
Grand Valley State University Grand Valley State University 

ScholarWorks@GVSU ScholarWorks@GVSU 

Peer Reviewed Articles Department of Public Health 

2021 

Interrupted time series analysis to evaluate the performance of Interrupted time series analysis to evaluate the performance of 

drug overdose morbidity indicators shows discontinuities across drug overdose morbidity indicators shows discontinuities across 

the ICD-9-CM to ICD-10-CM transition the ICD-9-CM to ICD-10-CM transition 

Hannah Yang 
Montana Department of Public Health and Human Services 

Emilia Pasalic 
Centers for Disease Control and Prevention 

Peter Rock 
University of Kentucky 

James W. Davis 
New Mexico Department of Health 

Sarah Nechuta 
Grand Valley State University, nechutas@gvsu.edu 

See next page for additional authors 

Follow this and additional works at: https://scholarworks.gvsu.edu/ph_articles 

 Part of the Clinical Epidemiology Commons 

ScholarWorks Citation ScholarWorks Citation 
Yang, Hannah; Pasalic, Emilia; Rock, Peter; Davis, James W.; Nechuta, Sarah; and Zhang, Ying, "Interrupted 
time series analysis to evaluate the performance of drug overdose morbidity indicators shows 
discontinuities across the ICD-9-CM to ICD-10-CM transition" (2021). Peer Reviewed Articles. 9. 
https://scholarworks.gvsu.edu/ph_articles/9 

This Article is brought to you for free and open access by the Department of Public Health at ScholarWorks@GVSU. 
It has been accepted for inclusion in Peer Reviewed Articles by an authorized administrator of 
ScholarWorks@GVSU. For more information, please contact scholarworks@gvsu.edu. 

https://scholarworks.gvsu.edu/
https://scholarworks.gvsu.edu/ph_articles
https://scholarworks.gvsu.edu/ph
https://scholarworks.gvsu.edu/ph_articles?utm_source=scholarworks.gvsu.edu%2Fph_articles%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/815?utm_source=scholarworks.gvsu.edu%2Fph_articles%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.gvsu.edu/ph_articles/9?utm_source=scholarworks.gvsu.edu%2Fph_articles%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@gvsu.edu


Authors Authors 
Hannah Yang, Emilia Pasalic, Peter Rock, James W. Davis, Sarah Nechuta, and Ying Zhang 

This article is available at ScholarWorks@GVSU: https://scholarworks.gvsu.edu/ph_articles/9 

https://scholarworks.gvsu.edu/ph_articles/9


Yang H, et al. Inj Prev 2021;27:i35–i41. doi:10.1136/injuryprev-2019-043522 i35

Original research

Interrupted time series analysis to evaluate the 
performance of drug overdose morbidity indicators 
shows discontinuities across the ICD-9-CM to ICD-10-
CM transition
Hannah Yang  ‍ ‍ ,1 Emilia Pasalic,2 Peter Rock,3,4 James W Davis,5 Sarah Nechuta,6 
Ying Zhang7

To cite: Yang H, Pasalic E, 
Rock P, et al. Inj Prev 
2021;27:i35–i41.

►► Additional material is 
published online only. To view 
please visit the journal online 
(http://​dx.​doi.​org/​10.​1136/​
injuryprev-​2019-​043522).
1EMS and Trauma Systems 
Section, Montana Department 
of Public Health and Human 
Services, Helena, Montana, USA
2National Center for Injury 
Prevention and Control, Centers 
for Disease Control and 
Prevention, Atlanta, Georgia, 
USA
3Kentucky Injury Prevention and 
Research Center, University of 
Kentucky, Lexington, Kentucky, 
USA
4Center for Clinical and 
Translational Science, University 
of Kentucky, Lexington, 
Kentucky, USA
5Injury & Behavioral 
Epidemiology Bureau, New 
Mexico Department of Health, 
Santa Fe, New Mexico, USA
6Department of Public Health, 
Grand Valley State University, 
Allendale, Michigan, USA
7Office of Epidemiology and 
Disease Surveillance, Southern 
Nevada Health District, Las 
Vegas, Nevada, USA

Correspondence to
Hannah Yang, EMS and Trauma 
Systems Section, Montana 
Department of Public Health 
and Human Services, Helena, 
MT 59620-2951, USA; 
HANNAH.YANG@MT.GOV

Received 27 February 2020
Accepted 20 June 2020

© Author(s) (or their 
employer(s)) 2021. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Introduction  On 1 October 2015, the USA transitioned 
from the International Classification of Diseases, 9th 
Revision, Clinical Modification (ICD-9-CM) to the 
International Classification of Diseases, 10th Revision 
(ICD-10-CM). Considering the major changes to drug 
overdose coding, we examined how using different 
approaches to define all-drug overdose and opioid 
overdose morbidity indicators in ICD-9-CM impacts 
longitudinal analyses that span the transition, using 
emergency department (ED) and hospitalisation data 
from six states’ hospital discharge data systems.
Methods  We calculated monthly all-drug and opioid 
overdose ED visit rates and hospitalisation rates (per 
100 000 population) by state, starting in January 2010. 
We applied three ICD-9-CM indicator definitions that 
included identical all-drug or opioid-related codes but 
restricted the number of fields searched to varying 
degrees. Under ICD-10-CM, all fields were searched 
for relevant codes. Adjusting for seasonality and 
autocorrelation, we used interrupted time series models 
with level and slope change parameters in October 2015 
to compare trend continuity when employing different 
ICD-9-CM definitions.
Results  Most states observed consistent or increased 
capture of all-drug and opioid overdose cases in ICD-
10-CM coded hospital discharge data compared with 
ICD-9-CM. More inclusive ICD-9-CM indicator definitions 
reduced the magnitude of significant level changes, but 
the effect of the transition was not eliminated.
Discussion  The coding change appears to have 
introduced systematic differences in measurement 
of drug overdoses before and after 1 October 2015. 
When using hospital discharge data for drug overdose 
surveillance, researchers and decision makers should be 
aware that trends spanning the transition may not reflect 
actual changes in drug overdose rates.

