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Abstract

Background—Alterations in circadian rhythms can have profound effects on mental health.
High co-morbidity for psychiatric disorders has been observed in patients with circadian rhythm
disorders, such as delayed sleep phase disorder (DSPD) and in those with an evening-type
circadian preference. The aim of this study was to systematically determine the prevalence and
type of DSM IV AXIS-I disorders in those with DSPD compared to evening-type controls.

Methods—Forty-eight DSPD and 25 evening-type participants took part in this study. Sleep and
wake parameters were assessed with actigraphy, diary and questionnaires (Pittsburgh Sleep
Quality Index (PSQI) and Functional Outcomes of Sleep Questionnaire (FOSQ)). Evening-type
preference was defined by the Horne-Ostberg questionnaire. DSPD was determined by interview
according to International Classification of Sleep Disorders criteria. Current and past diagnosis of
psychiatric disorders were assessed with a Structured Clinical Interview for DSM-1V disorders.

Results—DSPD was associated with a later wake time, longer sleep time, higher PSQI score,
lower Horne-Ostberg and FOSQ scores compared to evening-types. There were no significant
differences in the prevalence or type of AXIS-1 disorders between those with DSPD or evening
type preference. Over 70% of participants met criteria for at least one past AXIS-1 disorder.
Approximately 40% of both the DSPD and evening-types met criteria for a past diagnosis of
mood, anxiety (most frequently phobia) or substance use disorders. Evening types were more
likely to have a past diagnosis of more that one AXIS-I disorder.

Conclusions—These results highlight the important link between circadian rhythms and mental
disorders. Specifically, an evening circadian chronotype regardless of DSPD status is associated
with a risk for anxiety, depressive or substance use disorders.
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Introduction

Circadian (near 24 hour) rhythmicity is a fundamental property of all living organisms.
Circadian rhythms are endogenously generated molecular, cellular, physiological and
behavioral cycles that recur with a period of approximately 24 hours (1). A central
pacemaker, located in the anterior hypothalamus regulates these circadian rhythms(2-3), via
integration of clock controlled genes of central nervous system and peripheral tissues with
external synchronizing agents, such as light and behavioral/social cycles (4-5). Evidence
supports a role for the circadian clock system in the regulation of sleep—wake (6-7) and
emotional behaviors (8-11). Indeed, alterations in circadian rhythms can have profound
effects on sleep and mental health, and similarly, abnormalities in sleep and circadian
rhythms are often observed in patients with depressive disorders, schizophrenia, bipolar
disorder and anxiety disorders (11-13).

Circadian misalignment between the timing of the endogenous clock, the timing of sleep/
wake and social behaviors is the basis for most circadian rhythm sleep disorders (CRSD).
High co-morbidity for psychiatric disorders(14-15) has been observed in those with delayed
sleep phase disorder (DSPD). DSPD is characterized by a delay in the sleep period relative
to what is desired resulting in insomnia and impairment to daily functioning(16). The
prevalence of DSPD in the general population is believed to be 0.17% (17) and to be more
common (up to 10%) in those presenting at sleep clinics with insomnia complaints (18).
There is also some evidence that individuals with an evening circadian preference (evening-
type) without reported impairment of daytime function, may also be prone to psychiatric
disorders (19-20). Because an evening circadian preference is what is common among these
groups, an alteration in circadian timing at the molecular, cellular or physiological level,
could potentially increase susceptibility to psychiatric disorders.

Systematic and detailed examination of the prevalence and type of psychiatric disorder in
DSPD has been limited since many of the previous studies include questionnaire based
assessment, and/or are primarily patient populations (recruited from sleep clinics or from
inpatient psychiatric facility). Kamei and colleagues reported that 15.6% of their DSPD
patients reported previously having a diagnosis of either depression or depressive symptoms
(15). Reports using questionnaires such as the Minnesota Multiphasic Personality Inventory
(MMPI) and the Yatabe-Guilford test (Y-G test), have indicated a high rate of depressive
symptoms(21) and emotional features like nervousness, depression and lack of control of
emotional expression in DSPD(22). Dagan and colleagues reported that in a group of
hospitalized adolescents psychiatric patients approximately 15% had DSPD. Of the
individuals determined to have DSPD, the most common disorders were borderline
personality disorder (50%) and bipolar depression (30%)(23). Yamadera and colleagues (14)
examined 72 cases of primary DSPD and 25 cases of secondary DSPD. A diagnosis of
secondary DSPD was given due to a primary psychiatric disorder being present. The most
prevalent Axis | DSM disorders reported in these patients were depression, social phobia
and obsessive-compulsive disorders. More recently, in a study of 90 DSPD patients,
evening-type preference, rather than sleep-wake phase was associated with self-reported
depressive symptoms(24).

