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Abstract

Background—Cannabis legalization in Colorado resulted in increased cannabis-associated
health care utilization. Our objective was to examine cooccurrence of cannabis and mental health
diagnostic coding in Colorado emergency department (ED) discharges and replicate the study in a
subpopulation of ED visits where cannabis involvement and psychiatric diagnosis were confirmed
through medical review.

Methods—We collected statewide ED International Classification of Diseases, 9th Revision,
Clinical Madification diagnoses from the Colorado Hospital Association and a subpopulation of
ED visits from a large, academic hospital from 2012 to 2014. Diagnosis codes identified visits
associated with mental health and cannabis. Codes for mental health conditions and cannabis were
confirmed by manual records review in the academic hospital subpopulation. Prevalence ratios
(PRs) of mental health ED discharges were calculated to compare cannabis-associated visits to
those without cannabis. Rates of mental health and cannabis-associated ED discharges were
examined over time.

Results—Statewide data demonstrated a fivefold higher prevalence of mental health diagnoses in
cannabis-associated ED visits (PR = 5.35, 95% confidence interval [Cl], 5.27-5.43) compared to
visits without cannabis. The hospital subpopulation supported this finding with a fourfold higher
prevalence of psychiatric complaints in cannabis attributable ED visits (PR = 4.87, 95% CI =
4.36-5.44) compared to visits not attributable to cannabis. Statewide rates of ED visits associated
with both cannabis and mental health significantly increased from 2012 to 2014 from 224.5 to
268.4 per 100,000 (p < 0.0001).

Conclusions—In Colorado, the prevalence of mental health conditions in ED visits with
cannabis-associated diagnostic codes is higher than in those without cannabis. There is a need for
further research determining if these findings are truly attributed to cannabis or merely coincident
with concurrent increased use and availability.
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Medical cannabis liberalization in 2009 resulted in a rapid increase of the social
acceptability of marijuana use in Colorado. In November 2012, Colorado voters approved
state constitutional amendment 64, making recreational marijuana legal and further
increasing the accessibility of cannabis use in the state. Fully legal state sales of cannabis to
the general public began on January 1, 2014. The legalization of medical cannabis in 2001
and the development of a fully commercialized medical cannabis industry in 2009 led to
normalized and destigmatized use preceding full legalization. Increased patient reporting
and increased provider surveillance occurred during this period, prior to full legalization,
thus providing a unique setting to examine health-related associations with cannabis use that
minimizes reporting and surveillance bias. Questioning cannabis use patterns has become
standard practice in Colorado emergency departments (EDs) since 2010.2 Thus, Colorado
provides the optimal environment to study health outcomes associated with cannabis use.

Emergency department data provide a unique perspective on emerging disease trends. This
perspective is especially important when new exposures, such as increased cannabis
utilization, become more common. Emergency physician observations have yielded
increased understanding of the health impact of cannabis, such as tourist ED visits related to
marijuana3, butane hash oil associated burns®, cannabinoid hyper-emesis®, and many other
conditions.® Similarly, Colorado emergency physicians have noted an increase in cannabis
associated psychiatric visits to local EDs.” However, it is unclear if this association is due to
increased use in the general population or if there is a disproportionate rise in cannabis
associated psychiatric visits.

Cannabis use is known to exacerbate some mental health disorders like schizophrenia,
personality, mood, and anxiety disorders.8-22 Cannabis use can result in development of
psychotic symptoms and early onset of psychosis.23-2> Additionally, early cannabis use is a
potential risk factor for diagnosis of psychotic disorders.8:11.12.26 Use of cannabis with high
delta-9-tetrahy-drocannabinol (A9-THC), which is common in Colorado, has been shown to
increase the risk of a first episode of psychosis, and daily use exacerbated this risk.23-26
Acute high doses of A9-THC and cumulative lifetime cannabis use may result in anxiety
attacks or panic disorders.13:27-30 |n an environment where high A9-THC cannabis is the
norm, additional examination of mental health conditions among cannabis users is
warranted.

