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ABSTRACT
The International Classification of Diseases, 10th Revision,
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indicator rates after implementation of the new coding
scheme suggest the use of caution when interpreting
trends spanning the ICD-9-CM to ICD-10-CM transition.
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Adult cannabis use is now legal in 10 states and
Washington DC, and over half the states allow
medical or decriminalised cannabis use.1 In Colorado, medical-use cannabis was legalised in 2000,
and retail cannabis was legalised in 2012, with
sales beginning in 2014.2–4 As more states approve
adult-use cannabis laws, it is important to accurately
track cannabis-related health outcomes, which may
shift in relation to the accessibility, potency and
variety of cannabis products available. Hospitalisation and emergency department (ED) discharge
data, based on the Uniform Billing 2004 (UB-04)
form, provide a population-level data source for
surveillance of adverse health encounters involving
substance use,5 6 which Colorado has historically
used to measure cannabis legalisation impacts on
public health.7–10 On 1 October 2015 the USA
transitioned from the International Classification
of Diseases, 9th Revision, Clinical Modification
(ICD-9-
CM) to the 10th Revision (ICD-10-
CM),
greatly expanding both the number and specificity of cannabis-
related diagnostic codes. The

number of codes related to cannabis use disorders
increased from eight codes in ICD-9-CM to 35 in
ICD-10-CM, and ICD-10-CM introduced 18 new
codes specific to poisoning by, adverse effects of and
underdosing of cannabis. Under ICD-9-CM, there
specific poisoning or adverse
were no cannabis-
effects codes. Rather, there were three codes for
poisoning by and adverse effects of psychodysleptics, a category encompassing cannabis, lysergide,
psilocin, psilocybin, mescaline and other hallucinogens.11 12
We used interrupted time series (ITS) analysis
to examine how the coding transition affected
measurement of trends in cannabis-related ED and
hospital discharges, hypothesising that the expansion of cannabis-related codes in ICD-10-CM could
disrupt trends spanning the transition.

METHODS
Study population

We used administrative data reported to the Colorado Hospital Association (CHA) on inpatient and
ED discharges from 2011 to 2018.13 These data
included most acute care discharges from rural,
urban, academic and private hospitals in Colorado
and did not include discharges from mental health
term
facilities, ambulatory surgical centres, long-
care facilities, military hospitals or other outpatient
treatment settings. Colorado residents and non-
residents were included in this analysis. The unit of
analysis was the encounter of care (ED or hospital
discharge) due to the lack of unique patient identifiers to follow individual patients. ED discharges
that resulted in admission to an acute care hospital
were included in the hospital discharge data set and
excluded from the ED discharge data set making the
data sets mutually exclusive. If the ED discharge was
admitted or transferred to a non-acute care setting,
those discharges remained in the ED data set.

Indicator definitions

We examined two indicators across the ICD transition: Indicator 1 captured cannabis use disorders, and Indicator 2 captured poisoning by and
adverse effects of psychodysleptics. All psychodysleptics were included in Indicator 2 since the
lack of cannabis-specific poisoning/adverse effects
codes in ICD-9-CM precluded a direct crosswalk
to the newly introduced cannabis poisoning/adverse
effects codes in ICD-10-CM. The ICD-9-CM and
ICD-10-
CM codes comprising the indicators are
summarised in table 1 with a full listing of codes
available in online supplemental appendix 1.11 12
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Interrupted time series analysis of cannabis coding in
Colorado during the ICD-10-CM transition
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Two indicators examined across the ICD-9-CM to ICD-10-CM transition
ICD-9-CM codes included

ICD-10-CM codes included

Indicator 1: Cannabis use disorders

304.3X - cannabis dependence
305.2X - non-dependent cannabis abuse

All F12 codes - cannabis-related disorders (abuse,
dependence, use)

Indicator 2: Poisoning and adverse effects of 969.6 - poisoning by psychodysleptics
psychodysleptics
E854.1 - accidental poisoning by psychodysleptics
E939.6 - psychodysleptics causing adverse effects in therapeutic use

T40.7×1A-T40.7×5A - poisoning and adverse effects of
cannabis
T40.8×1A-T40.8×4A - poisoning by lysergide
T40.901A-T40.905A - poisoning and adverse effects of
unspecified psychodysleptics
T40.991A-T40.995A - poisoning and adverse effects of other
psychodysleptics

ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; ICD-10-CM, 10th Revision.

