group: 20 min. patients who
better than that of the
sham-EA group after actually completed
receiving 4 weeks of the study (31 cases
& of the EA group

treatment

and 33 cases of the
sham-EA group)

Abbreviations: ADHD: Attention Deficit Hyperactivity Disorder; AMP: amphetamine; AMPUD: amphetamine use disorder; CBT: Cognitive Behavioral Therapy; CUD: cannabis
use disorders; MDD: major depression disorder; DSM: Diagnostic and Statistical Manual of Mental Disorders; MethAMP: methamphetamine; MPH: methylphenidate; MPHUD:
methylphenidate use disorder; N/A: not available; ROA: Route of Administration; SD: standard deviation; SUD: substance use disorder; PSG = polysomnography; EEG = elec-
troencephalogram; REM = Rapid Eye Movement sleep; SQQ = Sleep Quality Questionnaire; MST = Motor Sequence Task (sleep-dependent learning test); CDR = Cognitive Drug
Research battery; VAS = Visual Analog Scale; rTMS = Repetitive Transcranial Magnetic Stimulation; ISLT = International Shopping List Task; HAMD = Hamilton Depression Scale;
PSQI = Pittsburgh Sleep Quality Index; rMT = Resting Motor Threshold; TST: total sleep time; SL: sleep latency; DLPFC: left dorsolateral prefrontal cortex; TG and CG: training group
and control group; VeNS: electrical vestibular nerve stimulation; BBTI: Brief Behavioral Treatment for Insomnia; SH: sleep health interventions; GH: general health interventions.
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Figure 2. Prevalence of the type of dependence reported among patients with chronic insomnia and
stimulant use disorder (N Tot = 7848).

In order to quantify the co-occurring Substance Use Disorders: Nicotine Depen-
dence (N = 3856/7848 individuals), Cocaine Dependence (N = 979/7848 individu-
als), Amphetamine Use Disorder (N = 297/7848 individuals), Caffeine Dependence
(N =1700/7848 individuals), Alcohol Use Disorder (N = 784 /7848 individuals), Opioid
Dependence (N = 115/7848 individuals), Methylphenidate use (N = 120/7848 individuals)
and Heroin Dependence (N = 7/7848 individuals).

3.4. Anxiety, Depressive Disorder, and Other Psychiatric Comorbidities

Among the included studies, a proportion of patients presented comorbid psychiatric
conditions, mainly anxiety and depressive disorders. Specifically, 53.2% of patients had a
depressive disorder and 34% presented with an anxiety disorder, while other psychiatric
disorders such as bipolar disorder (5.6%), mood disorder (3.9%), psychotic disorder (2.3%),
and schizophrenia (0.9%) were less frequently reported. These comorbidities were consid-
ered in some studies as potential confounding variables, whereas in others they were not
systematically assessed. Overall, comorbid psychiatric conditions emerged as a recurrent
feature in the examined populations, with depressive and anxiety disorders representing
the most consistently reported diagnoses.

Depressive disorder was reported in seven studies [23,29,30,32,34-36], anxiety dis-
order in eight studies [23,29,30,32,34-36,39], and major depressive disorder in four
studies [25,29,32,34]. Bipolar disorder was reported in two studies [29,39], psychotic disor-
der in one study [40], and generalized anxiety disorder in one study [29]. Figure 3 describes
the co-occurrence of psychiatric disorders in patients with insomnia and associated stimu-
lant use disorder.

In conclusion, the number of individuals with co-occurring psychiatric diagnoses
was as follows: depressive disorder (N = 1364/2563 individuals), anxiety disorder
(n = 861/2563 individuals), bipolar disorder (n = 144/2563 individuals), mood disorder
(n =100/2563 individuals), psychotic disorder (n = 60/2563 individuals) and schizophrenia
(N =24/2563 individuals).
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Mood Disorder

3.9%
Schizophrenia

1.0%
Psychotic Disorder

2.3%
Bipolar Disorder
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Anxiety Disorder

Depressive Disorder

53.2%

34.0%

Figure 3. Frequency of psychiatric comorbidity in patients with chronic insomnia and stimulant use
disorder (N Tot = 2563).