There is also indirect evidence (questionnaire) that having an evening-type preference is
associated with depressive symptoms (19, 25-27). Furthermore, in patients with insomnia,
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depressive symptoms were greater in those with an evening-type preference (20, 28). It
could also be the case that psychiatric disorders contribute to, or exacerbate circadian
rhythm sleep disruption. For those with DSPD the inability to sleep at socially acceptable
times can result in significant impairments of waking function and relationships, especially
in severe cases when individuals are awake during most of the night, when others are
sleeping. In addition to social isolation, individuals with delayed sleep phase may have
difficulty maintaining regular employment.

Although DSPD patients nearly always have an evening-type circadian preference (prefer to
be active during the late evening/early morning hours), not all evening-types have DSPD. It
is also unclear whether the high prevalence of reported psychopathology in DSPD is related
to the sleep disorder per se or because of their circadian chronotype (i.e. evening-type
circadian preference). We hypothesized that the occurrence of psychiatric disorders would
be higher in DSPD when compared to those with an evening-type circadian preference but
without DSPD. Therefore, the aims of this study were 1) to characterize the types of
psychiatric disorders and determine their occurrence in individuals with DSPD and in those
who are evening-types using the Structured Clinical Interview for the DSM-1V (SCID) and
2) to determine whether there are differences in sleep and wake function in those with DSPD
compared to evening-types.

Forty-eight DSPD and twenty-five evening-types participated in this study. The evening-
type group (34.2 + 11.8 yrs, 12 female) was defined as those having an evening-type diurnal
preference on the Horne-Ostberg questionnaire without dissatisfaction with their sleep/wake
times (i.e. they did not meet criteria for DSPD). Participants were considered to have DSPD
(35 + 11.4 yrs, 27 female) if they met the criteria for DSPD set forth in the International
Classification of Sleep Disorders(29) and DSM-IV TR(30). DSPD status (yes/no) was
determined by a board certified sleep physician during a clinical interview.

Participants were recruited using printed and online advertisements between January 2004
and November 2007. Advertisements solicited participants who had an “extreme evening
preference” or who were a “night owl”. Only those with an evening-type preference on the
Horne-Ostberg Questionnaire and/or a diagnosis of DSPD were included in this analysis.
There were no exclusion criteria for this study. All participants gave written informed
consent and were compensated for their participation. All procedures were approved by the
Internal Review Board at Northwestern University. After written consent was obtained, each
subject completed the Horne-Ostberg Self-Assessment Questionnaire, Pittsburgh Sleep
Quality Index, Epworth Sleepiness Scale and the Functional Outcomes of Sleep
Questionnaire. After completing the questionnaires, each subject wore an activity
monitoring device and kept a sleep diary for 4 weeks. The participants then completed a
Structural Clinical Interview for DSM-IV Disorders (SCID)(31) and had a clinical interview
with a board certified sleep medicine physician to determine DSPD status.

Circadian Preference/Chronotype—The Horne-Ostberg Self Assessment
Questionnaire (HO)(32) is an assessment of “morningness-eveningness”, consisting of 19
items that measure a subject's preference for the timing of daily activities. Each question has
four answer choices that indicate a scale of “morningness” to “eveningness”. The lower
scores indicate “eveningness” (16-30 Definitely Evening-Type, 31-41 Moderate Evening-
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Type), the higher scores indicate “morningness” (59-69 Moderately Morning-Type, 70-86
Definitely Morning-Type), and a score of 42-58 indicates a Intermediate- Type.