Survey data demonstrate that past month cannabis use has remained constant in Colorado
residents since legalization in 2014.31 However, increased health care utilization associated
with acute and chronic cannabis use has been observed.3:32-34 According to the Colorado
2014-2016 Behavioral Risk Factors Surveillance System, the prevalence of current mental
health distress (14 or more poor mental health days) was 10.1% and a prior diagnosis of
depression was present in 18.4% of Colorado residents. The estimates were significantly
higher in those who reported using cannabis regularly over the past 30 days; 17.9% of
regular cannabis users had current mental health distress and 29.9% reported a prior
diagnosis of depression.3® Taken together, these findings prompted us to examine the
relationship between mental health care utilization and cannabis use in Colorado.
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Our primary objective was to determine the prevalence ratios (PRs) of mental health
diagnoses among ED visits with cannabis-associated diagnostic codes compared to those
without cannabis-associated diagnostic codes in Colorado. Our secondary objective was to
provide supportive findings in a cohort with case confirmation through medical chart review,
adjudicating cannabis attribution and psychiatric diagnoses in a subpopulation of ED
discharges at a large urban academic hospital.

METHODS
Study Design

This was a cross-sectional study of Colorado Hospital Association ED (CHAED) discharge
data with an additional analysis of a subpopulation of discharges from the University of
Colorado Hospital ED (UCHED) that included chart reviews. Additionally we completed a
retrospective analysis of both populations to examine rates over time. Data were analyzed
from 2012 to 2014, a period chosen to minimize bias when all CHA member hospitals were
reporting their ED discharges and all data were coded consistently in International
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM). This study
period also minimizes reporting and surveillance biases since cannabis policy liberalization
occurred in 2009 allowing patients and providers to become comfortable with discussion of
marijuana use patterns in the health care setting. This study protocol was approved by the
Colorado Multiple Institution Review Board.

Study Setting and Population

CHAED Visits—Analysis of the statewide CHAED discharges was conducted from
January 1, 2012, to December 31, 2014.36 There were 69 member hospitals of the Colorado
Hospital Association at the time of this analysis. These hospitals were representative of
rural, urban, academic, and private hospitals in Colorado. However, the database did not
include inpatient mental health facilities, ambulatory surgical centers, long-term care
facilities, military hospitals, or other outpatient treatment settings. ED visits for both
Colorado residents and nonresidents were included in this analysis. The unit of analysis was
defined as each incident ED visit due to the lack of unique patient identifiers to follow
individual patients within the data set.

UCHED Chart Review—A sample of the larger statewide CHAED visits was selected
from UCHED from January 1, 2012, through December 31, 2014. UCHED data were
included in the aggregate CHAED data though these data sets were analyzed separately. The
UCHED data augment the CHAED data by determination if cannabis contributed to the
incident visit since ICD-9-CM diagnostic codes may also capture distant or unrelated
cannabis use, potentially overestimating the association in the CHAED data set.

Study Protocol

All CHAED visits from 2012 to 2014 were simultaneously coded as 0 or 1 for presence of a
cannabis-associated ICD-9-CM diagnostic code (the exposure), the presence of a mental
health—related diagnostic code (the outcome) in the primary diagnosis. All CHAED visits in
the data set were coded as having marijuana and/or psychiatric ICD-9-CM codes. Those
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with a cannabis-associated ICD-9-CM code in the CHAED data set were excluded since
inclusion of this group may falsely bias results by including transient cannabis-induced
intoxication symptoms, such as intoxication induced panic, rather than a true underlying
psychiatric diagnosis. However, all UCHED visits were reviewed to determine presences of
at least one cannabis-associated ICD-9-CM diagnostic code; the visits were then manually
abstracted and simultaneously determined to be attributed to cannabis (0 or 1) and
determined if there was a psychiatric diagnosis (0 or 1) associated with the visit. After ED
discharges were categorized as associated with cannabis (CHAED) or attributed to cannabis
(UCHED), rates of ED visits associated or attributed to cannabis were calculated for each
year and examined across years 2012, 2013, and 2014 independently and in conjunction
with mental health or psychiatric diagnoses.