INTRODUCTION
Background
Epidemiologists and researchers have historically 
relied on International Classification of Diseases 
(ICD) coded emergency department (ED) and 
hospitalisation administrative claims data reported 
through state-level hospital discharge data (HDD) 
systems to track drug overdose trends.1–9 The 
transition from the ICD 9th Revision, Clinical 

Modification (ICD-9-CM) to the 10th Revision 
(ICD-10-CM) on 1 October 2015 marked a major 
change in medical claims coding for all USA health-
care entities covered by the Health Insurance Porta-
bility and Accountability Act.10–12

The number of injury and poisoning diagnosis 
codes increased from 2600 in ICD-9-CM to 43 000 
in ICD-10-CM, greatly improving code specificity. 
ICD-10-CM also streamlined the coding process by 
incorporating both drug and intent (unintentional, 
intentional self-harm, assault and undetermined) 
information into a single code. In ICD-9-CM, 
overdose visits were coded with a diagnosis code 
indicating the drug involved and/or a separate 
non-billable external cause of injury code indi-
cating intentionality.13 14 Though these are positive 
changes for drug overdose surveillance, the exten-
sive revisions preclude a simple one-to-one cross-
walk between the ICD-9-CM and ICD-10-CM 
coding systems and raise questions about how best 
to track overdose trends over time using claims 
data.10–13

Two recent studies examined opioid overdose 
trends across the ICD transition using inpatient data 
from the Healthcare Cost and Utilization Project, 
finding that hospitalisations mentioning an opioid 
overdose code in any field decreased by 10.2% and 
12.4% from 2015 Q3 (last quarter of ICD-9-CM) 
to 2015 Q4 (first quarter of ICD-10-CM).15 16 The 
reported decreases, however, could be because 
both studies excluded assault and intentional self-
harm codes from their ICD-10-CM indicator but 
not their ICD-9-CM indicator.15 16 Other studies 
employing ICD-9-CM-based drug overdose indi-
cators,1–8 as well as guidance from the Council of 
State and Territorial Epidemiologists (CSTE) and 
CDC,9 17–19 vary in terms of which ICD-9-CM codes 
are included and which fields are searched for rele-
vant codes. In ICD-10-CM, CSTE and CDC recom-
mendations agree that all available fields should be 
searched for overdose indicator codes.17 18 20 21

To the best of our knowledge, this study is the 
first to use interrupted time series (ITS) method-
ology to analyse the performance of all-drug and 
opioid overdose indicators across the ICD transition 
in both ED and inpatient datasets. ITS methodology 
accounts for pre-existing trends, seasonality and 
autocorrelation,22 23 which were not addressed by 
previous trend analysis studies.15 16 It is important 
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for stakeholders relying on longitudinal data to understand that 
while ICD-10-CM presents opportunities for improved drug 
overdose surveillance, the new coding scheme essentially consti-
tutes an instrument change and could affect epidemiological 
analysis of temporal trends that span October 2015.

Objectives
The purpose of this study is to examine trends in nonfatal all-
drug and opioid overdose indicators across the ICD-9-CM to 
ICD-10-CM transition using ED and hospitalisation data from 
six states (Kentucky, Missouri, Montana, Nevada, New Mexico 
and Tennessee). Three different ways of defining all-drug 
and opioid overdose indicators in ICD-9-CM were tested to 
compare trend continuity with ICD-10-CM-based definitions. 
It was hypothesised that using the most inclusively structured 
indicator definitions in both coding schemas would minimise 
discontinuity in all-drug and opioid overdose trends that span 
the transition.

METHODS
Data source and study population
States participating in the CSTE Drug Poisoning Indicators 
Workgroup (DPI-WG) were eligible to participate in the study 
if their state HDD system captured both ED visit and hospital 
inpatient administrative claims data from 2010 to at least 2016. 
State HDD systems are based on the nationally standardised 
Uniform Billing 2004 (UB-04) form, which is completed by 
licenced medical coders for reimbursement purposes. Thus, 
HDD is high-quality, population-based and comparable across 
states, making it an important public health surveillance data 
source. State HDD typically includes demographic information, 
several fields for ICD diagnosis, external cause and procedure 
codes, and payment source for every patient discharged from 
an acute care facility in the state, although federal and specialty 
hospitals are often exempt from reporting.24 UB-04 coding rules 
state that for inpatient admissions, the first-listed code should 
capture the ‘principal diagnosis’, or main diagnosis necessitating 
inpatient care as determined by the attending medical provider. 
For ED visits, the term ‘first-listed’ is used in lieu of ‘principal’ 

since oftentimes providers do not reach a confirmed diagnosis in 
the ED setting.25 26

In this study, each state’s ED visit and hospitalisation data-
sets were analysed separately. ED visits resulting in admission 
were included in the hospitalisation dataset only. Interfacility 
transfers and repeat visits for the same overdose event were 
not excluded because no personal identifiers were available. 
Records from federal, specialty or other non-acute care facil-
ities were excluded, along with in-hospital deaths and out-
of-state residents. All records containing at least one drug 
overdose ICD-9-CM (discharge date before 1 October 2015) or 
ICD-10-CM code (discharge date on or after 1 October 2015) 
(listed in 17 18 20 21) in any field were included in the analytic 
datasets.

Case definitions
For ICD-9-CM coded data, we explored three different ways 
of defining each indicator. The first ICD-9-CM definition 
required one of the included ICD-9-CM diagnosis codes to be 
present in the principal/first-listed diagnosis field or one of the 
included ICD-9-CM external cause codes to be the first-listed 
valid external cause code (included codes are listed in table 1) 
(definition 1). This definition structure was recognised by Injury 
Surveillance Workgroup (ISW) 7 as a conservative option for 
identifying poisoning cases and was used by CDC for state injury 
indicator reporting prior to 2015.9 19 The second ICD-9-CM 
definition required an included diagnosis code to be present in 
the principal/first-listed diagnosis field or an included external 
cause code to be listed anywhere in the record (definition 2). 
Both CDC and CSTE used this definition structure for reporting 
opioid overdoses in ICD-9-CM coded data.17 18 The third 
ICD-9-CM definition required at least one included ICD-9-CM 
code to be listed anywhere in the record (definition 3). This defi-
nition structure, also known as ‘any mention’, was recognised 
by ISW 7 as the most inclusive option for identifying poisoning 
cases in ICD-9-CM coded data.19 For ICD-10-CM coded data, 
‘any mention’ of at least one of the included ICD-10-CM diag-
nosis codes was required (table 1).17 18 20 21

Table 1  ICD-9-CM and ICD-10-CM codes included in all-drug overdose and opioid overdose indicators

Indicator ICD-9-CM codes ICD-10-CM codes

All-drug overdose Diagnosis codes 960–979: poisoning by drugs, medicinal and 
biological substances.

