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Background: Substance use and sleep problems are
common in patients with psychotic disorders, but their
associations in these patients have not been evaluated.
We aimed to investigate associations between substance
use and sleep problems in a large nationwide cohort of
patients with a psychotic disorder.Study Design: This
study is part of the Finnish SUPER study, which belongs
to the Stanley Global Neuropsychiatric Genomics
Initiative. In this cross-sectional, multicenter study,
participants (N = 8616) were recruited from primary
and specialized healthcare. Patients with schizophrenia,
schizoaffective disorder, bipolar disorder, and psychotic
depression were included. Information on current alcohol
(Alcohol Use Disorders Identification Test-Concise)
and cigarette use as well as on lifetime illicit drug use,
including cannabis, benzodiazepines, amphetamines,
and opioids, was collected using questionnaires. The
sleep outcomes in our logistic regression analysis were
short (<6 h) and long sleep (210 h) duration, difficulties
initiating asleep, early morning awakenings, fatigue, and
poor sleep quality (SQ).Results: Self-reported substance
use was associated with a higher prevalence of sleep
problems. After adjustments with age, gender, diagnostic
group, and living status, hazardous alcohol use (eg, poor
SQ odds ratio [OR] = 1.80, 95% CI: 1.49 to 2.16, P <
.001), current smoking (short sleep duration OR = 1.28,
95% CI: 1.08 to 1.52, P = .005), and lifetime benzodiaz-
epine misuse (difficulties initiating sleep OR = 2.00, 95%
CI: 1.55 to 2.48, P < .001) were associated with sleep
problems.Conclusions: Substance use was associated
with sleep problems. Our findings underline the potential

benefits of screening substance use when treating sleep
problems in patients with psychotic disorders.
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Introduction

Sleep problems are highly prevalent in patients with
psychotic disorders.! The patients have both increased
frequency of insomnia symptoms, such as difficulties
initiating sleep (DIS), and early morning awakenings
(EMAs), but also hypersomnia symptoms, with some
patients simultaneously experiencing long sleep duration
(long SD) and fatigue (FAT).>* The prevalence of sleep
problems varies depending on, eg, the diagnostic group,
gender, and age. In our previous study, we showed that in
this sample of patients with psychotic disorders, women
had more sleep problems, and that younger age generally,
except for EMAs, is associated with more sleep problems.
Patients with affective disorders had more insomnia
symptoms compared to patients with schizophrenia.®
Poor sleep is associated with worse prognosis and higher
relapse risk and symptom severity in patients with psy-
chotic disorders.!>¢ Sleep problems belong to the core
symptoms of psychotic disorders,! but there have also
been findings of a range of both sleep disorders, such as
sleep apnea,’ and lifestyle factors being associated with
sleep problems in these patients.®

Substance use is known to be associated with sleep
problems in the general population.®!® Nicotine is asso-
ciated with shortened sleep duration (short SD), DIS,
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EMAs, and increased daytime sleepiness,'' and the ef-
fect seems to be dose-dependent.'>!3 In former smokers,
sleep is reminiscent of nonsmokers.'* Acute administra-
tion of high alcohol doses decrease prevalence of DIS,
but increases prevalence of EMASs."> The decreased
prevalence of DIS can diminish in as few as 3 days of
continued alcohol use.!® In chronic use, DIS and EMAs
become more common, and total sleep time shortens.'®
Regarding the associations between cannabis use and
sleep problems, occasional use does not seem to be as-
sociated with sleep problems, in contrast to chronic can-
nabis use, which is associated with insomnia symptoms
and poor sleep quality (poor SQ).'”'® Benzodiazepines
shorten sleep latency (decreased DIS) and increase total
SD,"” but in chronic use, these effects decrease or diminish
due to tolerance, and sleep may even improve after discon-
tinuation.?*? Many other drugs, including opioids, and
psychostimulants such as cocaine and amphetamines, are
associated with insomnia symptoms.'%-2*2

The importance of studying sleep and substance use
in patients with psychotic disorders is highlighted by the
frequent substance use in this patient group. Estimates
of substance use in patients with psychotic disorders
vary depending on, eg, the study population (inpatient
vs outpatient, cultural factors) and definitions of sub-
stance use, as well as whether the substance use is current
or lifetime and whether it is self-reported or objectively
measured.”? In a register-based study on substance use
disorders among patients with schizophrenia in Finland
and Sweden, 26% of the Finnish cohort had a substance
use disorder diagnosis, with the most common being
multiple drug use, followed by alcohol, cannabis, and
stimulants.”’ In a large US study including patients with
schizophrenia, schizoaffective disorder, and bipolar dis-
order, use of alcohol, nicotine, cannabis, and other drugs
was markedly more common among these patients than
in the general population.” Substance use has been linked
to worse symptoms and outcomes such as poorer cogni-
tion,”-** higher hospitalization rate,’' and elevated suicide
risk®? in patients with schizophrenia.

Previous studies on how substance use is associated
with sleep problems in patients with psychotic disorders
are lacking.** One study consisting of primarily cigarette
smoking patients with schizophrenia and schizoaffective
disorder concluded that the substance use variable (in-
cluding alcohol, cannabis, and illicit drugs) was asso-
ciated with the only sleep characteristic assessed, short
SD.3

The primary objective of this study was to examine
how the use of various substances is associated with
sleep problems in patients with psychotic disorders in a
large nationwide sample from Finland. Our hypothesis
was that current smoking and hazardous alcohol use as
well as frequent use of illicit drugs during the lifetime
are associated with sleep problems, especially insomnia
symptoms such as DIS, EMAs, and short SD.
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Methods

Study Sample

This study is part of the SUPER research project, which
examines psychotic disorders. The SUPER project is
incorporated within the international Stanley Global Neuro-
psychiatric Genomics Initiative. In Finland, the Institute for
Molecular Medicine Finland (FIMM), the Finnish Institute
of Health and Welfare (THL), and the University of Helsinki
oversaw the research project. The project was performed in
cooperation with all hospital districts in Finland.