4. Discussion

This systematic review examined 20 articles related to pharmacological and non-
pharmacological interventions for chronic insomnia and associated stimulant use disorder.
The study types ranged from 15 RCTs to pilot, observational, and retrospective studies (one
pilot RCT, two pilot studies, one retrospective observational study, and one observational study).

4.1. Characteristics of Study Populations

The demographic characteristics of participants varied widely, reflecting both young
and adult populations. Many studies reported a male predominance [22-26], while others
showed a higher female presence [27-30,32-34]. The most frequently reported additional
psychiatric diagnoses included depression disorder [23,29,30,32,34-36] and major depres-
sive disorder [25,29,32,34]. Also, anxiety disorder [23,29,30,32,34-36] and generalized
anxiety disorder [29] have been reported in the study population. Finally, bipolar disor-
der [29,39] and psychotic disorder [40].

Among stimulant use disorder and other SUD, the most commonly reported were
Nicotine Dependence, reported in eight articles [24,27,30-33,38,41], cocaine dependence,
found in nine articles [23,24,26,37-39], amphetamine use disorder, described in four arti-
cles [22,36,39,40] and caffeine dependence, mentioned in four articles [27,28,33,35]. Other
SUDs reported included alcohol use disorder in two articles [25,26], opioid dependence in
one article [34], and cannabis use disorder in one article [33].

4.2. Main Pharmacological Approaches to Insomnia in the Context of Stimulant Use

It is essential to acknowledge that several pharmacological options are widely used in
clinical practice for insomnia in patients with stimulant use disorder [42].

(1) New-generation benzodiazepine receptor agonists, known as Z-drugs (including
zolpidem, zopiclone, eszopiclone, and zaleplon), demonstrated significant efficacy
in the acute treatment of insomnia. Among the most relevant adverse events
that emerged were an increased risk of anterograde amnesia, daytime somnolence,
and fatigue [42].
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(2) Second-generation antipsychotics (SGAs) such as quetiapine, promazine, and per-
phenazine are often used for their sedative properties. While not specifically approved
for primary insomnia, their sedative effects make them appealing to quickly stabilize
a patient’s sleep—wake cycle. Quetiapine, for example, at doses lower than those
used for psychosis, acts as a potent sedative-hypnotic. However, its use in patients
with stimulant use disorder raises concerns due to potential side effects like excessive
daytime sedation, weight gain, and long-term metabolic risks [43]. Chlorpromazine
and perphenazine are first-generation antipsychotic drugs used to manage and treat
schizophrenia, bipolar disorder, acute psychosis, and severe agitation [44]. Being a
low-potency typical antipsychotic, it primarily causes dry mouth, dizziness, urine
retention, blurred vision, and constipation by blocking the muscarinic receptor. When
administered as intramuscular or intravenous injections, it may cause hypotension
and headache. Despite being a low-potency drug, chlorpromazine can still cause
extrapyramidal side effects (EPS) such as acute dystonia, akathisia, parkinsonism, and
tardive dyskinesia (TD) [45].

Overall, the presence of dual diagnosis, referring to a combination of an SUD and
mental disorders that occur in the same patient simultaneously, poses significant clinical
and healthcare impacts and is often underdiagnosed, undertreated, and complex to manage.
Indeed, among SGAs, aripiprazole was the most used drug in this specific population, either
orally or by long-acting formulations, followed by risperidone with oral and long-acting
formulations, clozapine, olanzapine, and quetiapine [46].

(3) Among antidepressants with sedative properties used for insomnia, trazodone is one
of the most commonly prescribed non-benzodiazepine hypnotics, often used at low
doses for its strong sedative action. It offers an alternative to benzodiazepines with a
lower risk of dependence, making it a seemingly preferable choice for patients with a
history of substance use, but its long-term efficacy and side effects, such as orthostatic
hypotension, must be considered [47].

(4) Agomelatine, with its unique mechanism of action on melatonin and serotonin recep-
tors, has properties that could theoretically resynchronize circadian rhythms. It is a
melatonergic agonist and a 5SHT2c antagonist. The melatonergic function appears to
improve sleep patterns, whereas the serotonergic antagonism results in the release of
norepinephrine and dopamine [48].