Diagnosis codes T36-T50: poisoning by drugs, medicaments and biological 
substances
(code must have an intent character of 1 (accidental/
unintentional), 2 (intentional self-harm), 3 (assault) or 
4 (undetermined) and a seventh character of A (initial 
encounter) or missing).

External cause codes E850-E858: accidental poisoning by drugs, medicinal 
and biological substances.
E950.0-E950.5: suicide and self-inflicted poisoning 
by solid or liquid substances.
E962.0: assault by drugs and medicinal substances
E980.0-E980.5: poisoning by solid or liquid 
substances undetermined whether accidentally or 
purposely inflected.

Opioid overdose Diagnosis codes 965.00: poisoning by opium.
965.01: poisoning by heroin.
965.02: poisoning by methadone.
965.09: poisoning by other opiates and related 
narcotics.

Diagnosis codes T40.0X: poisoning by opium.
T40.1X: poisoning by heroin.
T40.2X: poisoning by other opioids.
T40.3X: poisoning by methadone.
T40.4X: poisoning by synthetic narcotics.
T40.60: poisoning by unspecified narcotics.
T40.69: poisoning by other narcotics.
(code must have an intent character of 1 (accidental/
unintentional), 2 (intentional self-harm), 3 (assault) or 
4 (undetermined) and a seventh character of A (initial 
encounter) or missing).

External cause codes E850.0: accidental poisoning by heroin.
E850.1: accidental poisoning by methadone.
E850.2: accidental poisoning by other opiates and 
related narcotics.

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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Study design and analytic plan
Each state generated monthly counts of all-drug and opioid over-
dose ED visits and hospitalisations using the three ICD-9-CM 
indicator definitions for records with a discharge date before 1 
October 2015 and the ICD-10-CM definition for records with a 
discharge date on or after 1 October 2015. To account for popu-
lation changes over time, monthly crude rates per 100 000 popu-
lation were generated and used as model outcome variables.27 
ITS methods were used to examine how all-drug and opioid 
overdose indicators performed over time, with an interruption 
point at October 2015.22 28–30 The study period spanned from 
January 2010 to the most recent year of data available, which 
varied by state (table 2). We modelled each state’s pretransition 
overdose trends so that the trends observed after the transition 
could be compared with the ‘counterfactual’, or the expected 
ongoing trend if ICD-10-CM had never been introduced. Inclu-
sion of at least 12 time points before and after the transition 
allowed for evaluation of monthly seasonality.22 28 29 We calcu-
lated segmented regression models that included both a level 
and a slope change parameter using the following autoregressive 
error linear regression model22 23 31:

	
‍Yt = β0 + β1 × Timet + β2 × Transitiont + β3 × TimeAfterTransitiont + vt‍
�
	﻿‍ vt = −φ1vt−1 − φ1vt−1 − ...− φkvt−k + εt‍�

	﻿‍
εt ∼ IN

(
0,σ2

)
‍�

Where:
‍Yt‍=overdose morbidity rate at time (t).
‍β0‍=intercept.
‍β1‍=pretransition slope.
‍β2‍=immediate effect of transition.
‍β3‍=post-transition slope change.
‍vt‍=autoregressive error term of order k at time (t).
‍εt‍=error at time (t), independently normally distributed with 

mean=0 and variance=﻿‍σ2‍.
The Intercept parameter (‍β0‍) represents the estimated all-drug 

or opioid overdose ED visit or hospitalisation rate per 100 000 
population at time (t)=0 (January 2010). The ‍β1‍ parameter 
models the slope (average monthly change) in overdose rate 
during ICD-9-CM (January 2010–September 2015). Time is 
coded as 1 for the first time point (January 2010) increasing 
sequentially through the last time point in the study (ie, 96 for 
December 2017). The ‍β2‍ parameter represents a change in level 
between the time points immediately before and after the tran-
sition, controlling for the pretransition trend. Transition is a 
dummy variable coded 0 for all time points before the transi-
tion and 1 for October 2015 onward. A positive ‍β2‍ coefficient, 

or ‘positive level change’, is interpreted as an abrupt increase 
in overdose rate in October 2015 that is inconsistent with the 
existing ICD-9-CM trend. A negative ‍β2‍ coefficient, or ‘negative 
level change’, is interpreted as an abrupt decrease in October 
2015 that is inconsistent with the existing ICD-9-CM trend. The 
‍β3‍ parameter models the difference between the pretransition 
and post-transition slopes. TimeAfterTransition is an interaction 
term between Time and Transition. Adding coefficients ‍β1 + β3‍ 
yields the post-transition slope, or average monthly change in 
overdose rate after October 2015.22 28–31

Overdose morbidity rates were tested for seasonality using SAS 
PROC X12, after accounting for length-of-month variation.32 
If seasonality was identified, multiplicative decomposition was 
used to seasonally adjust the data.33 SAS PROC AUTOREG with 
the BACKSTEP option was used to select the correct model by 
sequentially eliminating autoregressive terms not statistically 
significant at the 0.05 level from an initial full model with order 
(k)=13.32 If the final model contained autoregressive terms, we 
reported the maximum likelihood estimates with autoregressive 
parameters assumed given. Model fit was assessed by examining 
residual plots, white noise probabilities, autocorrelation func-
tions and partial autocorrelation functions.23 32 P values less than 
0.05 were considered statistically significant. We performed 
sensitivity analyses by testing models that only included a level 
change parameter, and using different approaches to adjust for 
seasonality.22 23 33 The findings were consistent with those from 
the primary analysis. All analyses were performed using SAS 
software V.9.4.32 It was not appropriate or possible to involve 
patients or the public in the design, conduct, reporting or 
dissemination plans of our research.