Measurements

Cannabis Exposure—In both CHAED and UCHED, cannabis-associated ED visits were
identified by the presence of at least one ICD-9-CM cannabis diagnostic code. These codes
included accidental poisoning by psychodysleptics (E854.1),37 poisoning by
psychodysleptics (969.6),38 nondependent cannabis abuse (codes 305.20-305.23),3% and
cannabis dependence (codes 304.30-304.33).40

Verification of Cannabis Attribution—University of Colorado Hospital ED visits with
cannabis-associated ICD-9-CM codes were abstracted by three trained research assistants
blinded to the study hypothesis. Each visit was considered at least partially attributable to
cannabis if one or more of the following criteria were met: 1) the ED physician identified
cannabis as likely precipitating or contributing to the condition bringing the patient to the
ED, 2) the patient was admitted to the hospital and the inpatient physician identified
cannabis as likely precipitating or contributing to the condition, and/or 3) the urine
toxicology screen was positive and'there was a documented temporal relationship between
cannabis exposure and a condition or event known to be associated with cannabis use (for
example, motor vehicle collisions*1-44 or acute panic attack?”:28). Assessment of cannabis
use is included in the drug use section of the standard nursing assessment questionnaire
performed on every patient seen in the UCHED. In criteria 3, both urine toxicology
screening and temporal use were necessary otherwise the visit was considered not
attributable to cannabis. For abstraction training, 300 UCHED charts with cannabis-
associated ICD-9-CM codes were abstracted by both a medical toxicologist and one of the
research assistants. The research assistants were retrained on the discrepancies identified.
Visits where cannabis attribution was questionable were arbitrated by a single medical
toxicologist (AAM). The same medical toxicologist abstracted a random sample amounting
to 20% of all charts reviewed by the research assistants and the kappa statistic was
calculated to determine inter-rater reliability.

Identification of Mental Health Diagnoses CHAED—The Healthcare Cost and
Utilization Project’s (HCUP) multiple-level Clinical Classification Software (CCS) was
applied to the primary diagnoses of all CHAED visits to identify visits with primary
diagnoses of mental health conditions.#> These visits were identified as a group (“mental
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health conditions™). This group was divided into 13 mental health diagnosis categories, such
as mood disorders, anxiety disorders, schizophrenia, and other psychotic disorders (Table 1).

Verification of Acute Psychiatric Visits UCHED—Visits were confirmed as acute
psychiatric visits through chart review and a final diagnosis of the acute incidence or
exacerbation of depression, anxiety, panic attacks, psychosis, suicidal ideation, suicide
attempts, bipolar, or other mood disorders.

Data Analysis

RESULTS

This study included all ED visits from both populations (CHAED and UCHED) where the
cannabis exposure and mental health diagnoses could be classified. Within the statewide
CHAED visits, crude PRs, and 95% confidence intervals (CI) were calculated for ED visits
with cooccurring mental health primary diagnoses and cannabis-associated diagnostic codes
compared to ED visits with mental health primary diagnoses and no cooccurring cannabis-
associated diagnostic codes. Within the evaluated UCHED visits, the PR and 95% CI was
examined for ED visits with psychiatric diagnosis confirmed through chart review and were
attributed to cannabis compared to ED visits with psychiatric diagnosis but not attributed to
cannabis. PRs are the appropriate epidemiologic summary statistic to characterize outcome
in relation to exposure in this cross-sectional cohort because exposure and outcome were
assessed simultaneously and they account for changing visit denominators and thus this was
the primary analytic method for these longitudinal data.#6 Additionally, the rates of ED
visits associated or attributed to cannabis were calculated and compared to examine trends
across time. Trends across years were tested using univariate logistic regression and
significance was determined by the Wald chi-square test p value of <0.05. Time (years) was
treated as a continuous variable. A sensitivity analysis was performed in a random 1% of
UCHED visits not containing a cannabis or psychiatric ICD-9-CM code to ensure no cases
were missed. The SAS version 9.4 (SAS Institute Inc.) statistical software package was used
for all statistical analyses.