SUPER Sleep Cohort

Patients with schizophrenia spectrum disorders (ICD-10
codes: F20-F29), bipolar disorder, and psychotic depres-
sion (International Classification of Diseases (ICD)-10
codes: ICD-10 codes: F30.1, F30.2, F31, F32.3, and
F33.3) were invited to participate through psychiatric in-
and outpatient units, primary care, housing units, and
advertisements in local newspapers from the whole main-
land of Finland. In the present study, only patients with
schizophrenia, schizoaffective disorder, bipolar disorder,
and psychotic depression are included. The diagnoses were
retrieved from the Finnish Care Register for Health Care
(HILMO). When participants had multiple diagnoses, the
diagnoses were considered in the following order of pref-
erence: (1) schizophrenia, (2) schizoaffective disorder, (3)
bipolar disorder, and (4) psychotic depression. Minors
and individuals not able to give informed consent were
not recruited into the study. The study protocol has been
approved by the Ethics Committee of the Hospital District
of Helsinki and Uusimaa and by all participating health-
care organizations. The patients were informed about
the study by the treating unit, either during a normal ap-
pointment, during a hospital stay, or at a nursing home.
Research nurses provided the patient with oral and written
information on the study and acquired written informed
consent, after which the study protocol began.

The total sample size was 10 470 patients. After ex-
cluding patients with no registry-based diagnosis or di-
agnosis other than our 4 diagnostic groups, and patients
with an unknown age or older than 80 years (N = 7),
8795 patients remained. Finally, patients who had not
answered any sleep question or substance use questions
were excluded, leaving 8619 patients. For the study sample
flow chart, see Supplementary figure 2.

Demographics

Patients with schizophrenia were the largest diagnostic
group in the SUPER sample (demographics in table 1),
with 60.2% being men. In the other diagnostic groups, the
majority were women. The mean time since first register-
based psychosis diagnosis was 8.7 years in 18-40-year-old
patients, 20.5 years in 41-60-year-old patients, and 30.2
years in 61-80-year-old patients.
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Table 1. Demographics of the Study

Substance Use and Sleep Problems in Patients

SZ

SZ-A

BD

Ps-DEP

Proportion of sample
Gender (men)

18-40 years

41-60 years

61-80 years

Age, M (SD)

Low level of education
Intermediate level of education
High level of education
Married/cohabiting
Supported living

n= 5597, 64.9%
n=3218 57.5%
n = 1804 32.2%
n = 2594 46.3%
n=1199 21.4%
47.8 (13.9)
n=2268,41.5%
n = 544, 50.9%
n=418,7.6%
n=128,13.0%
n=1970, 37.9%

n =930, 10.8%
n=35137.7%
n =410 44.1%
n=41044.1%
n=11011.8%
43.5(13.6)

n=223,24.8%
n =544, 60.5%
n=132,14.7%
n=247,26.6%
n=136,15.5%

n = 1586, 18.4%
n =599, 37.8%
n=652,41.1%
n =674, 42.5%
n =260, 16.4%
45.0 (14.3)
n=319,21.3%
n =903, 60.3%
n =276, 18.4%
n=612,38.6%
n =120, 7.9%

n=510,5.9%
n=191,37.5%
n=213,41.8%
n=181,35.6%
n=115,22.6%
45.1 (17.0)

n=143,29.2%
n =290, 59.3%

n=>56,11.5%
n=152,29.9%
n =281, 16.6%

Note: SZ, schizophrenia; SZ-A, schizoaffective disorder; BD, bipolar disorder; Ps-DEP, psychotic depression.

Questionnaire

The full questions regarding sleep symptoms and sub-
stance use as well as all response categories can be found
in the supplement.

Outcome: Sleep Variables. .

The participants filled in a questionnaire that mainly
comprised sleep questions from a Finnish population-
based study.** The questions included total sleep du-
ration (TSD), difficulty initiating sleep (DIS)*, EMAs¥,
FAT?¢, and SQ%. Long SD was defined as sleeping >10 h
per day, and short SD as sleeping <6 h per day. Responses
with unreasonable answers to the SD question (TSD <2 h
or > 18 h) were excluded (N = 21). DIS, EMAs, and FAT
were all defined as having these problems often or nearly
always. Poor SQ was defined as having slept rather poorly
or poorly.

Substance Use Variables. .

The questionnaire included questions on both current
and lifetime substance use. For cigarette smoking, cur-
rent smoking was our main variable, and this question
was from the same Finnish population-based study as the
sleep questions.*® Current smoking was defined as having
smoked today or yesterday, while patients having smoked
2 days to 1 month ago were excluded due to probable
nicotine withdrawal symptoms.!!*® Patients with at least
one month since their last cigarette were categorized as
nonsmokers. Additionally, in our supplemental analyses,
lifetime peak cigarette smoking was assessed with the 2
questions from the Heaviness of Smoking Index (HSI).*
Low HSI was categorized as 1-2 points, moderate as 34
points, and high as 5-6 points.* In our analyses, we tied
the HSI score to the current smoking variable, only con-
sidering HSI scores for current smokers.