RESULTS
All-drug overdose results
Intercept
For all-drug overdose ED visits, ICD-9-CM definition 3 resulted 
in the highest intercept estimate compared with definitions 1 and 
2 in all states except Nevada. The largest difference was seen in 
Kentucky, where the estimated all-drug overdose ED visit rate in 
January 2010 was 4.1% higher using definition three compared 
with definition 1. Similarly, for all-drug overdose hospitalisa-
tions, definition 3 resulted in the highest intercept estimates 
compared with definitions 1 and 2 in all states except Montana. 
For hospitalisations, the largest difference was seen in Nevada, 
where the estimated rate in January 2010 was 5.9% higher using 
definition three compared with definition 1 (table 3).

Time
Trends in all-drug overdose ED visit rates and hospitalisation 
rates prior to the transition (January 2010–September 2015) 

Table 2  Characteristics of participating states’ datasets

State Date range analysed
Preintervention time 
points (months)

Postintervention time 
points (months)

Hospitalisation dataset ED visit dataset

Diagnosis code 
fields

External cause 
code fields

Diagnosis code 
fields

External cause 
code fields

Kentucky January 2010–June 2018 69 33 25 3 25 3

Missouri January 2010–December 2017 69 27 23 1 23 1

Montana January 2010–December 2017 69 27 9 3 9 3

New Mexico January 2010–December 2017 69 27 18 3 48 6

Nevada January 2010–December 2016 69 15 33 4 33 4

Tennessee January 2010–December 2017 69 27 18 3 18 3

ED, emergency department.
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varied by state, regardless of the ICD-9-CM indicator defini-
tion applied. For example, Kentucky saw increasing ED visit 
rates and stable hospitalisation rates during ICD-9-CM, while 
Missouri observed declining overdose rates for both ED visits 
and hospitalisations (table 3).

Transition
For all-drug overdose ED visits, four states (Kentucky, Montana, 
Nevada and Tennessee) did not observe a level change at the 
time of the ICD transition. Missouri saw a positive level change 
that was largest with definition 1. In New Mexico, there was 
no level change using definitions 1 and 2 and a negative level 
change using definition 3. For all-drug overdose hospitalisations, 
two states (Montana and Nevada) did not observe a level change 
at the transition, while the remaining four states (Kentucky, 
Missouri, New Mexico and Tennessee) had positive level changes 
that were smallest using definition 3 (table 3).

TimeAfterTransition
For all-drug overdose ED visits, Missouri had a positive slope 
change after the ICD transition when using definitions 2 and 3, 
and Tennessee observed a positive slope change regardless of the 
ICD-9-CM definition used. For all-drug overdose hospitalisa-
tions, Kentucky observed a negative slope change following the 
ICD transition when using definition 3, and Tennessee observed 
a negative slope change with all the ICD-9-CM definitions 
(table 3).

See online supplementary appendices 1 and 2 for graphs of the 
predicted versus observed all-drug overdose ED visit and hospi-
talisation rates in each state.

Opioid overdose results
Intercept
For opioid overdose ED visits, ICD-9-CM definition 3 resulted 
in the highest intercept estimate compared with definitions 1 and 
2 in five states (Missouri, Montana, New Mexico, Nevada and 
Tennessee). The largest difference was seen in Tennessee where 
the estimated opioid overdose ED visit rate in January 2010 was 
55.1% higher using definition 3 compared with definition 1. 
For opioid overdose hospitalisations, definition 3 resulted in the 
highest intercept estimates compared with definitions 1 and 2 in 
all states. The largest difference was seen in Kentucky where the 
estimated rate in January 2010 was 61.3% higher using defini-
tion 3 compared with definition 1 (table 4).

Time
Four states (Kentucky, Missouri, New Mexico and Tennessee) 
observed positive slopes in their opioid overdose ED visit rates 
during ICD-9-CM regardless of which ICD-9-CM definition 
was applied. For opioid overdose hospitalisations, Tennessee 
observed no slope, meaning that rate was stable from January 
2010 to September 2015. New Mexico observed a negative 
slope with all three ICD-9-CM definitions, while Nevada had a 
negative slope with definition 3 (table 4).

Transition
All participating states observed positive level changes immedi-
ately following the ICD transition for opioid overdose ED visits 
as well as hospitalisations. Using definition 1 to capture cases in 
ICD-9-CM resulted in the largest positive level change, while 
definition 3 resulted in the smallest level change. In New Mexico 
and Nevada, the positive level change in opioid overdose ED 

Table 3  Interrupted time series model regression parameters: all-drug overdose emergency department (ED) visit and hospitalisation rates per 
100 000 population using three different ICD-9-CM indicator definitions

State
ICD-9-CM all-drug overdose 
indicator definition†

ED visit regression parameters Hospitalisation regression parameters

Intercept‡ Time§ Transition¶ TimeAfterTransition** Intercept Time Transition TimeAfterTransition