Characterization of Axis | Psychiatric Disorders—The Structured Clinical Interview
for DSM IV (SCID) Axis | Disorders is a semi-structured interview used to diagnose DSM-
IV Axis | disorders(31). It is administered in one session lasting an average 30-90 min,
depending on the history of the participant. The SCID covers the diagnostic criteria for
Mood Episodes, Psychotic Symptoms, Psychotic Disorders, Mood Disorders, Substance Use
Disorders, Anxiety and Other Disorders. For this study, the clinician indicated whether the
participant met diagnostic criteria currently (i.e. full criteria have been met during the
criterion time period, such as the last 2 weeks) and or past (i.e. full criteria were met at some
point over the course of the participant's lifetime) (31). The interview was conducted by a
clinical psychology doctoral trainee and the diagnoses were confirmed by a supervising
psychologist. The interviewer did not know the final sleep diagnosis or circadian chronotype
of the participants at the time of the SCID interview. A detailed report of the interview was
generated for each participant. Reports were reviewed to determine whether there was a
seasonal pattern for the onset or worsening of psychiatric symptomatology.

Activity/Rest Cycle and Sleep—Sleep-wake parameters were measured by wrist
activity monitoring on the non-dominant wrist (Actiwatch, Mini-Mitter Inc., Bend, OR) and
sleep diary. Participants were instructed to wear the activity monitor at all times for 4 weeks.
Wrist activity data was analyzed using Actiware-Sleep software (Mini-Mitter, Inc.).
Actiwatch recorded sleep variables were calculated from the period between self reported
bedtime to wake time (time in bed) from the sleep diary. The following variables were
determined: sleep start (sleep onset), sleep end (actual wake time), actual sleep time (total
sleep time), sleep latency (difference between bedtime and sleep start) and sleep efficiency
(actual sleep time divided by total time in bed). Sleep start was defined as the first 10 minute
period in which no more than one epoch was scored as mobile. Sleep end was defined as the
last 10 minute period in which no more than one epoch was scored as immaobile. Actual
sleep time was defined as the amount of time between sleep start and sleep end, that was
scored as sleep. Participants were also instructed to complete a daily sleep diary upon
awakening and the following variables were determined: bed time, wake time, time in bed,
and assumed sleep duration.

Self Reported Sleep Quality—The Pittsburgh Sleep Quality Index (PSQI) is a self-rated
21 item questionnaire to assess individual sleep habits (bedtime, morning rising time, sleep-
onset latency, and night sleep duration), insomnia, and hypnotic use over a 1-month time
interval (33).

Daytime Sleepiness—The Epworth Sleepiness Scale (ESS) provides a measurement of a
subject's general level of daytime sleep propensity: it asks individuals to estimate the
likelihood of dozing off or falling asleep in 8 different sedentary situations(34). The ESS
correlates to some extent with mean sleep latencies on the objective Multiple Sleep Latency
Test (MSLT) and with the degree to which people complain of sleepiness(35-36).

Sleep Related Quality of Life—The Functional Outcomes of Sleep Questionnaire
(FOSQ) was developed to assess how sleepiness impacts activities of daily living(37).
Participants rate the 30 items from “no difficulty” to “extreme difficulty.” The questions are
grouped into five factors: activity level, vigilance, intimacy, sexual relationships, general
productivity, and social outcomes. In addition to the total score obtained from the sum of
factors, each factor is scored individually. A lower score indicates more sleepiness effects on
a subject's daily activities.
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Statistical Analysis

Results

We conducted comparisons between DSPD and evening-types. Analyses included student's
t-tests for continuous variables, or chi-square and Fisher exact tests for categorical variables.
In order to quantify the magnitude of the effect, odds ratios (OR) were calculated for
differences in occurrence of psychiatric disorders using R statistical software (38).
Univariate OR models were conducted followed by multivariate models adjusting for age,
race, gender, sleep duration (actigraphy), PSQI score and FOSQ score. Odds ratio of having
Axis-I diagnoses were calculated with evening-type participants used as the reference group
for each of the disorders. Missing questionnaire data were due to participants either failing
to complete the questionnaires or not completing them correctly. Two DSPD participants
had missing actigraphy data due to actigraph failure. Statistical significance was defined as
p<.05 on two tailed tests.