CHAED Visits

There were 4,800,644 ED visits from 2012 to 2014 and 42,390 (0.8%) of these had
cannabis-associated diagnostic codes (Figure 1). Among those, 55,281 (1.1%) ED visits did
not have a primary diagnosis and 3,358 (0.1%) had a cannabis-associated code in the
primary diagnosis and were excluded. This left 4,742,005 (98.8%) ED visits with primary
diagnosis codes and 39,032 (0.8%) with a cannabis-associated diagnostic code. When
examining all mental health conditions, there were 284,741 (6.0%) ED visits having a
mental health condition and 12,113 (0.2%) having a mental health condition with
cooccurring cannabis diagnostic code(s) (Figure 1). When examining the 13 mental health
categories, there were an additional 48,832 (1.0%) ED visits excluded from the denominator
because the primary diagnosis was not specific enough for further classification; none of
these codes were mental health conditions. There were 102,506 (36.0%) ED visits with
primary diagnosis of alcohol-related disorders and 29,087 (10.2%) ED visit with primary
diagnosis of substance-related disorders. Both of these categories were not further examined.
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Final analysis of the 13 mental health categories included 4,693,173 (97.8%) ED visits, and
38,301 (0.8%) had cannabis-associated diagnostic codes (Figure 1).

From 2012 to 2014 there were 253,360 total ED visits at the UCHED. There were 13,043
(5.15%) visits due to psychiatric primary diagnosis over this time period and there were
2,603 (1.03%) visits with a cannabis-associated diagnostic code(s). Among those with a
cannabis-associated diagnostic code, 975 (37.50%) were deemed partially attributed to
cannabis by individual chart review and 241 (24.72%) were confirmed psychiatric visits
(Figure 1). The sensitivity analysis did not reveal any additional cannabis associated visits or
psychiatric diagnoses missed by the ICD-9-CM data extraction indicating near perfect
sensitivity of the diagnoses coding. The Cohen’s kappa statistic was 0.91 (95% CI = 0.87-
0.95), indicating excellent inter-rater agreement.#’

Main Results

There was a fivefold greater prevalence of mental health primary diagnoses among statewide
CHAED visits with cannabis-associated diagnostic codes compared to ED visits without
cannabis-associated diagnostic codes (PR = 5.35, 95% CI = 5.27-5.43). Visits with mental
health primary diagnoses comprised 31.0% of ED visits with cannabis-associated diagnostic
codes. Other prominent categories included injuries and poisonings (12.7%), diseases of the
nervous system (7.6%), diseases of the respiratory system (6.4%), and diseases of the
digestive system (6.3%). Examination of the 13 mental health diagnosis categories revealed
greater prevalence of 12 of the mental health diagnosis categories when cannabis-associated
diagnostic codes were present compared to ED visits without cannabis-associated diagnostic
codes (Table 1). The rates of statewide CHAED visits with cannabis-associated diagnostic
codes significantly increased from 2012 to 2014 from 823.5 (95% CI = 756.7-890.2) to
1,146.1 per 100,000 (95% CI = 1,079.4-1,212.8, p < 0.0001). The rates of CHAED visits
with both a cannabis-associated diagnostic code and a mental health primary diagnosis also
significantly increased from 2012 to 2014 from 224.5 (95% CI = 216.8-232.3) to 268.4 per
100,000 (95% CI = 260.7-276.0, p < 0.0001; Figure 2).

The UCHED data support the CHAED findings with a fourfold greater prevalence of
psychiatric related ED visits in ED visits partially attributed to cannabis compared to ED
visits not attributable to cannabis (PR = 4.87, 95% CI = 4.36-5.44; Table 2). The rates of
UCHED visits attributed to cannabis have significantly increased from 2012 to 2014 from
289.6 (95% CI = 249.9-329.3) to 455.6 per 100,000 (95% CI = 413.34-497.8, p < 0.0001).
The rates of UCHED visits attributable to cannabis in confirmed psychiatric visits increased
from 2012 to 2014 from 75.2 (95% CI = 55.0-95.5) to 103.2 per 100,000 (95% CI = 83.0-
123.3, p = 0.0815; Figure 2).