(5) The use of benzodiazepines is widespread for insomnia, despite clear contraindi-
cations for individuals with a history of substance use disorder. Benzodiazepines
enhance the effects of GABA, a neurotransmitter that inhibits nerve activity, reducing
sleep onset latency and increasing sleep duration. While their short-term efficacy in
reducing anxiety and inducing sleep is undeniable, the risk of dependence, tolerance,
and abuse is extremely high. Their use is only recommended for <4 weeks due to
unproven long-term efficacy in the treatment of chronic insomnia and the risk of
tolerance and the potential for dependence and misuse. Prescribing benzodiazepines
to patients with stimulant dependence can lead to a dangerous addiction or polydrug
dependence [49].

Current guidelines recommend Cognitive Behavioral Therapy for insomnia (CBT-I)
as the first-line treatment. Pharmacological recommendations by European guidelines for
the treatment of insomnia disorder include positive GABAergic modulators such as short-
and medium-acting benzodiazepines and “Z-drugs” (eszopiclone, zaleplon, zolpidem,
and zopiclone), dual orexin receptor antagonists (DORAs; daridorexant), and melatonin
receptor agonists (melatonin 2 mg prolonged release—PR). To avoid the risk of addiction
and tolerance, discontinuation of benzodiazepines should be gradual, with dose reductions
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of 10-25% each week. CBT-I, daridorexant, eszopiclone, and melatonin were shown to
facilitate the gradual discontinuation of benzodiazepines within a cross-tapered program,
which can be delayed when necessary [50]. Widespread prescription of benzodiazepines,
the related abuse risk, and the side effect profile, particularly in specific populations, should
encourage implementation of specific training interventions in order to minimize the risk
of misuse by patients and the risk of malpractice for prescribers. Short-acting BDZs are
efficacious for short-term insomnia (<4 weeks), associated with a reduction in nocturnal
wake time and subjective improvements in quality and depth of sleep. The risk-benefit
ratio is positive in most sleep-disordered patients in the short term but is unestablished in
the long term [51].

4.3. Summary of Findings: A Comprehensive Review of Treatment Modalities

(1) In the present review, modafinil was investigated in one study. It is a non-
amphetamine central nervous system stimulant and weak inhibitor of dopamine
reuptake, but also it has been found that it is able to increase signaling in the hypotha-
lamic orexin and histamine neurotransmitter pathways. Modafinil is absorbed after
oral administration and cannot be administered intravenously. United States Food
and Drug Administration-Approved (FDA) indications are narcolepsy, sleep-work
shift disorder, and obstructive sleep apnea, but there are also off-label indications
such as attention-deficit hyperactivity disorder and cocaine dependence [52]. Ac-
cording to the European Medicines Agency (EMA), modafinil is not approved for
obstructive sleep apnea and sleep—work shift disorder but only for narcolepsy. Partici-
pants treated with modafinil experienced a rebound in REM sleep, reporting sleep
misperception and overestimation. In addition, according to the study reviewed,
modafinil was mainly employed in the treatment of patients with chronic insomnia
and associated cocaine dependence as stimulant use disorder. Modafinil, a wake-
promoting agent primarily indicated for disorders characterized by excessive daytime
sleepiness such as narcolepsy, was used instead to address the complex sleep—wake al-
terations observed in individuals with chronic cocaine dependence during abstinence,
a phenomenon called “occult insomnia.” During abstinence, these individuals often
manifest a paradoxical combination of fragmented and non-restorative nocturnal
sleep, coupled with marked daytime sleepiness, persistent fatigue, and cognitive
deficits. Modafinil exerts its wake-promoting effects through intricate mechanisms,
including increasing extracellular levels of dopamine, norepinephrine, histamine, and
orexin in specific brain regions such as the hypothalamus and nucleus accumbens [53].
Modafinil was utilized to optimize the quality of daytime wakefulness. By enhancing
alertness and reducing residual daytime sleepiness, modafinil can contribute to a
more stable wakefulness during the day [54]. Concluding, modafinil showed better
efficacy in improving sleep phase, especially if associated with a cessation of cocaine
use, confirming an improvement of insomnia [37].