Comparison of DSPD and Evening-types

Sleep, Sleep related Quality of Life and Circadian Chronotype—Rest-activity data
indicated that DSPD participants had a significantly later sleep end (p=0.02), and longer
actual sleep time (p=0.04), than evening-types (Table 1). Questionnaire data indicated that
DSPD participants also had significantly poorer sleep related quality of life on the FOSQ
(p=0.04) and a trend for poorer sleep quality on the PSQI compared to evening-types
(p=0.06). Furthermore the DSPD participants had significantly lower Horne-Ostberg
questionnaire scores than the evening-type (p<0.01) group indicating a greater evening
preference. There were no significant differences between the groups for the use of sleep
medications (13% for both groups) or psychiatric medications (20% for DSPD and 13% for
evening-types).

Occurrence of Axis-I disorders in DSPD and Evening-types—The percentage of
participants that met criteria for an Axis-1 disorder by major category is presented in Figure
1 and a detailed break down of the number of participants with a specific Axis-1 disorder
diagnosis is presented in table 2. For each Axis-I disorder there were no significant
differences between the DSPD and evening-types (Table 2). However, there was a trend that
evening-types were more likely to have met criteria for >1 past diagnosis of an Axis-I
disorder than those with DSPD (p=0.07) (Figure 1).

Forty percent of the participants met criteria for past and 20% met criteria for current
diagnosis of substance use disorder. Fifty percent of those who were diagnosed with alcohol
abuse or dependence, were in college at the time of the abuse, and primarily reported
drinking for social reasons. There were no significant differences between groups for
alcohol or substance use disorders (Table 2.).

The most common mood disorder in this sample was major depressive disorder (MDD), a
past diagnosis was reported in 35% of DSPD and 40% of evening-types. In addition,
approximately 33% of those with a diagnosis of MDD reported recurrent episodes that did
not appear to be seasonal since they occurred at different times of the year. Considerably
fewer individuals in both groups met current criteria (Ssymptoms in the past 2 weeks) for
MDD.

The most common anxiety disorder was specific phobia, examples of the most frequently
reported type of phobia are listed in Table 2. Eleven participants (n=5 DSPD and n=6
evening-types) met criteria for a past diagnosis of post traumatic stress disorder (PTSD).
The trauma experienced by these participants was abuse in all but one case.
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Evening-type participants were more likely to have greater than one past Axis-I diagnosis
than DSPD (OR 0.2, 95% CI=0.05, 0.77, p=0.02). This was the only significant multivariate
association between DSPD status and Axis-1 disorders. There was, however, a trend for
evening-types to be more likely to have a past diagnosis than DSPD (OR 0.3, 95% CI1=0.09,
1.1, p=0.07).

Discussion

Although greater psychiatric symptoms have been reported previously in those with DSPD
or evening-type preference, this study is the first to systematically examine differences in
the occurrence of psychiatric diagnoses in those with DSPD compared to individuals with
just an evening-type preference. We hypothesized that there would be a greater likelihood of
an Axis-1 disorder in those with DSPD compared to evening-types. However, in this study
there were no significant differences in the occurrence or types of disorders between the
groups. This would suggest that the occurrence of psychopathology in DSPD is primarily
influenced by having an evening chronotype, rather than a sleep complaint (i.e. DSPD) per
se, and that the underlying mechanism (s) is an involvement of the circadian timing system.

Although it should be pointed out that sleep is likely to play a role in the prevalence of
psychiatric disorders, since both groups had poor sleep quality, but in different ways. While
those in the evening-type group did not report insomnia, daytime sleepiness, or problems
with daytime functioning due to their sleep, they did have a significantly shorter objective
sleep duration, which was mostly likely due to the earlier wake time, and lower sleep
efficiency compared to the DSPD group. This was an unexpected finding considering that
those with DSPD are diagnosed with a sleep disorder and the evening-types are not. While
the evening-types seem to have poorer objective sleep quality, the DSPD group had worse
subjective sleep quality (PSQI score) and sleep related quality of life (FOSQ) and a lower
Horne-Ostberg score (indicating greater eveningness),than the evening-types. Controlling
for sleep duration, subjective sleep quality (PSQI) and sleep-related quality of life (FOSQ)
did not change the associations between group and psychiatric diagnoses.