Alcohol use during the previous 12 months was
primarily evaluated with Alcohol Use Disorders
Identification Test-Concise (AUDIT-C), a validated
screening instrument to identify hazardous alcohol use.
This modified version of the 10-item AUDIT includes 3

consumption-focused questions valued from 0 points to
4 points, with a maximum score of 12 points.** AUDIT-C
was used as a 3-class variable: (1) no alcohol use (0
points); (2) moderate alcohol users, meaning 1-4 points
for women and 1-5 points for men; and (3) hazardous
alcohol use, meaning 5 points or more for women and 6
points or more for men. These cutoffs were chosen based
on the Finnish Guidelines for Alcohol Problems.*! We
also assessed binge drinking separately in a supplemental
analysis with AUDIT-3, the third AUDIT-C question.
The dichotomous cutoff for binge drinking was having
6 or more drinks monthly or more frequently based on a
Finnish study of occupational healthcare patients.*?
Finally, lifetime use of other substances, ie, illicit
drugs, was evaluated with a single question about using
any of the substances to get intoxicated, derived from
Finnish general population studies,” and also used in a
previous study on psychotic disorders.** When the ques-
tionnaire has been used in different studies, the content
is updated if new substances of abuse have emerged. In
the present study, we focused on the 4 most common
of these substances, namely (1) cannabis (marijuana or
hashish), (2) benzodiazepines, (3) amphetamines (am-
phetamine, methamphetamine, MDMA), and (4) opioids
(buprenorphine, methadone, heroin, and morphine).
Frequent lifetime use or “misuse” of the substance was
defined as having used the substance over 50 times to get
intoxicated, while occasional users—with rarer use—and
patients with no use of the substance were categorized as
non-users. The participants were also given the option of
responding to “other” with details in free text (N = 158).
The information retrieved from this was coded into the
previously mentioned substance categories if appropriate.

Covariates

The covariates were age, gender, diagnosis, and living
status. We categorized the patients into 3 age groups:
Young (18-40 years), middle-aged (41-60 years), and eld-
erly (61-80 years).
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Living status was retrieved from the interview with the
patient:

”Who are you living with now?” The possible answers
were “alone,” “with spouse,” “with spouse and children,”
“with children and without spouse,” “with parents or
siblings,” “supported housing without night supervision,”
“supported housing with night supervision,” and “other.”
The answers were categorized into supported housing or
living independently. The free text information retrieved
from the “other” category (N = 577) was coded based
on the same criteria, with the inclusion of long-term
hospitalized patients (N = 252) in supported housing and
the exclusion of homeless patients (N = 29).

In a post hoc analysis for benzodiazepines, we
also took into consideration the prescription use of
benzodiazepines. In the study, the names of the medicines
were checked on the jar or the prescription if these were
available. If no jar or prescription was available, memory
information was deemed sufficient. Injections were also
recorded. In the post hoc analysis, we excluded patients
who had both prescription use of benzodiazepines and
use of benzodiazepines to get intoxicated (N = 162),
and only patients with use of benzodiazepines to get
intoxicated (N = 415) were included. The results were
similar, and thus, we include all patients in our analysis.

Statistical Analysis

In bivariate analyses of sleep problems in patients with
substance use and in those without substance use, we
used chi-square test. In multivariable logistic regres-
sion models for sleep problems (DIS, EMAs, FAT, long
and short SD, and poor SQ), the explaining variables
included diagnostic group, age, gender, living status as
confounding factors, and the specific substance in ques-
tion (alcohol, smoking, cannabis, benzodiazepines, am-
phetamine, and opioids). Those not using the substance
in question or using below threshold levels served as the
reference group. Before conducting the final logistic re-
gression analyses, we investigated interactions between
age, gender, diagnostic group, and substance use as well
as between different substances. However, none of the
interactions survived Bonferroni correction for mul-
tiple analyses, and therefore, they were dropped from
the analyses. Our first logistic regression model included
4 groups of patients: (1) patients with no substance
use, (2) patients who used only cigarettes, (3) patients
who used only alcohol, and (4) patients who used both
cigarettes and alcohol, and excluded patients using other
substances. Thereafter, in the second logistic regression
model, the rest of the study sample with use of other
substances was included. Because the results were sim-
ilar, we report only the results from the second analysis,
including the whole study sample, and the results from
the first analyses were included in Supplementary table 2
for regression results).
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Results

Prevalence of Substance Use

Cigarettes and alcohol were the most commonly used
substances (table 1 for substance use frequencies,
Supplementary figure 1 for Venn diagram). The preva-
lence of hazardous alcohol use during the previous 12
months in this sample was 18.6% (n = 1596), and 46.1%
(n = 3783) reported current smoking. There was signif-
icant overlap between current alcohol use and cigarette
smoking, with 63.6% of hazardous alcohol users also re-
porting current smoking. Of other forms of lifetime sub-
stance use, 10.7% reported using cannabis over 50 times;
the corresponding figure for benzodiazepine misuse was
6.7%, for amphetamine misuse 5.3%, and for opioid
misuse 3.2%. In all, 44% (n = 3419) of patients were non-
users of the substances, ie, reported no current smoking
or hazardous alcohol use, nor did they have any other
frequent lifetime substance use. Substance use was more
common in men and in younger patients.

Sleep Problems and Substance Use

Prevalence of Sleep Problems in Relation to Substance
Use. .

As shown in figure 1, the substance use groups overall had
more sleep problems than the no substance use group,
particularly regarding DIS and EMAs. Patients with
hazardous alcohol use and benzodiazepine misuse gen-
erally had the highest frequency of sleep problems. For
example, EMAs were experienced by 46.8% of patients
with hazardous alcohol use and 49.0% of all benzodiaze-
pine misusers relative to 35% of nonusers.