DISCUSSION

Colorado experienced a fivefold greater prevalence of mental health diagnoses in ED visits
with cannabis-related diagnostic codes compared to ED visits without cannabis-related
diagnostic codes. This finding was replicated in a subpopulation of ED visits at a large urban
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hospital where cannabis involvement and psychiatric diagnoses were verified. Furthermore,
our findings showed state-level increases over time in the rate of ED visits with cannabis-
associated diagnostic codes, which was also supported by the subpopulation analysis. We are
aware that the study design and data sources generating these findings are limited. ED data
are often used to identify emerging health concerns in public health at the population level.
48-51 For example, ED documentation of opioid overdoses was critical is describing the
national opioid epidemic.52:53 These findings describe and document patterns in mental
health ED visits and cannabis coding. They are intended to be hypothesis-generating and
support future studies especially in vulnerable populations such as individuals diagnosed
with mental health conditions.

As more states legalize cannabis across the country it is critical that the impacts of
legalization are well described so that legislatures and voters make informed decisions
related to public health policy and practice. It is especially critical to describe any effects
among vulnerable populations like those with mental ilinesses. Increased ED psychiatric
visits in states with poor psychiatric resources can result in significantly longer ED visits and
poorer mental health outcomes.>* The UCHED study showed a 30% (increase from 75 to
103/100,000 visits) increase over the time period, which can have direct impact on hospital
systems if they can be prevented. While this increase was not statistically significant in the
UCHED data set, likely due to the smaller population, a significantly increased rate was
identified in the larger, CHAED data set. This 30% increase is clinically significant given
longer ED length of stay and limited psychiatric inpatient bed availability in Colorado.5556
While not implying causation, these paired findings suggest that EDs and other health care
facilities in cannabis-legalized states may experience increased numbers of mental health
visits associated with cannabis use.

These findings highlight the need for prospective cohort studies that can parse out the
relationship between cannabis use and mental health within a legalized environment. In
2015, an estimated 70.4% (8.1 million) of U.S. adults 18 and older with past-year substance
use disorders also reported mental illness conditions.>” This high burden combined with
strong associations between cannabis use and mental health disorders highlight the need to
develop research cohorts, in a legalized environment, for follow-up of clinical, behavioral,
social, and demographic data to determine the effect of legalized environments on mental
health conditions.8-30 These studies can also distinguish the degree to which people with
mental health illnesses self-medicate using cannabis. This is a necessary data element to
capture given that the prevalence of mental health ED visits, among ED visits with cannabis-
associated diagnostic codes, is greater than any other disease category in Colorado, and it is
unclear how many patients are using cannabis to treat their disease. Colorado has preceded
other states in cannabis policy liberalization with significant increases in cannabis
availability. This paired with relatively poor access to mental health resources may increase
this effect size in Colorado. A prospective cohort study that captures these regional
variations in both cannabis policy and mental health treatment access may help delineate the
contributing factors that have resulted in this rise of cannabis associated emergency mental
health visits.
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LIMITATIONS

These data are limited due to the retrospective nature and the inability to determine causality.
There are several possibilities for the findings in this study. It is possible we are capturing
increases in reporting cannabis use from patients or increases in surveillance protocols of
cannabis use from health care providers due to policy liberalization. However, there is a long
cannabis history in Colorado that contributed to the product becoming legalized. We saw a
major increase in patient reporting and provider surveillance after medical liberalization in
2009. Thus, reporting of use in patients and increased surveillance was present for over 2
years prior to this study period. We believe that this history makes Colorado the optimal
setting for reducing, though admittedly not eliminating, the surveillance and reporting bias.
We acknowledge that it remains opaque whether the rates prior to legalization were lower
due to decreased reporting and decreased surveillance of cannabis use because the product
was illicit; however, more years of data in a legalized environment may elucidate this
limitation. Unfortunately, other states, even with similar marijuana policy have combinations
of varied timing between medical and recreational legalization, differences in cannabis
availability and differences in mental health care access making a reasonable comparator
impossible. Additional biases resulting from extending these analyses outside of the
Colorado region complicate the findings further. Nevertheless, these findings show a new
normal in Colorado with rates of cannabis use and mental health care ED visits at 268.4
visits per 100,000 ED visits.