(2) Another intervention analyzed in the study was naltrexone /buprenorphine-naloxone.
Naltrexone is an opioid antagonist approved by the FDA to treat alcohol use disorder
opioid dependence and is currently being studied in heroin dependence. EMA-
approved indications are for management of weight and are not approved as inde-
pendent therapy for opioid dependence and alcohol use disorder. Naltrexone blocks
the effect of opioids and prevents opioid intoxication and physiologic dependence on
opioid users [55]. Instead, buprenorphine is a synthetic opioid and partial agonist at
the mu receptor used to treat chronic pain and opioid use disorder according to the
indications of the FDA. When combined with buprenorphine, naltrexone selectively
activates kappa receptors without stimulating the opioid receptors, allowing them to
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reduce compulsive cocaine use without leading to opioid addiction [56]. Naloxone op-
erates as a competitive antagonist to the p-opioid receptor indicated for the treatment
of opioid toxicity, approved both by EMA and FDA, specifically to reverse respiratory
depression from opioid use [57]. Particularly, XR-NXT and BP-NLX have been used
in a population with heroin dependence, methamphetamine dependence, and opioid
dependence [34], where it has been found that the insomnia score was significantly
lower in the XR-NTX group compared to the BP-NLX group [34]. This intervention
demonstrated that the extended formulation of naltrexone is effective in reducing the
burden of insomnia. When comparing treatment outcomes between modafinil and
naltrexone/buprenorphine, the latter intervention generally demonstrates superior
efficacy, particularly in the population affected by methamphetamine dependence.
Modafinil, a wake-promoting agent, has shown some promise in addressing stimulant
use disorders, such as cocaine and methamphetamine dependence, but its role in in-
somnia patients is limited. Its mechanisms include alleviating withdrawal symptoms,
reducing cravings, and improving cognitive function [58].

Varenicline acts as a partial nicotine receptor agonist similar to cytisine, demonstrat-
ing a high affinity for the 042 subtypes of nicotinic acetylcholine receptors. The
FDA-approved indications are mainly smoking cessation and dry eye, while EMA-
approved indications are only for smoking cessation [59]. Varenicline and NRT+
were more effective on insomnia symptoms than NRT alone. The use of nicotine
patches significantly improved sleep performance and insomnia symptoms, especially
in night smokers [31]. However, it has been observed that patients may experience
increased sleep disturbance after quitting, suggesting that smoking cessation may
exacerbate withdrawal-related sleep problems in the early phase. According to these
results, it should be considered that this intervention in particular may initially worsen
sleep quality, which should then require a more focused approach during its early
phase [30-32].

Ramelteon has been used in a population with nicotine dependence and associated
high caffeine consumption, showing significant improvements in ISI scores, increas-
ing satisfaction with sleep patterns, improving the difficulty of staying asleep, and
decreasing the interference with daily functioning [27]. Ramelteon acts on melatonin
receptors, which are known to be involved in the modulation of the normal sleep—
wake cycle. The suprachiasmatic nucleus (SCN) controls circadian rhythms of sleep
and wakefulness and is the location of most of the melatonin receptors. Ramelteon
binds to the MT1 and MT2 melatonin receptors in the SCN, inhibiting neuronal firing
and thereby enabling the homeostatic mechanism to promote sleep. The affinity of
ramelteon for the MT1 and MT2 receptors is 3 to 16 times higher than that of en-
dogenous melatonin. Ramelteon is the only melatonin agonist currently indicated
for the treatment of insomnia, according to the FDA, while it is not approved by
the EMA [60]. Varenicline combined with NRT and ramelteon has demonstrated
good efficacy, particularly in the study population affected by chronic insomnia and
nicotine dependence as stimulant use.