Kentucky Definition 1 10.88* 0.10* 0.97 0.09 11.17* −0.01 2.00* −0.05

Definition 2 10.91* 0.11* 0.55 0.10 11.23* −0.01 1.69* −0.05

Definition 3 11.33* 0.10* 0.68 0.09 11.64* −0.01 1.90* −0.05*

Missouri Definition 1 13.21* −0.02* 2.19* 0.06 11.26* −0.02* 0.65* −0.02

Definition 2 13.23* −0.02* 1.79* 0.07* 11.49* −0.02* 0.69* −0.02

Definition 3 13.46* −0.02* 1.81* 0.07* 11.61* −0.02* 0.61* −0.02

Montana Definition 1 11.78* 0.00 1.74 0.08 9.95* −0.01* 0.38 0.04

Definition 2 11.86* 0.00 1.65 0.08 10.09* −0.02* 0.48 0.03

Definition 3 12.19* 0.00 1.39 0.08 9.88* 0.00 −0.54 0.03

New Mexico Definition 1 21.11* −0.01 −1.54 −0.11 12.60* −0.05* 1.07* 0.03

Definition 2 21.50* −0.01 −1.16 −0.13 12.82* −0.06* 0.94* 0.04

Definition 3 21.58* 0.01 −2.77* −0.13 13.07* −0.06* 0.75 0.04

Nevada Definition 1 16.64* −0.03* −0.49 0.14 8.92* −0.01 −0.14 0.03

Definition 2 16.80* −0.03* −0.58 0.14 9.00* 0.00 −0.31 0.03

Definition 3 16.75* −0.02 −1.24 0.09 9.45* −0.01 −0.43 0.04

Tennessee Definition 1 16.62* −0.01 0.94 0.11* 9.46* 0.00 1.57* −0.06*

Definition 2 16.80* −0.01 0.86 0.11* 9.59* 0.00 1.45* −0.06*

Definition 3 16.96* −0.01 0.62 0.11* 9.71* 0.00 1.31* −0.06*

Statistically significant results are marked with * (α=0.05).
†ICD-9-CM all-drug overdose indicator definitions (used prior to 1 October 2015): definition 1 searched the principal/first-listed diagnosis and first-listed valid external cause fields, definition 2 
searched the principal/first-listed diagnosis and all external cause fields and definition 3 searched all available fields for the presence of an included code.
‡Intercept – estimated rate in January 2010.
§Time: average monthly change in rate (slope) from January 2010 to September 2015.
¶Transition: immediate level change observed in October 2015.
**TimeAfterTransition: change in slope after October 2015 compared with the pretransition slope.
ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification.
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visits completely disappeared using definition 3 and similarly in 
Montana for opioid overdose hospitalisations (table 4).

TimeAfterTransition
The change in slope of opioid overdose ED visits and hospitalisa-
tions after the transition varied by state without a clear pattern. 
Missouri and Tennessee observed increases in ED visit slope during 
ICD-10-CM compared with ICD-9 CM, while for hospitalisa-
tions, Kentucky, Missouri, New Mexico and Tennessee observed 
negative post-transition slope changes (table 4).

See online supplementary appendices 3 and 4 for graphs of the 
predicted versus observed opioid overdose ED visit and hospital-
isation rates in each state.

DISCUSSION
Key results
In this study, we used ITS analysis to examine how the transition 
from ICD-9-CM to ICD-10-CM impacts surveillance of all-drug 
and opioid overdose morbidity trends. We tested several ways 
of structuring indicators in ICD-9-CM, yet discontinuities were 
present even when using ‘any mention’ definitions in both coding 
systems and controlling for pre-existing overdose morbidity trends 
in each state. Our findings suggest that the coding change on 1 
October 2015 introduced systematic differences in measurement 
of all-drug and opioid overdose ED visits and hospitalisations.

The most common type of trend discontinuity observed was a 
sudden uptick in overdose case capture on ICD-10-CM imple-
mentation (positive level change). This could be related to the 
major expansion of available codes in ICD-10-CM. In addition, 
the shift to coding overdoses with a single diagnosis code in 

ICD-10-CM, rather than a combination of diagnosis and external 
cause codes, could systematically increase in case capture under 
ICD-10-CM in jurisdictions with low external cause coding 
rates.14 31 34 The observed trend discontinuities could also reflect 
actual shifts in the underlying incidence of overdoses.

Adjusting the number of diagnostic fields searched without 
changing any of the codes included in ICD-9-CM indicator 
definitions influenced the magnitude and direction of trend 
discontinuities seen in October 2015, when using the stan-
dardised ICD-10-CM ‘any mention’ definitions issued by CDC 
and CSTE.18 20 21 ICD-9-CM ‘any mention’ definitions consis-
tently increased capture of drug overdose cases compared with 
ICD-9-CM definitions that searched only specific fields. For states 
that observed positive level changes, using the ICD-9-CM ‘any 
mention’ definition either narrowed or closed the gap between 
lower rates during the final month of ICD-9-CM (September 
2015) and higher rates first month of ICD-10-CM (October 2015), 
which was consistent with our original hypothesis. This phenom-
enon was consistently more pronounced for the opioid overdose 
indicator than the all-drug overdose indicator. We are unsure why 
the ICD-9-CM ‘any mention’ definition captured more all-drug 
overdose cases than the ICD-10-CM ‘any mention’ definition in 
New Mexico’s ED dataset, resulting in a negative level change. 
The extent to which level changes were affected by using various 
ICD-9-CM indicator definitions may be related to the total number 
of diagnostic fields available in the discharge dataset, which differs 
by state (table 2). States with more available fields are excluding a 
greater number of potential cases by using ICD-9-CM indicator 
definitions that search only the principal/first-listed diagnosis field 
or first-listed valid external cause field.24 34

Table 4  Interrupted time series model regression parameters: opioid overdose emergency department (ED) visit and hospitalisation rates per 
100 000 population using three different ICD-9-CM indicator definitions