It is likely that patients with mental health evaluations and diagnoses have more thorough
questioning around substance abuse habits than other ED complaints. Therefore, asymmetric
drug screening in mental health patients compared to the general patient population may
overestimate the association in mental health-related ED visits compared to other conditions.
We address these limitations in the subpopulation analysis with direct chart review that
conservatively required both temporally related cannabis use confirmed with urine
toxicology screening. Furthermore, patients with substance abuse disorders, a common
cooccurring diagnosis with mental health disorders that may be documented below the
primary diagnosis, may be directly admitted to detoxification programs and thus would not
be captured in the ED discharges.>8 Additionally, lower access to mental health resources in
Colorado compared with other states may result in more ED visits in those with mental
health conditions thus artificially inflating the association rates.

There are limitations in the ICD-9-CM coding system in identifying both cannabis use and
mental health conditions within the statewide data. The use of only primary diagnoses for
state mental health CHAED visits misses ED visits with mental health-related complaints
documented in secondary or tertiary diagnostic codes. However, this misclassification would
underestimate the amount of statewide ED visits with mental health diagnoses and cannabis-
associated diagnostic codes and bias the findings toward the null hypothesis. Additionally,
measuring cannabis use with cannabis ICD-9-CM coding within the statewide ED visits may
be capturing regular marijuana use much like screening for tobacco use. Also, it is possible
that we captured medical cannabis use that patients may be using to treat a mental health
condition. Conversely, it is possible we misclassified mental health conditions as not
involving cannabis use when in fact cannabis use was involved but not documented.
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The statewide CHAED data provides a larger, more geographically diverse cohort of visits
with a cannabis diagnostic code; however, a major limitation with a large secondary dataset
is the inability to determine the role cannabis played in the visit. To mitigate these
limitations, we included a subpopulation analysis of UCHED visits, a large urban hospital
with medical record review for visit attribution to cannabis. The findings among the UCHED
subpopulation analysis support the statewide findings. However, in the UCHED
subpopulation it was possible that a visit met criteria 3 (being positive for a urine drug
screen and having temporally documented cannabis use in a condition known to be
association with cannabis) and, for example, a patient used medical cannabis and was
involved in a motor vehicle accident but was not at fault. This may overattribute cases to
cannabis exposures, although we would expect this to have a small effect. Adversely, if there
was no documentation of the timing of use or if there was not urine toxicology screen, a visit
that was truly attributed cannabis use would not be coded as such. This limitation would
underestimate cannabis attribution. We believe that it was more likely that we
underestimated cannabis attribution and our approach was conservative in minimizing the
risk of overattribution within the hospital level data. Neither the statewide data nor the
UCHED data are able to accurately quantify the amount of cannabis utilized and therefore
we are not able to determine if there is a dose effect of this exposure by these data.

It is possible that our findings in the statewide data are overestimated due to multiple visits
by the same individuals who have mental health conditions and are cannabis users. One
would expect to see repeat ED visits among noncannabis users and non—-mental health
patients as well. It is unlikely that duplicate patients would account for all these findings, but
repeat visits may be disproportionate among those with mental health conditions. Patients
with mental health disorders are more likely to have multiple ED visits within a year which
may be less likely in other emergency conditions, such as trauma.®® The UCHED data
demonstrate that only seven individuals had two visits and two patients had three visits
supporting our assertion that this was a minor contributing factor. Unfortunately, with the
available statewide data ED visits cannot be matched with high probability at the patient
level at this time.

It is possible that with cannabis liberalization more people are using recreational cannabis to
self-medicate. This could lead to inappropriate administration and adverse health outcomes.
The number of registered medical marijuana patients spiked in 2010 at 116,198 patients and
has slightly declined to 113,745 patients in 2014 after recreational legalization.6? The
plateau of the number of medical marijuana patients could indicate that people are using the
legalized market to self-medicate without direction from a physician. However, there is
incentive to become a registered medical marijuana patient because medical cannabis has a
lower tax and the THC concentration in cannabis-infused products is regulated differently
than recreational cannabis.! It is unlikely that this would account for all of the observed
increase in rate.