The indicators were captured by searching all available code
fields (n=30) for any mention of an indicator code. Encounters
of care with more than one code within the indicator were only
counted once.

Statistical analyses

The SAS V.9.4 (SAS Institute Inc, Cary, North Carolina) statistical software package was used for all statistical analyses. We
performed two analyses to meet our objectives. First, for each
indicator, monthly rates per 1000 discharges were calculated
separately for ED discharges and hospital discharges from
January 2011 to December 2018. We used ITS analysis with
segmented regression to test the impact of the transition to
ICD-10-CM, considering the interruption point as 1 October
2015.14 Our model included an intercept term, a time term (to
model the existing trend observed during the ICD-9-CM era), a
level shift term at October 2015 (to model the immediate effect
of the new coding scheme) and a slope change term after October
2015 (which modelled the change in slope after the transition
compared with the pretransition slope). To control for changes
in the legal status of cannabis use in Colorado that occurred
during the study period (6 November 2012 - legalisation of adult
use cannabis, 1 January 2014 - opening of adult use cannabis
sales), we tested three models with different variations of legalisation milestones: (1) both level change and slope change terms
for each legalisation milestone, (2) only level change for each
legalisation milestone and (3) only slope change terms for each
legalisation milestone. We selected the third option, modelling
legalisation milestones with slope change terms. Further analysis

of the impact of legalisation milestones was beyond the scope of
this paper.
We tested for fixed seasonal effects after adjusting for length-
of-month variation using SAS Proc X12’s F-tests and M7 statistic.
Where seasonal patterns were identified, we used the seasonally adjusted time series produced by multiplicative decomposition as our model outcome variable. Where no evidence
of seasonality was detected, we used the original time series
as our model outcome variable. We used Durbin-Watson tests
to detect autocorrelation, and we used SAS Proc AUTOREG
with the BACKSTEP option to automatically select the correct
order of autoregressive model, through backwards elimination.
If the final model contained autoregressive terms, we reported
the maximum likelihood estimates with autoregressive terms
assumed given. If all autoregressive terms were eliminated from
the model, we reported the ordinary least squares estimates. SAS
Proc AUTOREG was used to generate predicted values with
95% CIs. Finally, model fit was checked by examining plots of
residuals, white noise probability, autocorrelation function and
partial autocorrelation. No issues with the model assumptions
and fit were found based on these parameters. Significance was
set at an alpha of 0.05 for all model parameters.

RESULTS

There were 13 722 815 ED discharges from 1 January 2011 to
31 December 2018 with 0.92% having a code from Indicator
1 (cannabis use disorders) and 0.04% having a code from Indicator 2 (poisoning by and adverse effects of psychodysleptics).
There were 3 810 906 hospital discharges from 1 January 2011

Table 2 Interrupted time series model estimates for monthly rates of cannabis use disorders (Indicator 1) and poisoning/adverse effects of
psychodysleptics (Indicator 2) per 1000 visits across the ICD-9-CM to ICD-10-CM transition
Indicator 1: Cannabis use disorders†

Indicator 2: Poisoning and adverse effects
of psychodysleptics‡

ED

ED

Hospitalisations

Intercept

5.8142*

12.5588*

Time (slope)

0.0382

0.0698*

Adult use cannabis legal slope change (Nov 2012)

0.2525*

0.3673*

−0.4559*

0.1385*

−0.021*
−0.0106

Adult use cannabis sales slope change (pre-transition) (Jan 2014)
Level change at transition (Oct 2015)