Results From Multivariable Logistic Regression Analyses..
In the multivariable logistic regression models for sleep
problems, the confounding factors were age, gender, diag-
nostic group, and living status. The explaining variables
for substance use were hazardous alcohol use (according
to AUDIT-C), current smoking, and frequent lifetime
use (over 50 times) of cannabis, benzodiazepines, am-
phetamine, and opioids. Persons with missing values were
omitted from the regression analyses. All variables had
less than 3% missing values, except for current smoking,
which had 5% missing.

Alcohol had the strongest associations with sleep
problems in the logistic regression models. In the final
model, hazardous alcohol use was associated with more
DIS, EMAs, poor SQ, and short SD (table 2). The
associations were most apparent with poor SQ (odds ratio
[OR] = 1.80, 95% CI: 1.49 to 2.16, P < .001) and EMAs
(OR = 1.60, 95% CI: 1.39-1.85, P < .001). Moderate
alcohol use was not associated with sleep problems
compared with patients who did not use alcohol, but it
was associated with less long SD than in patients with no
alcohol use. Binge drinking (Supplementary table 2) was
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No substance use, N= 3419
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DIS EMA FAT Poor SQ

T
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Short SD Long SD

Abbreviations: DIS = Difficulties initiating sleep, EMAs= Early morning awakenings, FAT= Fatigue, Poor SQ= Poor
sleep quality, Short SD= Short sleep duration, Long SD= Long sleep duration

Fig. 1. Prevalence of sleep problems according to substance use. Alcohol variable is AUDIT-C, smoking variable is current smoking, and
for other substances (cannabis, amphetamines, benzodiazepines, and opioids) they have been used at least 50 times during lifetime.

Table 2. Substance Use in SUPER Sample.

18-40 M 1840 F 41-60 M 41-60 F 61-80 M 61-80 F
Alcohol 31.1% 24.5% 20.2% 13.4% 7.5% 3.9%
Smoking 57.9% 43.4% 53.6% 39.2% 43.7% 30.1%
Cannabis 30.8% 9.7% 10.5% 3.2% 1.9% 1.1%
Benzodiazepines 14.7% 5.8% 7.7% 4.0% 2.2% 1.2%
Amphetamines 13.5% 4.6% 5.9% 2.1% 1.1% 0.1%
Opioids 8.5% 3.6% 3.1% 1.2% 0.2% 0.0%

Note: Alcohol variable is hazardous use according to AUDIT-C, smoking variable is current smoking, and for other substances (can-
nabis, amphetamines, benzodiazepines, and opioids) they have been used to get intoxicated at least 50 times during lifetime.

Note: M, male; F, female.

associated with EMAs (OR = 1.40, 95% CI: 1.14 to 1.72,
P =.002) and poor SQ (OR =1.39, 95% CI: 1.06 to 1.83,
P =.02).

Smoking was associated with shorter SD (OR = 1.28,
95% CI:1.08 to 1.52, P = .005) and less FAT (OR = 0.89,
95% CI: 0.80 to 0.99, P = .03) than in those who had
not smoked for at least one month (table 2). When we
considered the lifetime peak HSI score in patients with
current smoking, the picture became more nuanced
(Supplementary table 2). Current smoking in combina-
tion with high lifetime HSI score (5-6) was associated
with DIS (OR = 1.38, 95% CI: 1.06 to 1.78, P = .015),
EMA (OR =1.69, 95% CI: 1.33 to 2.15, P < .001), poor
SQ (OR =1.50,95% CI:1.09 to 2.07, P = .013), and short
SD (OR = 2.08, 95% CI: 1.44 to 3.01, P < .001). On the
other hand, smoking with low HSI score was associated

with less sleep problems, including EMAs, poor SQ, and
FAT, than no cigarette use.

Frequent benzodiazepine misuse during the lifetime
was associated with more DIS, EMA, FAT, short SD, and
poor SQ, and less long SD. The association was strongest
with DIS (OR = 2.00, 95% CI: 1.55 to 2.48, P < .001).
By contrast, using cannabis, amphetamine, and opioids
more than 50 times during the lifetime was not associated
with any of the sleep problem categories being examined.

Regarding covariates, patients with schizoaffective dis-
order, bipolar disorder, and psychotic depression had
more sleep problems than patients with schizophrenia,
excluding long SD, which was most prevalent among
patients with schizophrenia. Women had more sleep
problems than men, and young patients had more long
SD and FAT than older patients, but less DIS, EMAs, and
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short SD. Patients in supported housing had more long
SD and poor SQ than those living independently (table 3).

Discussion

General Results

This study aimed to examine associations between sleep
problems and substance use in a large sample of patients
with psychotic disorders. To the best of our knowledge,
no previous large-scale study has been conducted on this
subject. Generally, the use of substances was associated
with higher prevalence of sleep problems, including short
SD, poor SQ, EMAs, FAT, and DIS.

Current hazardous, but not moderate level, alcohol use
was associated with a range of sleep problems, consistent
with previous research in the general population.'® The
strongest associations were with poor SQ and EMA:s,
with 22.4% of hazardous alcohol users having poor SQ,
compared to 13.9% of those with no substance use. Binge
drinking was also associated with poor SQ and EMAs.
Our results emphasize the importance of screening haz-
ardous alcohol use among psychosis patients with sleep
problems. Studies examining the neurobiology of alcohol
use have confirmed the strong link between sleep and
alcohol, with GABA-receptor agonism in acute intox-
ication promoting less DIS. The downregulation of the
same GABA receptors in chronic use is one of the central
mechanisms for later sleep problems.*>#

