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A B S T R A C T   

Background and aims: In the United States, overdose deaths resulting from methamphetamine and other 
amphetamine-type stimulants (METH/AMPH) have been increasing. We describe rates and characterize patients 
hospitalized after a METH/AMPH-involved overdose in Washington State, to guide prevention and control 
measures. 
Design, setting, participants: We conducted a trend analysis of hospitalized Washington State residents aged ≥15 
years who received a METH/AMPH-involved overdose diagnosis in Washington’s civilian hospitals and reported 
in the Comprehensive Hospital Abstract Reporting System. 
Measurements: We used Joinpoint regression analysis to study trends in rates of hospitalized patients who 
received a METH/AMPH-involved overdose diagnosis during 2010–2017. We used 2016–2017 data to describe 
characteristics of patients with nonfatal and fatal outcomes and used chi-square test (for categorical variables) 
and Wilcoxon rank-sum test (for continuous variables) to compare characteristics of patients by outcome. 
Findings: During 2010–2017, 3587 patients were hospitalized and received a METH/AMPH-involved overdose 
diagnosis. The age-adjusted rate for METH/AMPH-involved overdose hospitalization increased from 6.3/ 
100,000 persons in 2010 to 8.5/100,000 persons in 2017. Patients aged ≥55 years had the greatest increase in 
rate of overdose hospitalizations. Among these patients, 86% also had a substance use disorder diagnosis 
involving substances other than METH/AMPH, and 35% experienced a polysubstance overdose. 
Conclusions: We observed increasing rates of METH/AMPH-involved overdose hospitalizations in Washington 
State, particularly among persons aged ≥55 years. Approximately a third of patients also experienced a poly-
substance overdose, which can be considered when designing interventions to address increasing rates of 
overdose hospitalizations in Washington State.   

1. Introduction 

Methamphetamine and other amphetamine-type psychostimulants 
(METH/AMPH) are highly addictive and widely misused (Heal et al., 
2013; National Drug Intelligence Center, 2010). In the United States 
since 2008, misuse of METH/AMPH has been increasing (Center for 
Behavioral Health Statistics and Quality, 2018; Hunt, 2006; United 
Nations Office on Drugs and Crime (UNODC), 2014; Winkelman et al., 
2018). This increase has been attributed to increased production and 
availability of purer and low-cost methamphetamine (US Department of 

Justice Drug Enforcement Administration (DEA), 2017). Recently, in-
creases in METH/AMPH-involved overdose hospitalizations and deaths 
have been reported (Kariisa et al., 2019; Winkelman et al., 2018). In 
Washington State, the rate of psychostimulant-involved overdose 
deaths, largely due to methamphetamine, increased almost five-fold 
from 1.1/100,000 persons in 2008 to 5.3/100,000 persons in 2017 
(Washington State Department of Health, 2018). 

Limited studies are available that describe trends in rates for METH/ 
AMPH-involved overdose hospitalization, characteristics of hospitalized 
patients who experienced a METH/AMPH-involved overdose, or the 

* Corresponding author at: Epidemic Intelligence Service, Division of Scientific Education and Professional Development, Centers for Disease Control and Pre-
vention, 1600 Clifton Road, Atlanta, GA 30329-4027, United States. 

E-mail addresses: vkc7@CDC.gov (H. Njuguna), Jian.gong@doh.wa.gov (J. Gong), katie.hutchinson@DOH.WA.GOV (K. Hutchinson), mamadou.ndiaye@doh.wa. 
gov (M. Ndiaye), jennifer.sabel@doh.wa.gov (J. Sabel), cathy.wasserman@doh.wa.gov (C. Wasserman).  

Contents lists available at ScienceDirect 

Addictive Behaviors Reports 

journal homepage: www.elsevier.com/locate/abrep 

https://doi.org/10.1016/j.abrep.2021.100353 
Received 4 January 2021; Received in revised form 23 April 2021; Accepted 11 May 2021   

mailto:vkc7@CDC.gov
mailto:Jian.gong@doh.wa.gov
mailto:katie.hutchinson@DOH.WA.GOV
mailto:mamadou.ndiaye@doh.wa.gov
mailto:mamadou.ndiaye@doh.wa.gov
mailto:jennifer.sabel@doh.wa.gov
mailto:cathy.wasserman@doh.wa.gov
www.sciencedirect.com/science/journal/23528532
https://www.elsevier.com/locate/abrep
https://doi.org/10.1016/j.abrep.2021.100353
https://doi.org/10.1016/j.abrep.2021.100353
https://doi.org/10.1016/j.abrep.2021.100353
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abrep.2021.100353&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Addictive Behaviors Reports 14 (2021) 100353