rTMS was investigated in more studies. The use of high-frequency (10 Hz) rTMS
over the left dorsolateral prefrontal cortex (DLPFC) improved cognitive performance,
social cognition, and sleep performance, also significantly reducing craving after
5 sessions. PSQI scores improved significantly with more sessions associated with
better sleep quality [22,23]. Intervention also reported good results addressing cocaine
dependence, decreasing the mean number of days of cocaine use from 19.17 days
(SD =+ 11.45). 71.9% of patients were abstinent during the first 30 days and 66.1% at
the end of treatment. TMS interconverts electrical and magnetic energy to induce
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electromagnetic phenomena. An electromagnetic coil is placed on the scalp, and
an effective pulsatile magnetic field that depolarizes cortical neurons is generated
for a brief duration of time. Patients who underwent stimulation of the left DLPFC
showed a drop in salivary cortisol level in the morning [61]. A dysregulation of
the hypothalamic—pituitary—adrenal axis (HPA) could provoke acute increases in
arousal or reactions of metabolic systems during the night. These disruptions in
cortisol secretion during the night may contribute to perceptions of worse sleep
quality [62]. In conclusion, rTTMS, by acting on the HPA, may be used to reduce the
burden of insomnia. r*TMS has shown promising results also in patients with stimulant
use disorder, such cocaine use disorder, reducing cocaine craving and consumption
with also great improvement in depressive symptoms. rTMS effectiveness has been
demonstrated by the substantial decrease in the number of days per week of cocaine
use after 20 sessions of treatment [63].

CBT-I was broadly effective: most participants reported reductions in insomnia symp-
toms. Brief Behavioral Treatment for Insomnia (BBTI) decreased the ISI median score
from 18.0 to 3.0 and improved the PSQI from 11.0 to 6.0, substantially decreasing
the impact of insomnia on daily life. CBT-I participants showed greater satisfac-
tion with treatment and significant improvements in sleep efficiency, sleep latency,
number of awakenings, wake after sleep onset, and total sleep time compared to the
control group. Treatment compliance is very high and in one study reaches 88% of
participants [33]. SH counseling incorporating CBT-I principles led to early improve-
ments in objective sleep health, which may support abstinence and improve sleep
performance [25,29,33,38].

Regarding exercise/physical activity, maximal strength training of lower extremities
and VeNS significantly decreased insomnia levels, improving neural function and
reducing anxiety. Weighted blankets demonstrated a significant advantage in ISI
ratings over light blankets after 4 weeks, showing benefits for insomnia and sleep-
related daytime symptoms [28,39,41]. Finally, EA demonstrated an improvement in
the symptoms of anxiety, depression, and insomnia, with a better curative effect on
HAMD sleep disorder scores [36]. Its mechanism consists of using low frequency
(2 Hz) and high frequency (100 Hz) to selectively induce the release of enkephalins and
dynorphins, and it has demonstrated effectiveness for the treatment of various types
of pain, depression, anxiety, spinally induced muscle spasm, stroke, gastrointestinal
disorders, and drug addiction [64].

Lastly, the use of probiotics demonstrated that individuals experienced greater de-
creases in sleep problems at the end of the trial (week 8) compared to the placebo
group, suggesting their feasibility in improving sleep quality. Probiotic supplementa-
tion can positively impact various psychiatric symptoms such as sleep, depression,
and psychotic symptoms [65].

Probiotics were utilized in individuals with methamphetamine dependence [40].

CBT was applied in contexts of nicotine, caffeine, and cocaine dependence [33,35,38,41].
The Brief Behavioral Intervention (BBTI) was employed for caffeine and alcohol depen-

dence [25]), and VeNS was investigated only in patients with caffeine dependence [28].

Weighted blankets were explored in patients with methylphenidate use [29], and procedural

learning interventions were applied in cases of cocaine and nicotine dependence [24]. TMS

was utilized in the treatment of cocaine and methamphetamine dependence [22,23]. Fur-

thermore, EA was used in methamphetamine dependence [36], and finally, lower extremity

training was explored in populations with amphetamine and cocaine dependence [39].
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4.4. Impact of Insomnia on Stimulant Users

Several studies noted that sleep disturbance can be exacerbated during the early phase
of stimulant withdrawal or during treatment for stimulant use disorder [24,30]. Occult
insomnia has been reported in two studies and refers to the dissociation between subjective
and objective sleep, where objective sleep worsened with abstinence, but participants were
unaware of it [24,37]. Factors like caffeine used near bedtime and mental hyperarousal
were identified as contributing to sleep problems [25]. The co-occurrence of night smoking
and poor sleep predicted significantly worse smoking outcomes [31]. Changes in gut
microbiota were also suggested as contributors to anxiety and insomnia symptoms in
chronic methamphetamine use [40].