1.9228*

1.759*

Post-transition slope change

0.2385*

−0.5424*

0.2204*
−0.0023
0.0198*

0.0125*

Hospitalisations
0.2387*
0.0031
0.0008
0.0005
0.0777
−0.0021

Data source: Colorado Hospital Association, 1 January 2011 to 31 December 2018.
*p<0.05.
†Indicator 1: Cannabis use disorders included ICD-9-CM codes 304.3X and 305.2X and all ICD-10-CM F12 codes.
‡Indicator 2: Poisoning and adverse effects of psychodysleptics included ICD-9-CM codes 969.6, E854.1 and E939.6, and ICD-10-CM codes T40.7X1A-T40.7X5A, T40.8X1A-
T40.8X4A, T40.901A-T40.905A and T40.991A-T40.995A.
ED, emergency department; ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; ICD-10-CM, International Classification of Diseases, 10th
Revision, Clinical Modification.
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Table 1
Indicators
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to 31 December 2018 with 2.6% having a code from Indicator 1
(cannabis use disorders) and 0.04% having a code from Indicator
2 (poisoning by and adverse effects of psychodysleptics). Details
on indicator counts by year are provided in online supplemental
appendix 2.

Indicator 1: cannabis use disorders

We modelled seasonally adjusted monthly rates of cannabis use-
related ED and hospital discharges and found that ED discharge
rates showed a positive level increase and positive slope change,
while hospital discharge rates showed no level change and a
negative slope change (table 2 and figure 1).

Indicator 2: poisoning by and adverse effects of
psychodysleptics

We modelled monthly rates of ED and hospital discharges
related to poisoning by and adverse effects of psychodysleptics,
with neither ED nor hospital discharges showing a significant
level shift at the transition. Rates of ED discharges showed a
positive slope change after the transition (table 2 and figure 2).

DISCUSSION

When examining Indicator 1 (cannabis use disorders), we found
significant positive level shifts in both ED and hospital discharges
across the ICD-10-CM transition. ED discharges also showed an
increase in slope after the transition, while hospital discharges
showed a levelling of the slope after the transition. The positive
i68

level shifts observed in both discharge types could be due to the
increase in the number of available cannabis-specific substance
use disorder codes in ICD-10-CM. In particular, the addition
of 12 new codes for cannabis use (F12.9) in ICD-10-CM could
inflate the numbers seen after October 2015, since ICD-9-CM
only included codes for cannabis abuse and dependence, not
cannabis use. However, the new codes do not explain the post-
transition slope changes, especially the levelling of the trend line
for hospital discharges.
When examining Indicator 2 (poisoning by or adverse effects
of psychodysleptics), we found no significant level shift effects
on ED or hospital discharges. ED discharges showed a positive change in slope after the transition to ICD-10-CM, which
effectively reversed the previously declining trend. Hospital
discharges did not show a significant change in slope before and
after ICD-10-CM.
The sharp increases in the slope for ED visits seen with
both Indicator 1 and Indicator 2 could reflect actual increases
in underlying cannabis use in the population and accompanying adverse health events involving cannabis. Poison control
data also showed that exposures to cannabis were steady from
2014 through 2015, and began increasing in 2016.15 Reasons
for this phenomenon are still unknown, however, one theory is
that diversification of the adult use cannabis market into newer
product types made it easier and more discrete for naive users
to try cannabis. The fact that the same pattern was not reflected
in hospital discharges could be explained by the typically lower
Hall KE, et al. Inj Prev 2021;27:i66–i70. doi:10.1136/injuryprev-2019-043511
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Figure 1 Indicator 1 (cannabis use disorders): Plot of seasonally adjusted observed data and predicted means from interrupted time series model
for emergency department discharges (Panel I) and hospital discharges (Panel II), Colorado, 2011 to 2018. (A) November 6, 2012- Legalization of adult
use cannabis; (B) January 1, 2014- Opening of adult use cannabis sales; (C) October 1, 2015- Transition to ICD-10-CM. ITS, interrupted time series
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acuity level of cannabis-related health events that can be resolved
in the ED.
These potential explanations pertain only to cannabis, which
poses an issue since Indicator 2 also included codes for other
psychodysleptics. We found that from 2016 to 2018, 18.1% of
all Indicator 2 codes were codes for other psychodysleptics such
as LSD and psilocybin. While there are no reasons to believe
there were changes in psychodysleptic use over time, it cannot
be ruled out as another possible explanation.
The majority of cannabis ICD-10-CM codes assigned from
2016 to 2018 were cannabis use, followed by abuse, dependence, poisoning and adverse effects codes (online supplemental appendix 3). Among the poisoning by cannabis codes,
more than 79% of both hospital and ED discharges were classified with unintentional intent, which likely reflects changes
in coding guidelines to assign unintentional when the intent
is unknown instead of undetermined. Approximately 1.5% of
ED discharges and 0.5% of hospital discharges with cannabis-
related codes included adverse effects of cannabis codes. Adverse
effects are defined as medication that was prescribed correctly
and administered properly, but the patient suffered an adverse
health effect.16 This is a confusing finding because cannabis
Hall KE, et al. Inj Prev 2021;27:i66–i70. doi:10.1136/injuryprev-2019-043511