2

clinical features of hospitalized patients with nonfatal and fatal out-
comes. To fill this gap, we conducted a trend analysis using Washington 
State’s hospitalization data. This investigation provides crucial infor-
mation on trends and characteristics of hospitalized patients who suf-
fered a METH/AMPH-involved overdose to enhance Washington’s 
prevention and control efforts for METH/AMPH-involved overdoses. 

2. Methods 

2.1. Study design 

We conducted a trend analysis among patients hospitalized in 
Washington State during 2010–2017. Cases were defined as a discharge 
diagnosis of METH/AMPH-involved overdose in a Washington State 
resident aged ≥15 years old hospitalized in a civilian hospital during the 
investigation period. This age cut-off was chosen because children aged 
<15 years are more likely to have overdosed from therapeutic uses of 
METH/AMPH, rather than from recreational or nontherapeutic METH/ 
AMPH use or abuse (Klein-Schwartz & McGrath, 2003). To identify 
cases, we reviewed the Washington State Department of Health’s 
(DOH’s) hospital discharge records collected using the Comprehensive 
Hospital Abstract Reporting System (CHARS). Civilian hospitals in 
Washington State are required by law to submit their hospital discharge 
records to DOH using CHARS (Washington State Department of Health, 
2014). The discharge records list all patient diagnoses made during 
hospitalization in up to 25 diagnostic fields using the International 
Classification of Disease (ICD) codes (Centers for Disease Control and 
Prevention (CDC), 2020). Before October 1, 2015, the clinical modifi-
cation of the Ninth Revision of ICD (ICD-9-CM) was used to code 
discharge diagnoses, this transitioned to the clinical modification of the 
Tenth Revision of ICD (ICD-10-CM) beginning October 1, 2015. We 
reviewed all 25 diagnostic fields and used the ICD-9-CM code 969.72 to 
identify patients diagnosed with METH/AMPH-involved overdose for 
data collected before October 1, 2015, and comparable ICD-10-CM 
codes T43.621A–T43.624A to identify patients on or after October 1, 
2015. 

To minimize double counting that might occur after hospital trans-
fers, we identified patients with multiple hospitalizations during the 
analysis period using unique patient identification numbers and hospi-
talization dates. In Washington, hospitals assign each patient a unique 
patient identification number capable of tracking repeat visits. For each 
patient, we identified sequential hospitalizations with METH/AMPH- 
involved overdose diagnosis and determined the difference in days be-
tween them. When the difference was less than one day, we considered 
the two hospitalizations to be the same overdose episode and used the 
most recent hospitalization record data for analyses. 

Because of the transition from ICD-9-CM to ICD-10-CM, not all 
diagnostic codes used to record discharge diagnoses and other comorbid 
conditions in ICD-9-CM matched with those in ICD-10-CM. Therefore, 
we limited our analyses of demographic and comorbid conditions to 
patients who were hospitalized and received a METH/AMPH-involved 
overdose diagnosis with nonfatal and fatal outcomes per ICD-10-CM 
diagnostic codes to hospitalizations that occurred only in 2016–2017. 
These diagnostic codes are not organized into clinically meaningful 
categories (i.e., different codes could be used to identify similar condi-
tions). We used the clinical classification software, developed by the 
federal Agency for Healthcare Research and Quality, that groups related 
ICD-10-CM codes into clinically meaningful diseases (Agency for 
Healthcare Research and Quality, 2019). Of note, since this software 
only uses ICD-10-CM, our analysis was limited to data for the last two 
years. We reviewed diagnostic codes recorded for each patient and used 
the single-level clinical classification software to summarize and classify 
comorbid conditions into clinically meaningful disease categories. For 
cases identified, we reviewed all discharge diagnosis fields to identify 
substance-involved overdoses diagnosed during current hospitalization. 
Substances included alcohol, cocaine, and opioids, which we 

categorized into heroin and nonheroin opioids. From discharge records, 
we also identified history of substance use disorders diagnosed before 
this hospitalization. These included alcohol, cannabis, cocaine, opioids, 
sedatives and tobacco use disorders. 