The final and most concerning possibility is that these findings are due to legalization and
increased utilization of cannabis. Although there is no baseline prevalence data of mental
health conditions among regular cannabis user prior to legalization, there was an increase in
mental health distress among regular cannabis users in Colorado from 15.4% (95% CI =
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12.1%-18.7%) in 2014 to 19.9% (95% CI = 17.0%-22.9%) in 2016 with no changes in
mental health distress among the general population at this time (10.0%).3° Clearly many
factors are associated with increased mental health distress and cannabis use is only one
potential contributing factor. Past 30-day and regular cannabis use remains flat in the state at
13.5%. It is possible that the established users are using more or exploring new products,
which could lead to increases in adverse health outcomes. Sales data are the closest proxy to
the prevalence of cannabis use in Colorado. Cannabis flower, edibles, and nonedible sales
have increased 126.4%, 77.6%, and 36.8% from 2014 to 2016 with the highest gross sales
documented in 2016.51 Thus, sales of cannabis continue to increase but the rate of use is
unchanged suggesting higher use by the same individuals. Concurrent with this, we have
observed an increased rate of cannabis-associated emergency mental health visits.

It is possible that all of these limitations, added together, account for these measured
increases and there is no true increase in cannabis attributed emergency mental health
disease. However, we believe that these data suggest an increase in cannabis-attributed
mental health visits with the acknowledged limitations taken into account. It is unclear what
the true increase in this rate is due to these limitations. The current study is only
generalizable to EDs in Colorado but are more representative of the Denver-metro area in
Colorado, which has one of the highest prevalence of cannabis users (16.8%) and highest
number of hospitals reporting to the CHA.52 These findings may be validated with research
conducted at the patient level or a prospective cohort study. Additionally, the ICD-10-CM
coding system allows for diagnostic coding of cannabis intoxication, use, abuse,
dependence, and poisonings. More work should be done to identify the reasons for these
increases. If these observations do represent an increase of disease due to increased cannabis
use, then cannabis legalization may burden an already vulnerable mental health population.

CONCLUSIONS

In summary, in Colorado, the prevalence of mental health conditions in ED visits with
cannabis use diagnostic codes is higher than in ED visits without cannabis use diagnostic
codes. Further research should focus on determining if these findings are truly attributed to
cannabis or merely coincident with concurrent increased use and availability. Examination in
other regions with variable cannabis policy, varied cannabis availability, and variable access
to mental health treatment may allow for more precise quantification of each factors’
contribution to these observations.
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4,742,005 (98.8%) Wental Healfh
Primary diagnoses (PDX)—¥| laghosis Total
e Yes No
classified
4,800,644 i Cannabis | Yes | 12,113 26,919 39,032
Total ED Visits - Code(s)® | No | 272,628 | 4,430,345 | 4,702,973
Exclusions: Total 284,741 | 4,457,264 | 4,742,005
No PDX: 55,281 (1.1%)
Cannabis PDX: 3,358
(0.1%)
v
Exclusions: 13 Mental Heahlth
Non-specific PDX: > Categories Total
48,832(1.0%) Yes | No
Cannabis | Yes a c 38,301
Code(s)* | No b d | 4,654,872
Total a+b c+d | 4,693,173
University of Colorado Hospital Emergency Department Visits, 2012-2014
(Large, urban, academic hospital)
Psychiatric
Diagnosis’ Total
" Yes No
253,360 5,000 (110820) ED Partially
Total ED Visits | 7| Visits with cannabis == agtributed | Yes | 241° | 734 975
code(s)® reviewed to
Cannabis® | No | 12,802 | 239,583 | 252,385
Total 13,043 | 240,317 | 253,360

Figurel.

Data extraction algorithms for statewide and urban academic hospital ED, Colorado 2012—

2014. 31CD-9-CM codes of accidental poisoning by psychodysleptics (E854.