Current smoking was associated with short SD, and less
FAT. Of current smokers, 10.1 % had short SD, compared
to 8.3 % of those with no substance use. In our additional
analysis, we coupled current smoking with peak lifetime
cigarette smoking levels (HSI)—which could be current
or past. In this analysis, heavy smoking—current or his-
tory of such—was broadly associated with more sleep
problems, while current light cigarette smoking was as-
sociated with less sleep problems compared to patients
with no current smoking. Cigarette dose dependency for
associations with sleep problems is in line with earlier
research in adults with no psychiatric comorbidities.'>!?
To the best of our knowledge, there are no previous
studies reporting less FAT in current smokers than in
nonsmokers or reporting that light smoking is associated
with less sleep problems. In this context, the pharmaco-
logical interactions between nicotine and antipsychotic
medications, such as olanzapine and clozapine, are of in-
terest, as nicotine increases the clearance of these drugs.
Thus, smoking may alleviate adverse effects like FAT.%
One possible contributor to the findings of less FAT and
more short SD could be the innate stimulant effects of
nicotine through nicotinic receptor agonism.*

Of the other substances, frequent benzodiazepine
misuse during a lifetime was associated with sleep
problems. However, it is important to note that be-
cause of the cross-sectional setup here, causality cannot
be determined. From previous studies, long-term use

Substance Use and Sleep Problems in Patients

of benzodiazepines is known to be associated with
increasing tolerance” and changes in sleep architec-
ture.” Anxiety and other affective symptoms driving
recreational benzodiazepine use® while simultaneously
impairing sleep, is a possible confounder that was not
fully accounted for. We did conduct a post hoc analysis
excluding patients with benzodiazepine prescriptions,
as these patients can be seen as having probable clinical
reasons for their benzodiazepine use, with no significant
results changing.

The differences in sleep problems between the diag-
nostic groups followed the same pattern as in our pre-
vious study,’> where substance use was not considered.
Insomnia symptoms—meaning DIS, EMAs, and short
SD—as well as FAT and poor SQ were generally more
common in patients with schizoaffective disorder, bi-
polar disorder, or psychotic depression, while long SD
was most common in patients with schizophrenia. The
differences between affective psychotic disorders and
schizophrenia were generally of the same size as those
for substance use, meaning alcohol, cigarette smoking,
and benzodiazepines vs nonuse. Taking substance use
into account did not change the results regarding age and
gender.

Strengths and Limitations

One of the strengths of this study is the large, nation-
wide sample, which enabled separating the patients
into diagnostic groups and the substance use into var-
ious substance use groups, instead of merging these
together. The sleep problems were also assessed compre-
hensively. However, even with a sample size as large as
in this study, history of use (especially sole use) of some
of the substances, such as cannabis, amphetamines, and
opioids, was quite rare. This limited statistical power, and
the absence of knowledge regarding current use, might
explain the lack of associations between these substances
and sleep problems, which in previous studies have been
associated with sleep problems,!%17:23.2451,52

The following limitations should be considered when
interpreting the results of this study. First, current sub-
stance abuse was only queried in the context of alcohol
use and smoking and not for other substances. Regarding
other substances, we only had information on use never,
occasionally, or over 50 times during the lifetime. Current
substance use is expected to have a larger effect on sleep
than previous substance use. In future studies, more
specific information on current substance use and with-
drawal symptoms as well as on duration of use and use
patterns should be sought. Second, information on sleep
and substance use was based on self-reports. Third, no
medications used by patients, apart from benzodiazepine,
were considered in the post hoc analysis. These factors
should be addressed in future studies investigating sleep
in psychotic disorders.
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Conclusions

To the best of our knowledge, this is the first large-scale
study reporting associations between substance use and
sleep problems among persons with psychotic disorders.
According to our findings, current hazardous alcohol
use and cigarette smoking as well as lifetime benzodiaz-
epine use are associated with various sleep problems, in-
cluding difficulties falling asleep, EMAs, poor SQ, and
short SD. These findings—especially considering how
common both substance use, and sleep problems are in
these patients—highlight the need to screen substance
use in patients with psychotic disorders who have sleep
problems, and to educate the patients about possible links
between substance use and sleep problems.

Supplementary Material

Supplementary data are available at Schizophrenia
Bulletin Open online.

Funding

This work was supported by the Stanley Center for
Psychiatric Research at Broad Institute. EC and TP
were supported by grants from Finska Lakaresallskapet
(#9-1600-15 and #8-1353-9). MH was supported by a
grant from the Academy of Finland (#310295). The
work was also supported by the University of Helsinki
(TYH20919315). EC received a grant from the Juha
Vainio Foundation (202100043). The funding organiza-
tions had no role in the design or execution of the study;
in the collection, management, analysis, or interpretation
of data; in preparation, review, or approval of the man-
uscript; or in the decision to submit the manuscript for
publication.

Acknowledgments

We are grateful to the staff and the study participants
whose contribution made this study possible. We also
thank Steven Hyman, Director of the Stanley Center for
Psychiatric Research, for his support. Regarding conflicts
of interest, Markku Lihteenvuo is an owner and board
member of Genomi Solutions Ltd. and Nursie Health
Ltd. and has received honoraria from Sunovion, Orion
Pharma, Janssen-Cilag, Otsuka Pharma, Lundbeck,
and Medscape, travel funds from Sunovion, and re-
search grants from the Finnish Medical Foundation, the
Emil Aaltonen Foundation, and the Finnish Cultural
Foundation. Jari Tithonen has participated in research
projects funded by grants from Janssen-Cilag and Eli
Lilly to their employing institution; has received per-
sonal fees from the Finnish Medicines Agency (Fimea),
European Medicines Agency (EMA), Eli Lilly, Janssen-
Cilag, Lundbeck, and Otsuka; is a member of the ad-
visory board for Lundbeck; and has received grants
from the Stanley Foundation and the Sigrid Jusélius

Page 8 of 9

Foundation. None of the other authors report any finan-
cial relationships with commercial interests.