We used the patient’s residential zip code to classify their residence 
type into urban or rural using the Rural-Urban Commuting Area codes, 
following the Washington State Department of Health’s guidelines for 
using rural–urban classification systems for community health assess-
ment (Washington State Department of Health, 2016). The Rural-Urban 
Commuting Area codes were developed to classify geographic regions 
based on population density, urbanization, and the size and direction of 
primary daily commuter flow between geographic locations (Rural 
Health Research Center, 2017). 

2.2. Data analysis 

We calculated hospitalized METH/AMPH-involved overdose and 
death rates using the postcensal estimated Washington State population 
for persons aged ≥15 years as the denominator (Office of Financial 
Management). We adjusted these rates by age using the 2000 standard 
U.S. population. We also calculated the proportion of hospitalized pa-
tients who had received a METH/AMPH-involved overdose diagnosis 
and died during their hospitalization. Rates of hospitalized METH/ 
AMPH-involved overdose were further described by age group (15–24, 
25–34, 35–44, 45–54 and ≥55 years) and sex, because recent literature 
suggests there are changing patterns in substance use, including meth-
amphetamine, by these demographic characteristics (Chhatre et al., 
2017). We used Joinpoint regression analysis for each group to describe 
trend in rates and to determine the average annual percentage change in 
rates over the study period (2010–2017) using zero inflection (Clegg 
et al., 2009). Average annual percentage change is a summary measure 
of the trend over a prespecified fixed interval. It allowed us to use a 
single number to describe the annual percentage changes over a period 
of multiple years (National Cancer Institute). We quantified hospitali-
zations and deaths using rates and proportions to describe distribution of 
patients by categorical variables including residence type (urban or 
rural), comorbid conditions, polysubstance overdose and disposition, 
and median and interquartile range to describe the length of hospital 
stay. We used chi-square test for categorical variables and Wilcoxon 
rank-sum test for continuous variables that were not normally distrib-
uted to compare characteristics of patients with fatal and non-fatal 
outcomes. 

3. Ethical considerations 

We used Washington State’s hospitalization data without direct pa-
tient identifiers. The use of these data for this analysis was determined to 
be exempt from review by the Washington State Institutional Review 
Board. This project was determined to not be human subject research by 
the Centers for Disease Control and Prevention. 

4. Results 

During 2010–2017, we identified 3587 patients aged ≥15 years who 
resided in Washington State and were hospitalized and diagnosed at 
discharge with a METH/AMPH-involved overdose (Table 1). By age 
group, the highest proportion was seen among patients aged 25–34 
years (n = 986 [27%]), and most patients were male (n = 2214 [62%]) 
(Table 1). 

During 2010–2017, the age-adjusted rate of hospitalized METH/ 
AMPH-involved overdose increased from 6.3/100,000 persons in 2010 
to 8.5 hospitalizations/100,000 persons in 2017 with a peak of 9.9/ 
100,000 persons in 2016 (Fig. 1). The average annual percentage change 
in age adjusted rates was 6.0% (95% CI: 2.6–9.5%) (Table 1 and Fig. 1). 
The largest annual increase in METH/AMPH-involved overdose hospi-
talization by age group was reported among patients aged ≥55 years 
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(18.4% [95% CI: 9.2–28.5%]) (Table 1). While males experienced an 8% 
increase, females experienced a 3.1% increase (Table 1). 

Among hospitalized patients who received a METH/AMPH-involved 
overdose diagnosis, 103 (2.9%) died during hospitalization (Table 1). 
The age-adjusted death rates among these patients significantly 
increased from 0.2 deaths/100,000 persons in 2012 to a peak of 0.4 
deaths/100,000 persons in 2015 then leveled off to 0.3 deaths/100,000 
persons in 2016 and 2017 (Fig. 1). During 2016–2017, 1066 patients 
were hospitalized after a METH/AMPH-involved overdose (Table 2). Of 
these, 40 (4%) died during hospitalization. Most hospitalized patients 
who received a METH/AMPH-involved overdose diagnosis resided in 
urban areas (n = 986 [92%]). The most frequent comorbid conditions 
diagnosed among these patients included nervous system disorders (n =
695 [65%]), fluid and electrolyte disorders (n = 582 [55%]), and res-
piratory failure (n = 399 [37%]) (Table 2). Most patients (n = 921 
[86%]) had a diagnosis of at least one substance use disorder that was 
not a METH/AMPH-use-disorder. The most frequent substance use dis-
orders involved tobacco (n = 511 [48%]), opioids (n = 280 [26%]), and 
cannabis and alcohol (n = 162 [15%] and 161 [15%], respectively). 
Thirty-five percent of patients (n = 373) received a diagnosis of drug 
overdose involving other substances in addition to METH/AMPH (pol-
ysubstance overdose). Opioid (n = 304 [29%]) was the most frequent 
drug class involved in polysubstance overdoses (Table 2). 