1), poisoning

by psychodysleptics (969.6), nondependent cannabis abuse (codes 305.20-305.23), and

cannabis dependence (codes 304.30-304.33). PMental health-related ICD-9-

CM code in the

primary diagnosis specific for schizophrenia and other psychotic disorders; suicide and
intentional self-infiicted injury; mood disorders; personality disorders; impulse control
disorders; adjustment disorders; developmental disorders; attention deficit, conduct, and
disruptive behavior disorders; screening and history of mental health and substance abuse
codes; anxiety disorders; miscellaneous mental disorders; disorders usually diagnosed in
infancy, childhood, or adolescence; and delirium, dementia, and amnestic and other
cognitive disorders. °See Table 1 for numbers. 9Mental health-related ICD-9-CM code in the
primary diagnosis, excluding substance use— and alcohol use-related codes. ¢Cannabis
involvement was determined by chart review for participating or contributing to the

condition bringing the patient to the ED. fPsychiatric visits were determined

by manual chart

review and included acute depression, anxiety, panic attacks, psychosis, suicidal ideation,
suicide attempts, bipolar and other mood disorders. ICD-9-CM = International Classification

of Diseases, 9th Revision, Clinical Modification.
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Figure 2.
Rates of ED discharges involving cannabis per 100,000, 2012-2014. Involving cannabis was

determined by ICD-9-CM codes of accidental poisoning by psychodysleptics (E854.1),
poisoning by psychodysleptics (969.6), nondependent cannabis abuse (codes 305.20—
305.23), and cannabis dependence (codes 304.30-304.33) in the CHAED discharges and by
chart review for cannabis participating or contributing to the condition bringing the patient
to the UCHED discharges. Mental health diagnosis was determined by mental health-related
ICD-9-CM code in the primary diagnosis, excluding substance use— and alcohol use-related
codes in CHAED discharges and psychiatric diagnosis was determined through records
review in UCHED discharges. CHAED = Colorado Hospital Association ED discharges
(statewide); ICD-9-CM = International Classification of Diseases, 9th Revision, Clinical
Modification; UCHED = University of Colorado Hospital ED discharges (large, urban,
academic hospital).
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University of Colorado Hospital ED Visits, January 1, 2012, to December 31, 2014 (N = 253,360)

ED Visits Partially

ED VigtsWiih ED Visits Partially Attributed to
Total ED visits, (N=  Cannabis Codes” (n = Attributed to Cannabis and
Clinical Variable 253,360) 2,603) Cannabis (n = 975) Ps/chiatricJr (n=241)
Age (years), median (IQR) 52 (26-79) 34 (25-47) 30 (23-40) 28 (22-39)
Male sex 107,569 (42.46) 1,701 (65.35) 631 (64.72) 188 (78.01)
Race
Al and AN 1,415 (0.56) 9(0.35) 1(0.10) 0 (0.00)
Asian 6,785 (2.68) 23 (0.88) 13 (1.33) 3(1.29)
African American 69,916 (27.60) 1,002 (38.49) 364 (37.33) 76 (31.54)
NH and Other Pl 642 (0.25) 7(0.27) 4(0.41) 1(0.41)
White 116,523 (45.99) 1,187 (45.60) 421 (43.18) 120 (49.79)
Mixed race 56,851 (22.39) 369 (14.18) 169 (17.33) 40 (16.60)
Unknown 1,228 (0.48) 6 (0.23) 3(0.31) 1(0.41)
Hispanic 55,868 (22.05) 387 (14.87) 177 (18.15) 44 (18.26)
Disposition
Admit/transfer 46,167 (18.22) 1,362 (52.32) 221 (22.67) 60 (24.90)
Discharge/ED observation/expired 200,221 (79.03) 1,128 (43.33) 703 (72.10) 180 (74.69)
AMA/left before visit complete 6,972 (2.75) 19 (0.73) 11 (1.13) 1(0.41)

Data are reported as 7 (%).

Al = American Indian; AMA = against medical advice; AN = Alaska native; IQR = interquartile range; NH = Native Hawaiian; PI = Pacific

Islander.

*
International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes: accidental poisoning by psychodysleptics
(E854.1), poisoning by psychodysleptics (969.6), nondependent cannabis abuse (codes 305.20-305.23), and cannabis dependence (codes 304.30—

304.33).

TPsychiatric visits were determined by manual chart review and included acute depression, anxiety, panic attacks, psychosis, suicidal ideation,

suicide attempts, and bipolar and other mood disorders.
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