References

1. Krystal AD. Psychiatric disorders and sleep. Neurol Clin.
2012;30(4):1389-1413. doi:10.1016/j.ncl.2012.08.018.

2. Monti JM, Monti D. Sleep in schizophrenia patients and the
effects of antipsychotic drugs. Sleep Med Rev. 2004;8(2):133—
148. doi: 10.1016/S1087-0792(02)00158-2.

3. Cederldf E, Holm M, Lahteenvuo M, et al. Sleep in psychotic
disorders: results from nationwide SUPER Finland study.
Schizophr Bull Open. Published online February 3, 2022.

4. Harvey AG. Sleep and circadian rhythms in bipolar disorder:
seeking synchrony, harmony, and regulation. Am J Psychiatry.
2008;165(7):820-829. doi: 10.1176/appi.ajp.2008.08010098.

5. Afonso P, Brissos S, Figueira ML, Paiva T. Schizophrenia pa-
tients with predominantly positive symptoms have more dis-
turbed sleep-wake cycles measured by actigraphy. Psychiatry
Res. 2011;189(1):62-66. doi: 10.1016/j.psychres.2010.12.031.

6. Hofstetter JR, Lysaker PH, Mayeda AR. Quality of sleep
in patients with schizophrenia is associated with quality
of life and coping. BMC Psychiatry. 2005;3(5):13. doi:
10.1186/1471-244X-5-13.

7. Kalucy MJ, Grunstein R, Lambert T, Glozier N. Obstructive
sleep apnoea and schizophrenia - A research agenda. Sleep Med
Rev. 2013;17(5):357-365. doi: 10.1016/j.smrv.2012.10.003.

8. Reeve S, Sheaves B, Freeman D. Excessive sleepiness in pa-
tients with psychosis: an initial investigation. PLoS Orne.
2021;16(1):e0245301. doi: 10.1371/journal.pone.0245301.

9. Garcia AN, Salloum IM. Polysomnographic sleep disturb-
ances in nicotine, caffeine, alcohol, cocaine, opioid, and can-
nabis use: a focused review. Am J Addict. 2015;24(7):590-598.
doi: 10.1111/ajad.12291.

10. Conroy DA, Arnedt JT. Sleep and substance use disorders: an
update. Curr Psychiatry Rep. 2014;16(10):487. doi: 10.1007/
s11920-014-0487-3

11. Jachne A, Loessl B, Barkai Z, Riemann D, Hornyak M.
Effects of nicotine on sleep during consumption, withdrawal
and replacement therapy. Sleep Med Rev. 2009;13(5):363—
377. doi: 10.1016/j.smrv.2008.12.003.

12. Branstetter SA, Horton WJ, Mercincavage M, Buxton OM.
Severity of nicotine addiction and disruptions in sleep medi-
ated by early awakenings. Nicotine Tob Res.2016;18(12):2252—
2259. doi: 10.1093/ntr/ntw179.

13. CohrsS,Rodenbeck A, Riemann D, etal. Impaired sleep quality
and sleep duration in smokers — Results from the German
Multicenter Study on nicotine dependence. Addict Biol.
2014;19(3):486-496. doi: 10.1111/j.1369-1600.2012.00487 .x.

14. Mcnamara JPH, Wang J, Holiday DB, et al. Sleep disturb-
ances associated with cigarette smoking. Psychol Health Med.
2014;19(4):410-419. doi: 10.1080/13548506.2013.832782.

15. Ebrahim IO, Shapiro CM, Williams AJ, Fenwick PB. Alcohol
and sleep I: effects on normal sleep. Alcohol Clin Exp Res.
2013;37(4):539-549. doi: 10.1111/acer.12006.

16. Stein MD, Friedmann PD. Disturbed sleep and its relation-
ship to alcohol use. Subst Abus. 2005;26(1):1-13. doi: 10.1300/
J465v26n01_01.

17. Winiger EA, Hitchcock LN, Bryan AD, Cinnamon Bidwell
L. Cannabis use and sleep: expectations, outcomes, and the
role of age. Addict Behav. 2021;112:106642. doi: 10.1016/j.
addbeh.2020.106642.

18. Conroy DA, Kurth ME, Strong DR, Brower KJ, Stein MD.
Marijuana use patterns and sleep among community-based

y20z Aenige4 ¢ uo Jasn ziejduesing we Jayolqig Aq 2Z#8589/€/00ebs/ | /y/e1onle/uado|ingziyos/woo dno-olwepeoe)/:sdiy Wwoiy pepeojumoq


https://doi.org/10.1016/j.ncl.2012.08.018
https://doi.org/10.1016/S1087-0792(02)00158-2
https://doi.org/10.1176/appi.ajp.2008.08010098
https://doi.org/10.1016/j.psychres.2010.12.031
https://doi.org/10.1186/1471-244X-5-13
https://doi.org/10.1016/j.smrv.2012.10.003
https://doi.org/10.1371/journal.pone.0245301
https://doi.org/10.1111/ajad.12291
https://doi.org/10.1007/s11920-014-0487-3
https://doi.org/10.1007/s11920-014-0487-3
https://doi.org/10.1016/j.smrv.2008.12.003
https://doi.org/10.1093/ntr/ntw179
https://doi.org/10.1111/j.1369-1600.2012.00487.x
https://doi.org/10.1080/13548506.2013.832782
https://doi.org/10.1111/acer.12006
https://doi.org/10.1300/J465v26n01_01
https://doi.org/10.1300/J465v26n01_01
https://doi.org/10.1016/j.addbeh.2020.106642
https://doi.org/10.1016/j.addbeh.2020.106642

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

young adults. J Addict Dis.
10.1080/10550887.2015.1132986.
Holbrook AM, Crowther R, Lotter A, Cheng C, King D.
Meta-analysis of benzodiazepine use in the treatment of in-
somnia. CMAJ. 2000;162(2):225-233.