State

ICD-9-CM opioid 
overdose indicator 
definition†

ED visit regression parameters Hospitalisation regression parameters

Intercept‡ Time§ Transition¶
TimeAfter-
Transition** Intercept Time Transition

TimeAfter-
Transition

Kentucky Definition 1 0.54 0.07* 5.08* −0.02 1.73* 0.00 1.56* −0.03*

Definition 2 0.61 0.07* 4.99* −0.02 1.99* 0.00 1.37* −0.03*

Definition 3 1.04 0.07* 4.71* −0.01 2.79* 0.00 0.63* −0.02

Missouri Definition 1 1.59* 0.02* 1.38* 0.05* 1.59* 0.00 1.36* −0.02*

Definition 2 1.66* 0.02* 1.33* 0.05* 1.76* 0.00 1.20* −0.02*

Definition 3 1.89* 0.02* 1.10* 0.05* 2.26* 0.00 0.67* −0.02*

Montana Definition 1 0.98* 0.00 0.68* 0.01 1.25* 0.00 0.74* 0.00

Definition 2 1.03* 0.00 0.63* 0.01 1.29* 0.00 0.64* 0.00

Definition 3 1.33* 0.00 0.45* 0.01 1.81* 0.00 0.29 0.00

New Mexico Definition 1 3.40* 0.01* 1.20* 0.00 2.10* −0.01* 1.44* −0.02*

Definition 2 3.49* 0.01* 0.84 0.02 2.30* −0.01* 1.30* −0.02*

Definition 3 3.91* 0.02* −0.06 0.01 2.95* −0.01* 0.76* −0.02

Nevada Definition 1 2.27* 0.00 0.86* 0.01 1.87* 0.00 1.17* −0.01

Definition 2 2.57* 0.00 0.75* 0.01 2.09* 0.00 0.92* 0.00

Definition 3 3.06* 0.00 0.27 0.01 2.69* −0.01* 0.55* 0.01

Tennessee Definition 1 1.27* 0.01* 1.48* 0.10* 1.60* 0.00* 1.34* −0.02*

Definition 2 1.46* 0.01* 1.35* 0.10* 1.91* 0.00* 1.10* −0.02*

Definition 3 1.97* 0.01* 0.97* 0.10* 2.48* 0.00 0.64* −0.02*

Statistically significant results are marked with * (α=0.05).
†ICD-9-CM all-drug overdose indicator definitions (used prior to 1 October 2015): definition 1 searched the principal/first-listed diagnosis and first-listed valid external cause 
fields, definition 2 searched the principal/first-listed diagnosis and all external cause fields and definition 3 searched all available fields for the presence of an included code.
‡Intercept: estimated rate in January 2010.
§Time: average monthly change in rate (slope) from January 2010 to September 2015.
¶Transition: immediate level change observed in October 2015.
**TimeAfterTransition: change in slope after October 2015 compared with the pretransition slope.
ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification.
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Limitations
We do not recommend generalising these results to other states 
or nationally because our convenience sample of six states from 
the CSTE DPI-WG was not representative. We also caution 
generalisation of these results to other drug overdose indicators 
not specifically investigated in this study. Limitations of HDD 
include the lack of personal identifiers, and the exemption of 
federal facilities (Indian Health Services and Veterans Affairs) 
from reporting. In addition, we did not explicitly control for 
external factors that could affect the true incidence of drug 
overdose, for example, increased federal and local funding for 
prevention activities, introduction of the CDC guideline for 
prescribing opioids for chronic pain,35 emergence of fentanyl 
and other illicit drugs on the market, increases in take-home 
naloxone prescribing, and other policy changes or state-specific 
factors.

CONCLUSION
The transition from ICD-9-CM to ICD-10-CM appears to have 
introduced major systematic differences in measurement of drug 
overdoses such that data from the two coding systems should not 
be interpreted as continuous. However, understanding that trend 
data are paramount amid the current drug overdose epidemic, the 
results of this study can be used to guide methodology for over-
dose surveillance and research employing ICD-coded ED visit or 
hospitalisation data. Graphs presenting longitudinal data across 
October 2015 should clearly indicate the ICD-10-CM transi-
tion with a vertical line and label. Statistical models of overdose 
trends that incorporate data from both coding schemes should 
include terms to control for the ICD-10-CM transition. Summary 
statistics for the year 2015 should not combine data from both 
ICD-9-CM and ICD-10-CM. Instead, consider reporting statis-
tics for fiscal year 2015 (October 2014–September 2015) or the 
first three quarters of calendar year 2015 only (January 2015–
September 2015). Lastly, it is important to consider the struc-
tural comparability of indicator definitions used to capture cases 
under each coding system, both in terms of which codes are 
included and which fields are searched.

What is already known on the subject

►► Epidemiologists rely on International Classification of 
Diseases (ICD)-coded administrative claims data to monitor 
drug overdose morbidity, a major public health problem.

►► Drug overdose coding went through substantial revision 
in the transition from International Classification of 
Diseases, 9th Revision, Clinical Modification (ICD-9-CM) 
to International Classification of Diseases, 10th Revision, 
Clinical Modification (ICD-10-CM).

►► Studies have begun to evaluate the impact of the transition 
on surveillance of health outcomes.

What this study adds

►► This study uses interrupted time series methodology to 
analyse the performance of all-drug and opioid overdose 
indicators across the ICD transition in both ED and inpatient 
datasets.

►► No other study has evaluated how adjusting the number of 
diagnostic fields searched in ICD-9-CM indicator definitions 
impacts trend comparability across the transition.

Acknowledgements  The authors would like to acknowledge the Council of 
State and Territorial Epidemiologists International Classification of Diseases, 10th 
Revision, Clinical Modification Drug Poisoning Indicators Workgroup whose work in 
collaboration with the National Center for Injury Prevention and Control is reflected 
in this paper, Mamadou Ndiaye and Svetla Slavova whose expertise informed 
methods development, as well as Tanner Turley, Andrew Hunter and Gang Liu, who 
provided data and insight throughout the project.

Funding  This work was supported in part by the CDC with a cooperative 
agreement to the Council of State and Territorial Epidemiologists: 
NU38OT000297-01-00.

Disclaimer  The findings and conclusions in this paper of those of the authors and 
do not necessarily represent the official position of the Centres for Disease Control 
and Prevention or the Council of State and Territorial Epidemiologists.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not required.

Provenance and peer review  Commissioned; externally peer reviewed.

Data availability statement  Data may be obtained from a third party and 
are not publicly available. This study used aggregate hospital discharge data 
from six states. To request these data, contact the hospital discharge data system 
administrators from each state. To obtain the statistical code used in this study, 
please contact the corresponding author.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iD
Hannah Yang http://​orcid.​org/​0000-​0002-​9772-​0041

REFERENCES
	 1	 Jiang Y, McDonald JV, Koziol J, et al. Can emergency department, hospital discharge, 

and death data be used to monitor burden of drug overdose in Rhode island? J Public 
Health Manag Pract 2017;23:499–506.