The only significant difference between the groups, after controlling for demographic and
sleep variables, was for the evening-type group to have an increased likelihood for having
met criteria for >1 disorder in the past. Since none of the sleep or demographic factors by
themselves were associated with having more than one past diagnosis. Why then would the
evening-types be more likely to have more than one past diagnosis? Perhaps for some
evening-types this preference and the associated alterations in sleep manifests not in a sleep
complaint as reported by those with DSPD but in psychiatric disorders.

The number of current axis-1 diagnosis reported in this sample is considerably higher (~50%
current) than that reported in the general population (26.2%, 12 months) (39). The most
common psychiatric diagnoses in this study were mood, anxiety and substance use
disorders, similar to those reported previously for DSPD and evening-types. These
comparisons should be made with caution however, because our sample was not randomly
selected and therefore not a true estimate of prevalence.

A past diagnosis of major depressive disorder (MDD) was the most common mood disorder
reported (~40%) in both groups. Of those participants with MDD approximately a third had
recurrent episodes. Although the presence of seasonal affective disorder was not specifically
examined in this study, review of the time of the year of the reported depressive episodes did
not indicate seasonality. This is an important distinction as seasonal affective disorder is
thought in some cases to be associated with a circadian phase delay (40-41) and an evening-
type preference (42). In the general population the prevalence for lifetime major depressive
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disorder is about 16.2% (43), considerably lower than the percentage reported in this sample
of DSPD/evening-type individuals. Anxiety disorders were also common among the
participants, with specific phobia being the most prevalent, a finding that has not been
reported previously in those with DSPD or evening-type circadian preference.

Another interesting finding was the high occurrence of substance use disorder among both
groups (current <15%). This is in contrast to data from the general population in the USA
which reports substance use disorder in the past 12 months at 3.8% (39). The high
occurrence in this sample was largely contributed by the high level of alcohol use disorder.
For those who met the criteria for alcohol abuse, approximately 50% of episodes occurred
when they were young adults or while in college, a time when alcohol abuse (44) and binge
drinking are common (45). An alternate explanation is that those with an evening-type
diurnal preference, particularly at the age of reported abuse, may be more likely to have poor
health related behaviors. For example, previous studies have reported that evening-types
may be more likely to smoke (46-47) or to use alcohol (48), sleep medications and caffeine
(49). While there is no direct evidence of this from the current study self medication of
insomnia symptoms with alcohol and drugs has been reported in DSPD (29) and may, in
part, explain the number of individuals with a substance use diagnosis.

The underlying mechanisms that link psychiatric disorders with the evening circadian
chronotype are unknown. We hypothesize a common link between circadian function and
vulnerability for psychiatric disorders. However, alterations in homeostatic regulation of
sleep or its interaction with circadian processes, sleep-wake behaviors and sleep disruption
(such as the short sleep duration and poor sleep efficiency reported here in the evening-type
group) may also play a role in the development of psychiatric disorders. Sleep-wake is
believed to be controlled by two opposing processes; the circadian alerting signal and the
homeostatic drive for sleep (6-7). The homeostatic drive for sleep increases with the time
awake, and an alteration in the build up or dissipation of this homeostatic drive could
influence sleep-wake timing and behavior. In the current study we did not directly assess the
relative contribution of homeostatic versus circadian timing on the relationship between
circadian chronotype and psychopathology. In the current study we only measured the
timing of the rest/activity cycles. Therefore, a limitation of this study was the lack of direct
markers of circadian phase (i.e. melatonin profiles) or homeostatic decay. Recent data
indicate that “morningness” and “eveningness” may also be determined by homeostatic
mechanisms. For example, there is evidence that evening-types with intermediate circadian
phases have lower levels of slow wave activity and slower homeostatic decay of sleep
pressure than morning-types with an intermediate circadian phase, interestingly this
relationship is not evident in morning and evening-types with extreme circadian phases(50).

Furthermore, behavioral factors such as a reduction in light exposure across the day could
contribute to depressive symptomatology. For example, low light levels in the fall and
winter have been implicated as a mechanism in seasonal affective disorder. The limited data
of light exposure in adult DSPD and evening-types are inconsistent (51-52). Further support
for the role of exposure to circadian synchronizing agents and therefore the circadian
hypothesis comes from the finding that stabilization or strengthening of social and
behavioral circadian rhythms improves recovery from bipolar depression and could decrease
vulnerability to the illness (53-55).