Insomnia is characterized by persistent difficulty with sleep initiation, duration, con-
solidation, or quality, representing a pervasive public health concern with significant
consequences. Its prevalence is notably high, impacting a substantial portion of the global
population, and its chronicity often leads to a cascade of adverse health outcomes [66].
Untreated insomnia is associated with a heightened risk of various medical comorbidities,
including cardiovascular diseases, metabolic disorders, and chronic pain syndromes [67].
Furthermore, it profoundly impacts mental health, frequently co-occurring with psychiatric
disorders including depression, anxiety, bipolar disorder, and psychotic disorder.

The functional impairments rising from chronic insomnia extend to impaired cognitive
function, reduced productivity, increased accident risk, and a significant deterioration
in overall quality of life [68]. Commonly reported clinical symptoms were difficulty
falling asleep, impaired vigilance, poor procedural learning, abnormal dreams, and night
awakenings, along with aggressiveness and nervousness [26,28,33]. The complexity of
insomnia is further compounded in populations with co-occurring SUDs, particularly those
involving stimulant use. Stimulants, by their very nature, directly interfere with sleep-wake
cycles and neurotransmitter systems crucial for sleep regulation. Chronic stimulant use
can induce or worsen insomnia through various mechanisms, including prolonged central
nervous system activation, withdrawal-related dysphoria, and disruption of circadian
rhythms [69]. The occurrence of double diagnosis was very high; co-occurring SUD were
commonly reported among the majority of the participants in the study, such as nicotine
dependence, cocaine dependence, amphetamine use disorder, caffeine dependence, alcohol
use disorder, and opioid dependence.

This bidirectional relationship creates a condition where untreated insomnia can
decrease the chance of recovery from stimulant use disorder, increasing the risk of relapse,
while ongoing stimulant use perpetuates sleep disturbances. Data from trend analyses,
such as those from Google Trends, reports a growing public awareness and search interest
in sleep problems, reflecting the rising recognition of insomnia as a significant health issue
that often coexists with other conditions [70].

4.5. Influence of Anxiety and Depressive Disorders on Therapeutic Response

The presence of psychiatric comorbidities, particularly anxiety and depressive disor-
ders, may significantly influence treatment outcomes. Patients with such conditions are
often at higher risk of poor adherence, reduced response to pharmacological interventions,
and greater functional impairment compared to those without psychiatric disorders. Evi-
dence from late-life depression suggests that comorbid anxiety is associated with slower
treatment response and increased relapse risk, underlining the negative prognostic value
of such conditions [71]. Similarly, in the context of insomnia, the presence of anxiety or de-
pressive disorders has been shown to moderate treatment outcomes: partial interventions,
such as cognitive therapy alone or behavioral therapy alone, may be less effective, whereas
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full cognitive-behavioral therapy for insomnia (CBT-I) maintains its efficacy even in the
presence of psychiatric comorbidities [72].

A more recent study has extended these findings, demonstrating that CBT-I1 applied
to patients with generalized anxiety disorder not only improves sleep but also produces
significant reductions in anxiety and depressive symptoms, supporting the dual benefit of
integrated interventions [73]. Moreover, clinical recommendations emphasize that insomnia
should be addressed as a distinct condition even when it co-occurs with depression or
anxiety, as targeted treatment may improve both sleep and psychiatric outcomes [74]. Taken
together, these results suggest that psychiatric comorbidities can negatively affect outcomes
if not properly managed but also highlight the potential of integrated or transdiagnostic
approaches in improving prognosis.

4.6. Clinical Implications of Insomnia and Stimulant Use Management

Given the interconnected nature of insomnia and stimulant use, an integrated treat-
ment approach is recommended. Addressing sleep disturbances in this vulnerable popula-
tion is not only about improving sleep quality; it is a critical component aiming at reducing
psychiatric symptom burden, preventing relapse, and enhancing overall well-being.