Vinkers CH, Olivier B. Mechanisms underlying tolerance
after long-term benzodiazepine use: a future for subtype-
selective GABAA receptor modulators? Adv Pharmacol Sci.
2012;2012:416864. doi: 10.1155/2012/416864.

Guina J, Merrill B. Benzodiazepines I: upping the care on

downers: the evidence of risks, benefits and alternatives. J
Clin Med. 2018;7(2):17. doi: 10.3390/jcm7020017.

Lahteenméki R, Neuvonen PJ, Puustinen J, e al. Withdrawal
from long-term use of zopiclone, zolpidem and temazepam
may improve perceived sleep and quality of life in older
adults with primary insomnia. Basic Clin Pharmacol Toxicol.
2019;124(3):330-340. doi: 10.1111/bept.13144.

Schierenbeck T, Riemann D, Berger M, Hornyak M. Effect of
illicit recreational drugs upon sleep: cocaine, ecstasy and ma-
rijuana. Sleep Med Rev. 2008;12(5):381-389. doi: 10.1016/j.
smrv.2007.12.004.

Clegg-Kraynok MM, McBean AL, Montgomery-Downs
HE. Sleep quality and characteristics of college students who
use prescription psychostimulants nonmedically. Sleep Med.
2011;12(6):598-602. doi: 10.1016/j.sleep.2011.01.012.

Dixon L. Dual diagnosis of substance abuse in schizophrenia:
prevalence and impact on outcomes. Schizophrenia Res. 1999;
1(35 Suppl):S93-S100. doi: 10.1016/S0920-9964(98)00161-3.

Swartz MS, Wagner HR, Swanson JW, et al. Substance use in
persons with schizophrenia: baseline prevalence and correlates
from the NIMH CATIE study. J Nerv Ment Dis. 2006;194(3):
164-172. doi: 10.1097/01.nmd.0000202575.79453.6e.

Lahteenvuo M, Batalla A, Luykx JJ, et a/. Morbidity and
mortality in schizophrenia with comorbid substance use
disorders. Acta Psychiatr Scand. 2021;144(1):42-49. doi:
10.1111/acps.13291.

Hartz SM, Pato CN, Medeiros H, et al. Comorbidity of severe psych-
otic disorders with measures of substance use. JAMA Psychiatry.
2014;71(3):248-254. doi: 10.1001/jamapsychiatry.2013.3726.

Thoma P, Daum I. Comorbid substance use disorder in schizo-
phrenia: a selective overview of neurobiological and cognitive
underpinnings. Psychiatry Clin Neurosci. 2013;67(6):367-383.
doi: 10.1111/pen.12072.

Coustals N, Martelli C, Brunet-Lecomte M, Petillion A,
Romeo B, Benyamina A. Chronic smoking and cognition in
patients with schizophrenia: a meta-analysis. Schizophr Res.
2020;222:113-121. doi: 10.1016/j.schres.2020.03.071.
Schmidt LM, Hesse M, Lykke J. The impact of substance
use disorders on the course of schizophrenia-A 15-year
follow-up study. Dual diagnosis over 15 years. Schizophr Res.
2011;130(1-3):228-233. doi: 10.1016/j.schres.2011.04.011.

Hor K, Taylor M. Suicide and schizophrenia: a system-
atic review of rates and risk factors. J Psychopharmacol.
2010;24(suppl 4):81-90. doi: 10.1177/1359786810385490.
Horn WT, Akerman SC, Sateia M. Sleep in schizophrenia and
substance usedisorders: areview of theliterature. J Dual Diagn.
2013;9(3):228-238. doi: 10.1080/15504263.2013.806088.

Tang VK, Pato MT, Sobell JL, et al. Substance use associ-
ated with short sleep duration in patients with schizophrenia or
schizoaftective disorder. Am J Med Genet, Part B: Neuropsychiatr
Genet. 2016;171(4):525-533. doi: 10.1002/ajmg.b.32374.
Heistaro SE. Methodology Report. Health 2000 Survey.
Helsinki, Finland: Publications of the National Health
Institute B26/2008; 2008.

2016;35(2):135-143. doi:

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

Substance Use and Sleep Problems in Patients

Aromaa A, editors KS. Health and Functional Capacity
in Finland. Baseline Results of the Health 2000 Health
Examination Surbey. Helsinki, Finland: Publication B12,
National Public Health Institute; 2004.

Partinen M, Gislason T. Basic Nordic Sleep Questionnaire
(BNSQ): a quantitated measure of subjective sleep com-
plaints. J Sleep Res. 1995;4(S1):150-155. doi: 10.1111/5.1365-
2869.1995.tb00205.x.

Jaechne A, Unbehaun T, Feige B, Cohrs S, Rodenbeck
A, Riemann D. Sleep changes in smokers before, during
and 3 months after nicotine withdrawal. Addict Biol.
2015;20(4):747-755. doi: 10.1111/adb.12151.