Hospitalized patients with fatal outcomes, compared with patients 
with nonfatal outcomes, had a statistically significant longer median 
length of hospital stay (4 days vs 3 days), higher proportions with fluid 
and electrolyte disorder (80% vs 54%), respiratory failure (93% vs 
35%), acute and unspecified renal failure (70% vs 29%), hepatitis (30% 
vs 17%), liver disease (48% vs 14%), congestive heart failure (25% vs 
12%), aspiration (38% vs 12%), and septicemia (40% vs 10%) (Table 2). 
Hospitalized patients with fatal outcomes also had a higher proportion 
of polysubstance overdoses involving cocaine, compared with those 
with nonfatal outcomes (13% vs 4%). A lower proportion of patients 
with fatal outcomes were diagnosed with intentional self-harm and 
suicide (5% vs 17%), compared with those with non-fatal outcomes 
(Table 2). 

5. Discussion 

Our study reports increasing rates of hospitalizations and deaths 
during hospitalization among Washington State residents who received 
a METH/AMPH-involved overdose diagnosis, with the highest increase 
in hospitalization reported among patients 55 years and above. 
Increasing rates of METH/AMPH-involved overdose hospitalizations 
have also been reported in a recent national study that observed an 
approximate twofold increase in amphetamine-related hospitalizations 
in western states during 2003–2015 (Winkelman et al., 2018). Another 
national study among patients with opioid use disorder entering drug 
treatment programs during 2011–2017, reported increasing metham-
phetamine use, especially in the western region (Ellis et al., 2018). 

National efforts to reduce the prescription of opioids might have 
contributed to the increase in misuse of nonprescription drugs, such as 
methamphetamine and heroin among persons who use drugs (Centers 
for Disease & Prevention, 2012; Compton et al., 2016; Ellis et al., 2018; 
Franklin et al., 2012). Data from Washington State indicate a marginal 
increase in all opioid-involved overdose hospitalization rates, from 
18.1/100,000 persons in 2010 to 20.2/100,000 persons in 2017, driven 
by heroin-involved overdose rates that more than doubled during the 
same period, from 2.1/100,000 persons in 2010 to 4.7/100,000 persons 
in 2017 (Washington State Department of Health, 2018). In our study 
the age-adjusted rates for hospitalizations involving METH/AMPH 
overdose also increased from 6.3/100,000 persons in 2010 to 8.5/ 
100,000 persons in 2017, and almost twice the above reported rate for 
heroin overdose hospitalization in Washington State (Washington State 
Department of Health, 2018). It is possible that the increased availability 
and use of naloxone is reducing the rates for opioid-involved overdose Ta
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hospitalization (Doyon et al., 2016; Walley et al., 2013). 
Patients aged ≥55 years reportedly had the highest increase in rates 

for METH/AMPH-involved hospitalization during 2010–2017, 
compared with other age groups. This might be attributable to increased 
use of methamphetamine by persons in this age group as has been 
observed in other studies (Colliver et al., 2006; Wu & Blazer, 2011). 
Alternatively, given that older persons are more likely to have under-
lying comorbidities, they might be predisposed to developing severe 
illness after methamphetamine overdose, compared with younger users 
(Darke et al., 2008). 