While pharmacological options such as ramelteon show promise, and certain agents
like modafinil may require careful consideration due to mixed effects on insomnia, non-
pharmacological interventions, particularly CBT-I and rTMS, appear to be consistently
effective and safe with minimal risk of adverse events. The high adherence rates often
observed in non-pharmacological interventions further support their feasibility in this
population. Addressing underlying psychiatric comorbidities and other substance depen-
dencies is also crucial, as these factors significantly influence both insomnia presentation
and treatment outcomes.

It is important to highlight that the analyzed treatments have shown efficacy only in
specific clinical contexts and depending on the type of SUD. For instance, modafinil has
been primarily used in patients with cocaine dependence, while naltrexone /buprenorphine
has been applied mainly in individuals with nicotine and opioid dependence. Similarly,
non-pharmacological interventions such as TMS, CBT-I, or probiotics have been studied in
subgroups with different substance dependencies (e.g., nicotine, caffeine, methylphenidate).
This underscores that the effectiveness of each treatment may vary significantly depending
on the type of substance abused, suggesting the need for a personalized and substance-
specific therapeutic approach.

5. Strengths and Limitations of the Study

This systematic review investigates both pharmacological and non-pharmacological
interventions for the management of chronic insomnia, specifically within the context of
individuals with stimulant use disorder. By synthesizing data from 20 original studies,
this review highlights the significance of understanding the different range of available
treatments and their efficacy in this complex population. The novelty of the findings
underscores the urgent need for healthcare providers to recognize the interconnected
nature of insomnia and stimulant use, with the aim of contributing to developing integrated
management strategies. Given the substantial health risks associated with chronic insomnia
and stimulant use, including exacerbation of psychiatric symptoms and increased risk of
relapse, the data presented in this study provide an essential foundation for developing
strategies aimed at improving patient care, treatment protocols, and psychoeducation.
However, certain limitations must be acknowledged. There is a potential for publication
bias, as the review primarily included studies published in English, which may have
resulted in the exclusion of relevant research available in other languages. Moreover, the
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heterogeneity of study designs, stimulant types, and intervention protocols across the
included articles makes direct comparisons challenging and limits the generalizability of
findings. The varied outcome measures and assessment tools used for insomnia further
complicate data synthesis. Some studies had relatively small sample sizes or lacked robust
control groups, which might impact the strength of their conclusions. These factors may
limit the overall generalizability of the findings to the broader population of individuals
with chronic insomnia and stimulant use disorder. Nonetheless, the results derived from
this review can be used for future research and to underline the need for careful monitoring
and focused interventions for individuals with chronic insomnia and stimulant use disorder.

6. Conclusions

In conclusion, the management of insomnia in individuals with stimulant use disorder
requires an integrated and individualized treatment strategy targeting both sleep distur-
bances and the underlying addiction. Among pharmacological options, ramelteon emerged
as a promising agent due to its favorable safety profile and effectiveness in improving
sleep indices. Conversely, while modafinil demonstrated potential benefits in reducing
craving and promoting abstinence, its paradoxical effects on sleep underscore the need
for patient-specific monitoring. Non-pharmacological interventions, particularly CBT-I
and r'TMS, consistently showed significant efficacy with minimal side effects and high
adherence. Their capacity to improve both sleep and craving suggests that they may be
employed as therapeutic intervention in this population. Other innovative strategies such
as EA, weighted blankets, VeNS, and probiotics offer additional, non-invasive approaches
that may be especially useful in patients with high psychiatric comorbidity or sensitivity
to medications.

Insomnia is not only a secondary symptom but also a critical concern, especially in
patients with stimulant dependence. Its persistence is associated with higher anxiety and
depression scores, increased relapse risk, and poorer quality of life. Therefore, insomnia
should be carefully assessed and treated rather than being considered a background symp-
tom. When employing these interventions, always consider that the treatment response is
influenced by demographic and clinical factors, including age, comorbid substance use,
employment status, and prior sleep medication use, suggesting that applying the same
schedule to all patients is not the solution. Tailoring interventions to individual profiles and
combining pharmacological and non-pharmacological strategies with regular monitoring
offers the most effective approach.
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