Heatherton TF, Kozlowski LT, Frecker RC, Rickert W,
Robinson J. Measuring the heaviness of smoking: using self-
reported time to the first cigarette of the day and number of
cigarettes smoked per day. Br J Addict. 1989;84(7):791-799.
Reinert DF, Allen JP. The alcohol use disorders identification
test: an update of research findings. Alcohol Clin Exp Res.
2007;31(2):185-199. doi: 10.1111/5.1530-0277.2006.00295.x.
Alcohol Problems. Current Care Guidelines. Working Group
Set up By the Finnish Medical Society Duodecim and the
Finnish Society of Addiction Medicine. Helsinki, Finland: The
Finnish Medical Society Duodecim; 2015 (referred May 21st
2021). Available at www.kaypahoito.fi. No Title.

Kaarne T, Aalto M, Kuokkanen M, Seppia K. AUDIT-C,
AUDIT-3 and AUDIT-QF in screening risky drinking among
Finnish occupational health-care patients. Drug Alcohol Rev.
2010;29(5):563-567. doi: 10.1111/j.1465-3362.2010.00172.x.
Suvisaari J, Aalto-Setdld T, Tuulio-Henriksson A, et
al. Mental disorders in young adulthood. Psychol Med.
2009;39(2):287-299. doi: 10.1017/S0033291708003632.
Karpov B, Lindgren M, Kieseppa T, Wegelius A, Suvisaari
J. Cognitive functioning and cannabis use in first-episode
psychosis. Nord J Psychiatry. 2022;76(7):551-558. doi:10.10
80/08039488.2021.2018038.

Koob GF, Colrain IM. Alcohol use disorder and sleep
disturbances: a  feed-forward allostatic  framework.
Neuropsychopharmacology. 2020;45(1):141-165. doi: 10.1038/
s41386-019-0446-0.

Colrain IM, Nicholas CL, Baker FC. Alcohol and the
sleeping brain. Handb Clin Neurol. 2014;125:415-431. doi:
10.1016/B978-0-444-62619-6.00024-0.

Lowe EJ, Ackman ML. Impact of tobacco smoking ces-
sation on stable clozapine or olanzapine treatment. Ann
Pharmacother. 2010;44(4):727-732. doi:10.1345/aph. 1M 398.

Saint-Mleux B, Eggermann E, Bisetti A, et al. Nicotinic en-
hancement of the noradrenergic inhibition of sleep-promoting
neurons in the ventrolateral preoptic area. J Neurosci.
2004;24(1):63-67. doi: 10.1523/TNEUROSCI.0232-03.2004.

de Mendonca FMR, de Mendon¢ga GPRR, Souza LC, et al.
Benzodiazepines and sleep architecture: a systematic review.
CNS Neurol Disord Drug Targets. 2023;22(2):172-179. doi: 10
.2174/1871527320666210618103344.

de la Iglesia-Larrad JI, Barral C, Casado-Espada NM, et al.
Benzodiazepine abuse, misuse, dependence, and withdrawal
amongschizophrenic patients: a review of theliterature. Psychiatry
Res. 2020;284:112660. doi: 10.1016/j.psychres.2019.112660.
Bolla KI, Lesage SR, Gamaldo CE, et al. Sleep disturbance
in heavy marijuana users. Sleep. 2008;31(6):901-908. doi:
10.1093/sleep/31.6.901.

Budney AJ, Hughes JR, Moore BA, Novy PL. Marijuana
abstinence effects in marijuana smokers maintained in their
home environment. Arch Gen Psychiatry. 2001;58(10):917—
24. doi: 10.1001/archpsyc.58.10.917.

Page 9 of 9

¥20z Aeniged ¢ uo Jesn zjeiduesing we yayiolaig Aq /Z18589/¢/000S/ 1 /p/a1onie/uadolngziyos/wod dno-olwapese//:sdyy wol) papeojumoq


https://doi.org/10.1080/10550887.2015.1132986
https://doi.org/10.1155/2012/416864
https://doi.org/10.3390/jcm7020017
https://doi.org/10.1111/bcpt.13144
https://doi.org/10.1016/j.smrv.2007.12.004
https://doi.org/10.1016/j.smrv.2007.12.004
https://doi.org/10.1016/j.sleep.2011.01.012
https://doi.org/10.1016/S0920-9964(98)00161-3
https://doi.org/10.1097/01.nmd.0000202575.79453.6e
https://doi.org/10.1111/acps.13291
https://doi.org/10.1001/jamapsychiatry.2013.3726
https://doi.org/10.1111/pcn.12072
https://doi.org/10.1016/j.schres.2020.03.071
https://doi.org/10.1016/j.schres.2011.04.011
https://doi.org/10.1177/1359786810385490
https://doi.org/10.1080/15504263.2013.806088
https://doi.org/10.1002/ajmg.b.32374
https://doi.org/10.1111/j.1365-2869.1995.tb00205.x
https://doi.org/10.1111/j.1365-2869.1995.tb00205.x
https://doi.org/10.1111/adb.12151
https://doi.org/10.1111/j.1530-0277.2006.00295.x
www.kaypahoito.fi. No Title
https://doi.org/10.1111/j.1465-3362.2010.00172.x
https://doi.org/10.1017/S0033291708003632
https://doi.org/10.1080/08039488.2021.2018038
https://doi.org/10.1080/08039488.2021.2018038
https://doi.org/10.1038/s41386-019-0446-0
https://doi.org/10.1038/s41386-019-0446-0
https://doi.org/10.1016/B978-0-444-62619-6.00024-0
https://doi.org/10.1345/aph.1M398
https://doi.org/10.1523/JNEUROSCI.0232-03.2004
https://doi.org/10.2174/1871527320666210618103344
https://doi.org/10.2174/1871527320666210618103344
https://doi.org/10.1016/j.psychres.2019.112660
https://doi.org/10.1093/sleep/31.6.901
https://doi.org/10.1001/archpsyc.58.10.917