Despite the small numbers for deaths, we observed increasing age- 
adjusted death rates among hospitalized patients diagnosed with 
METH/AMPH-involved overdose. A similar trend for increasing METH/ 
AMPH-involved overdose death rates has been reported both nationally 
and in Washington State (Alcohol Drug Abuse Institute (ADAI), 2018; 
Kariisa et al., 2019). This increase may be due to changing patterns of 
methamphetamine use, including the emerging concurrent use of mul-
tiple substances with methamphetamines (Betts et al., 2015; Caleb 
Banta-Green et al., 2015. Polysubstance use has been shown to increase 
the risk for overdose and death (Arria et al., 2008; Kuo et al., 2011). 
There have also been reports of methamphetamine contaminated with 
more potent substances such as fentanyl (Drug Enforcement Adminis-
tration (DEA), 2018). Fentanyl is a highly potent synthetic opioid that 
has been linked to a substantial number of opioid-related deaths in the 
United States (Gladden et al., 2016; Peterson et al., 2016). A cross- 
sectional study of drug test results for urine collected from patients 

across the United States found a 778% increase in nonprescribed fen-
tanyl among patients with methamphetamine-positive test, increasing 
from 0.9% in 2013 to 7.9% in 2018 (LaRue et al., 2019). The increasing 
use of methamphetamine together with fentanyl might have resulted in 
the increased METH/AMPH-involved overdose hospitalizations that 
were observed in our study (LaRue et al., 2019). 

5.1. Limitations 

Our study had several limitations. First, we used hospital discharge 
data for this analysis, which are primarily used for billing purposes and 
might not accurately report on patients diagnosed with METH/AMPH- 
involved overdose. Nosologists assign diagnostic codes based on physi-
cian and provider notes that can be misinterpreted or miscoded. How-
ever, any bias due to miscoding is likely to be relatively constant over 
time. Furthermore, reports using mortality data collected in Washington 
State have similar trends in methamphetamine-involved overdose 
deaths over the study period (Alcohol Drug Abuse Institute (ADAI), 
2018). Second, ICD 9 CM codes transitioned to ICD 10 CM codes in 
October 2015. The ICD 10 CM codes allow for the separation of drug 
poisoning from adverse drug reactions. However, the ICD 9 CM codes do 
not have this capability. This may have inflated the number of cases of 
METH/AMPH-involved overdose identified prior to the transition in 
October 2015. In addition, the discharge codes include both illicit and 
prescribed stimulants; thus, we are unable to determine the extent to 
which these trends are being driven by illicit or prescribed stimulants 

Fig. 1. Frequency, age-adjusted rates* and confidence interval for (A) hospitalized patients diagnosed with METH/AMPH involved overdose, (B) deaths among 
hospitalized patients diagnosed with METH/AMPH involved overdose and Joinpoint regression for (C) hospitalized patients diagnosed with METH/AMPH involved 
overdose and (D) deaths** among hospitalized patients diagnosed with METH/AMPH involved overdose — Washington State, 2010–2017 (*age adjusted using the 
2000 standard U.S. population. **number of deaths <10 not provided and rates unstable where number of deaths are <20). 
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though the majority would be illicit stimulants. Third, METH/AMPH- 
involved overdose patients who develop severe complications might 
have died soon after arriving at the hospital before a METH/AMPH- 
involved overdose diagnosis could be made underestimating our rates. 
However, the small numbers for deaths could have resulted in unstable 
rate estimates and should therefore be interpreted with caution. Fourth, 
for patients diagnosed with comorbidities, the possibility exists that 
certain conditions classified as comorbidities were caused by METH/ 
AMPH. We were unable to distinguish these comorbidities from other 
preexisting underlying conditions not associated with METH/AMPH 
use. Lastly, rates estimated in our study only accounted for hospitalized 
patients who received a METH/AMPH-involved overdose diagnosis even 
in cases where METH/AMPH might not be the primary cause of 

hospitalization. 

6. Conclusions 

This large analysis of hospital discharge data in Washington showed 
increasing rates of hospitalized METH/AMPH-involved overdose. These 
trends could be due to increasing availability of methamphetamine, 
polysubstance use that includes methamphetamine, and contamination 
of methamphetamine with other more potent substances. Older persons 
constitute a high proportion of METH/AMPH-involved overdose hos-
pitalizations in Washington State. These findings highlight the need for 
intensified efforts to reduce METH/AMPH-involved overdose hospital-
ization with special focus on polysubstance use. Specifically including 
interventions tailored to older persons in prevention and control mea-
sures could have a substantial impact on Washington METH/AMPH 
involved overdose hospitalizations. 
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