cannot be legally prescribed by a medical provider in Colorado,
as it remains a federal schedule I drug. It can only be ‘medically recommended’.17 It is not clear if these adverse effects
codes truly described proper use of medically-
recommended
cannabis resulting in an adverse health outcome, or if providers
were interchanging the terms for ‘poisoning’ and ‘adverse effect’
in their documentation. The latter subsequently could lead to
improper code assignment by medical coders who are bound
to assign codes based on the providers’ documentation. While
adverse effects codes are not included in current standardised
drug overdose indicators, it is important to examine the impacts
of excluding adverse effects of cannabis as it relates to the state’s
legal cannabis status as it could potentially miss cannabis poisonings.18 19

LIMITATIONS
Trends in cannabis and psychodysleptic codes across the transition to ICD-10-CM may be actual trends or may result from
systematic biasses introduced by the change in coding systems.
This analysis did not assess the sensitivity or specificity of cannabis
ICD-10-CM codes and therefore cannot quantify effects due to
i69
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Figure 2 Indicator 2 (poisoning by and adverse effects of psychodysleptics): Plot of observed data and predicted means from segmented regression
model for emergency department discharges (Panel I) and hospital discharges (Panel II), Colorado, 2011 to 2018. (A) November 6, 2012- Legalization
of adult use cannabis; (B) January 1, 2014- Opening of adult use cannabis sales; (C) October 1, 2015- Transition to ICD-10-CM. ITS, interrupted time
series.
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CONCLUSIONS

Observed level and slope changes could be due to increased
number or specificity of cannabis codes in ICD-10-CM, structural coding differences, coder learning curves or actual changes
in substance use patterns and health events over time. When
examining cannabis trends crossing the transition, we recommend visually addressing the change in coding schema and using
caution with interpretations.

What is already known on the subject
►► Cannabis ICD codes have been used to measure public health

impacts of cannabis legalisation.

th

►► The ICD-10-CM (International Classification of Diseases, 10

Revision, Clinical Modification) transition expanded and
improved specificity of cannabis codes.

What this study adds
►► The possible impacts of the International Classification of

Diseases, 10th Revision, Clinical Modification (ICD-10-CM)
coding transition on cannabis indicator trends over time in
Colorado, a cannabis legal environment.
►► The patterns of ICD-10-CM cannabis codes used in Colorado
emergency department and hospital discharge data.
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the change in coding system verses actual trends in discharges
involving cannabis. However, level changes observed at the
time of the transition to ICD-10-CM are difficult to explain by
other external factors. As ICD-10-CM continues to be used, it
is possible changes in coding patterns over time could be from
implementation and training on the new coding system. The
ICD-10-CM system is complex and coding to include the new
information like cannabis intoxication or mental health symptoms may take longer to adopt. Examining these more specific
codes individually over time may be biassed by coder learning
curves. Despite these limitations, the expansion and increased
CM will strengthen
specificity of cannabis codes in ICD-10-
the ability to conduct surveillance of cannabis-related adverse
health events. Over time, it is expected that coding practice will
stabilise, and true trends will become apparent. However, trends
observed in the early years of the ICD-10-CM coding system
should be interpreted with caution.