	 2	 Mosher H, Zhou Y, Thurman AL, et al. Trends in hospitalization for opioid overdose 
among rural compared to urban residents of the United States, 2007-2014. J Hosp 
Med 2017;12:925–9.

	 3	 Reardon JM, Harmon KJ, Schult GC, et al. Use of diagnosis codes for detection of 
clinically significant opioid poisoning in the emergency department: a retrospective 
analysis of a surveillance case definition. BMC Emerg Med 2016;16:11.

	 4	 Gaither JR, Leventhal JM, Ryan SA, et al. National trends in hospitalizations for 
opioid poisonings among children and adolescents, 1997 to 2012. JAMA Pediatr 
2016;170:1195–201.

	 5	 Hasegawa K, Brown DFM, Tsugawa Y, et al. Epidemiology of emergency 
department visits for opioid overdose: a population-based study. Mayo Clin Proc 
2014;89:462–71.

	 6	 Meiman J, Tomasallo C, Paulozzi L. Trends and characteristics of heroin overdoses in 
Wisconsin, 2003-2012. Drug Alcohol Depend 2015;152:177–84.

	 7	 Slavova S, Costich JF, Bunn TL, et al. Heroin and fentanyl overdoses in Kentucky: 
epidemiology and surveillance. Int J Drug Policy 2017;46:120–9.

	 8	 Tadros A, Layman SM, Davis SM, et al. Emergency visits for prescription opioid 
poisonings. J Emerg Med 2015;49:871–7.

	 9	 Thomas KE, Johnson RL. State injury indicators report: Instructions for preparing 2015 
data, 2017. Available: https://www.​cdc.​gov/​injury/​pdfs/​2015_​state_​injury_​indicator_​
instructions-​a.​pdf

	10	 Gibson T, Casto A, Young J, et al. Impact of ICD-10-CM/PCS on research using 
administrative databases: HCUP methods series report # 2016-02, 2016. Available: 
http://www.​hcup-​us.​ahrq.​gov/​reports/​methods/​methods.​jsp [Accessed 20 Oct 2019].

	11	 Khera R, Dorsey KB, Krumholz HM. Transition to the ICD-10 in the United States: an 
emerging data chasm. JAMA 2018;320:133–4.

	12	 Fenton SH, Benigni MS, u BMS. Projected impact of the ICD-10-CM/PCS conversion on 
longitudinal data and the joint commission core measures. Perspect Health Inf Manag 
2014;11:1g.

	13	 Injury Surveillance Workgroup 9. The transition from ICD-9-CM to ICD-10-CM: 
guidance for analysis and reporting of injuries by mechanism and intent, 2016. 
Available: http://​c.​ymcdn.​com/​sites/​www.​safestates.​org/​resource/​resmgr/​isw9/​ISW9_​
FINAL_​Report.​pdf [Accessed 30 Sep 2019].

	14	 Annest JL, Fingerhut LA, Gallagher SS, et al. Strategies to improve external cause-
of-injury coding in state-based hospital discharge and emergency department data 

 on M
arch 18, 2021 by guest. P

rotected by copyright.
http://injuryprevention.bm

j.com
/

Inj P
rev: first published as 10.1136/injuryprev-2019-043522 on 5 M

arch 2021. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9772-0041
http://dx.doi.org/10.1097/PHH.0000000000000514
http://dx.doi.org/10.1097/PHH.0000000000000514
http://dx.doi.org/10.12788/jhm.2793
http://dx.doi.org/10.12788/jhm.2793
http://dx.doi.org/10.1186/s12873-016-0075-4
http://dx.doi.org/10.1001/jamapediatrics.2016.2154
http://dx.doi.org/10.1016/j.mayocp.2013.12.008
http://dx.doi.org/10.1016/j.drugalcdep.2015.04.002
http://dx.doi.org/10.1016/j.drugpo.2017.05.051
http://dx.doi.org/10.1016/j.jemermed.2015.06.035
https://www.cdc.gov/injury/pdfs/2015_state_injury_indicator_instructions-a.pdf
https://www.cdc.gov/injury/pdfs/2015_state_injury_indicator_instructions-a.pdf
http://www.hcup-us.ahrq.gov/reports/methods/methods.jsp
http://dx.doi.org/10.1001/jama.2018.6823
http://www.ncbi.nlm.nih.gov/pubmed/25214824
http://c.ymcdn.com/sites/www.safestates.org/resource/resmgr/isw9/ISW9_FINAL_Report.pdf
http://c.ymcdn.com/sites/www.safestates.org/resource/resmgr/isw9/ISW9_FINAL_Report.pdf
http://injuryprevention.bmj.com/


Yang H, et al. Inj Prev 2021;27:i35–i41. doi:10.1136/injuryprev-2019-043522 i41

Original research

systems: recommendations of the CDC workgroup for improvement of external cause-
of-injury coding. MMWR Recomm Rep 2008;57:1-15.

	15	 Moore B, Barrett M. Case study: exploring how opioid-related diagnosis codes 
translate from ICD-9-CM to ICD-10-CM, 2017. Available: https://www.​hcupus.​ahrq.​
gov/​datainnovations/​icd10_​resources.​jsp

	16	 Heslin KC, Owens PL, Karaca Z, et al. Trends in opioid-related inpatient stays shifted 
after the US transitioned to ICD-10-CM diagnosis coding in 2015. Med Care 
2017;55:918–23.

	17	 Centers for Disease Control and Prevention. CDC’s opioid overdose indicator support 
toolkit: guidance for reporting on opioid-related mortality, morbidity, and PDMP 
indicators, version 3.0, 2018.

	18	 Council of State and Territorial Epidemiologists. Nonfatal opioid overdose 
standardized surveillance case definition, 2019. Available: https://​cdn.​ymaws.​com/​
www.​cste.​org/​resource/​resmgr/​ps/​2019ps/​PS_​Nonfatal_​Opioid_​Overdose_.​pdf 
[Accessed 24 Oct 2019].