The finding in our study that the evening chronotype, rather than DSPD per se was
associated with psychiatric disorders also supports a common physiological or molecular
basis for this relationship. For example, both DSPD (56-57) and evening chronotype (58)
have been associated with a longer than normal circadian period. A longer circadian period
can make it more difficult to entrain to a 24 hour cycle and to maintain a regular social and
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professional schedule. Circadian period is likely genetically determined and linked to
circadian clock genes. Several studies have found alterations in circadian clock genes in
those with circadian rhythm sleep disorders and extreme circadian preference (59-65).
Examination of molecular changes in evening-types with and without psychiatric diagnosis
may be extremely useful in elucidating the role of the circadian clock in mental health.

Results of our study are limited by aspects of our methodology. The use of a convenience
sample limits the generalizablility of our findings to the population as a whole. Furthermore,
while the use of a DSM-1V based diagnostic classification provides information on whether
individuals meet criteria for diagnoses it does not provide information on the severity of
those illnesses. The sample size for our study was relatively small, yet larger than most
studies of DSPD. However, a post-hoc power analysis demonstrated power >90% for more
than one past diagnosis and phobia (66), which suggests that Type Il error is an unlikely
explanation for our results.

In summary, results of this study support the hypothesis of a common link or genetic
susceptibility between evening circadian chronotype and psychiatric disorders, highlighting
the important role of circadian regulation in mental illness. Thus, it is important for
clinicians to recognize that mood, anxiety and substance use disorders are common in
patients with circadian rhythm misalignment, such as seen in DSPD or extreme evening-
types who attempt to conform to the “usual” work day. The likely bidirectional nature of the
relationship between circadian rhythms and mood regulation suggest that a multimodal
approach that incorporates both circadian measures to optimize synchronization of circadian
rhythms, as well as treatment of the psychiatric disorder is likely to yield the best outcomes
in the management of anxiety and mood disorders.
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Figure 1.

Graphic representation of the percent of participants that meet criteria for a particular
category of disorder by history and currently. Any diagnosis (Any Dx), greater than one
diagnosis (>1 DX). t indicates a trend (p=0.07) between DSPD and evening-types.
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Table 2

The number of cases of each type of Axis-I disorders by category according to the Structured Clinical
Interview for DSM-IV recorded as past or current diagnoses in Delayed Sleep Phase Disorder (DSPD) and
Evening-Types (ET).

DSPD ver sus Evening-types (ET)

Past Current
DSPD (n=48) ET (n=25) DSPD (n=48) ET (n=25)
Substance Use Disorders
Alcohol Use Disorders
Alcohol Dependence 6 5 5 2
Alcohol Abuse 9 4 2 4

Other Substances Use Disorders?

Substance Dependence 6 4 1 0
Substance Abuse 8 1 0 1

Mood Disorders

Major Depressive Disorder 17 10 4 4
Other Depressive Disorders
Dysthymic Disorder 2 0 2 0
Depressive Disorder NOS 2 1 0 0
Bipolar Disorders
Bipolar | 1 1 1 1
Bipolar 11 0 0 0
Anxiety Disorders
Panic Disorder 3 2 2 1
Anxiety Disorder NOS 2 1 2 1
PTSD 5 6 1 5
OCD 1 2 0 1
Other Anxiety Disorders
Social Phobia 6 2 5
Specific Phobia@ 13 9 12 7
Generalized Anxiety Disorder 1 0 0 0
Eating Disorders
Bulimia 1 0 0 0
Anorexia 0 1 0 1
Schizophrenia and Psychotic Disorders
Schizoaffective Disorder 1 0 1 0
Adjustment Disorders
Adjustment Disorder 2 2 0 1
Other Disorders
Impulse Control Disorder 1 0 0 0
Bereavement 2 3 1 0
Trichotillomania 1 0 1 0
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@Example of commonly reported phobias to: Situational Type (planes, flying, cars, bridges, closed spaces), Blood-Injection-Injury Type, Natural
Environment Type (heights, the dark, water), Animal Type (dogs, birds, sharks, insects, spiders)

Example of commonly abused substances: Cannabis, Cocaine, Amphetamines, Opioids, Hallucinogens, Crystal Meth, Unspecified.
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