	19	 Injury Surveillance Workgroup 7. Consensus recommendations for national and state 
poisoning surveillance, 2012. Available: http://​c.​ymcdn.​com/​sites/​www.​cste.​org/​
resource/​resmgr/​injury/​ISW7.​pdf

	20	 Council of State and Territorial Epidemiologists. Drug overdose indicators, 2019. 
Available: https://​resources.​cste.​org/​Injury-​Surveillance-​Methods-​Toolkit/​Home/​Drug​
Over​dose​Indi​cators [Accessed 27 Nov 2019].

	21	 Vivolo-Kantor AM, Pasalic E, Liu S. Defining indicators for drug overdose emergency 
department visits and hospitalizations in ICD-10-CM coded discharge data.
2021;27:i49–54.

	22	 Bernal JL, Cummins S, Gasparrini A. Interrupted time series regression for the 
evaluation of public health interventions: a tutorial. Int J Epidemiol 2017;46:348–55.

	23	 Lopez Bernal J, Soumerai S, Gasparrini A. A methodological framework for model 
selection in interrupted time series studies. J Clin Epidemiol 2018;103:82–91.

	24	 Love D, Rudolph B, Shah GH. Lessons learned in using hospital discharge data for 
state and national public health surveillance: implications for centers for disease 

control and prevention tracking program. J Public Health Manag Pract 2008;14:533-
42.

	25	 Hedegaard H, Johnson RL. An updated international classification of diseases, 10th 
revision, clinical modification (ICD–10–CM) surveillance case definition for injury 
hospitalizations. Hyattsville, MD, 2019.

	26	 Centers for Medicare and Medicaid Services, National Center for Health Statistics. 
ICD-10-CM official guidelines for coding and reporting, 2020. Available: https://www.​
cdc.​gov/​nchs/​data/​icd/​10cmguidelines-​FY2020_​final.​pdf

	27	 U.S. Census Bureau. Annual estimates of the resident population: April 1, 2010 to July 
1, 2018, 2018.

	28	 Lagarde M. How to do (or not to do) assessing the impact of a policy change with 
routine longitudinal data. Health Policy Plan 2012;27:76–83.

	29	 Wagner AK, Soumerai SB, Zhang F, et al. Segmented regression analysis of interrupted 
time series studies in medication use research. J Clin Pharm Ther 2002;27:299–309.

	30	 Kontopantelis E, Doran T, Springate DA, et al. Regression based quasi-experimental 
approach when randomisation is not an option: interrupted time series analysis. BMJ 
2015;350:h2750.

	31	 Slavova S, Costich JF, Luu H, et al. Interrupted time series design to evaluate the effect 
of the ICD-9-CM to ICD-10-CM coding transition on injury hospitalization trends. Inj 
Epidemiol 2018;5:36.

	32	 SAS Institute Inc. SAS/ETS 15.1 user's guide, 2018.
	33	 International Monetary Fund. Seasonal Adjustment. In: Quarterly national accounts 

manual 2017 edition. Washington DC: International Monetary Fund Statistics 
Department, 2018: 127–64.

	34	 Council of State and Territorial Epidemiologists, American Public Health Association 
Injury Control and Emergency health Services Section Data Committee, State and 
Territorial Injury Prevention Directors Association. How states are collecting and using 
cause of injury data: 2004 update to the 1997 report. Atlanta, GA, 2005.

	35	 Dowell D, Haegerich T, Chou R. CDC guideline for prescribing opioids for chronic pain 
- United States, 2016. 65, 2016.

 Inj Prev

 on M
arch 18, 2021 by guest. P

rotected by copyright.
http://injuryprevention.bm

j.com
/

Inj P
rev: first published as 10.1136/injuryprev-2019-043522 on 5 M

arch 2021. D
ow

nloaded from
 

http://www.ncbi.nlm.nih.gov/pubmed/18368008
https://www.hcupus.ahrq.gov/datainnovations/icd10_resources.jsp
https://www.hcupus.ahrq.gov/datainnovations/icd10_resources.jsp
http://dx.doi.org/10.1097/MLR.0000000000000805
https://cdn.ymaws.com/www.cste.org/resource/resmgr/ps/2019ps/PS_Nonfatal_Opioid_Overdose_.pdf
https://cdn.ymaws.com/www.cste.org/resource/resmgr/ps/2019ps/PS_Nonfatal_Opioid_Overdose_.pdf
http://c.ymcdn.com/sites/www.cste.org/resource/resmgr/injury/ISW7.pdf
http://c.ymcdn.com/sites/www.cste.org/resource/resmgr/injury/ISW7.pdf
https://resources.cste.org/Injury-Surveillance-Methods-Toolkit/Home/DrugOverdoseIndicators
https://resources.cste.org/Injury-Surveillance-Methods-Toolkit/Home/DrugOverdoseIndicators
http://dx.doi.org/10.1093/ije/dyw098
http://dx.doi.org/10.1016/j.jclinepi.2018.05.026
http://dx.doi.org/10.1097/01.PHH.0000338365.66704.7d
https://www.cdc.gov/nchs/data/icd/10cmguidelines-FY2020_final.pdf
https://www.cdc.gov/nchs/data/icd/10cmguidelines-FY2020_final.pdf
http://dx.doi.org/10.1093/heapol/czr004
http://dx.doi.org/10.1046/j.1365-2710.2002.00430.x
http://dx.doi.org/10.1136/bmj.h2750
http://dx.doi.org/10.1186/s40621-018-0165-8
http://dx.doi.org/10.1186/s40621-018-0165-8
http://injuryprevention.bmj.com/

	Interrupted time series analysis to evaluate the performance of drug overdose morbidity indicators shows discontinuities across the ICD-9-CM to ICD-10-CM transition
	ScholarWorks Citation
	Authors

	Interrupted time series analysis to evaluate the performance of drug overdose morbidity indicators shows discontinuities across the ICD-9-­CM to ICD-10-­CM transition
	Abstract
	Introduction
	Background
	Objectives

	Methods
	Data source and study population
	Case definitions
	Study design and analytic plan

	Results
	All-drug overdose results
	Intercept
	Time
	Transition
	TimeAfterTransition

	Opioid overdose results
	Intercept
	Time
	Transition
	TimeAfterTransition


	Discussion
	Key results
	Limitations

	Conclusion
	References


