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Abstract

IMPORTANCE Despite indications of increasing amphetamine availability and psychostimulant
deaths in the United States, evidence across data sources is mixed, and data on amphetamine-
related hospitalizations are lacking.

OBJECTIVE To clarify trends in amphetamine-related hospitalizations and their clinical outcomes
and costs in the United States.

DESIGN, SETTING, AND PARTICIPANTS This repeated, cross-sectional study used hospital
discharge data from the Healthcare Cost and Utilization Project National Inpatient Sample. The
nationally representative sample included US adults (n = 1 292 300) who had amphetamine-related
hospitalizations between January 1, 2003, and December 31, 2015. Multivariable logistic and Poisson
regression models were used to examine in-hospital mortality and length of stay. Analysis of these
data was conducted from November 2017 to August 2018.

EXPOSURE Amphetamine dependence or abuse or amphetamine poisoning.

MAIN OUTCOMES AND MEASURES Annual hospitalizations, in-hospital mortality, length of stay,
transfer to another facility, and costs.

RESULTS Over the 2003 to 2015 study period, there were 1 292 300 weighted amphetamine-
related hospitalizations. Of this population, 541 199 (41.9%) were female and 749 392 (58.1%) were
male, with a mean age of 37.5 years (95% CI, 37.4-37.7 years). Amphetamine-related hospitalizations,
compared with other hospitalizations, were associated with age younger than 65 years (98.0% vs
58.0%; P < .001), male sex (60.3% [95% CI, 59.7%-60.8%] vs 41.1% [95% CI, 40.9%-41.3%]),
Medicaid coverage (51.2% [95% CI, 49.8%-52.7%] vs 17.8% [95% CI, 17.5%-18.1%]), and residence in
the western United States (58.5% [95% CI, 55.9%-61.0%] vs 18.9% [95% CI, 18.0%-19.8%]).
Amphetamine-related hospitalizations declined between 2005 and 2008, and then increased from
55 447 hospitalizations (95% CI, 44 936-65 959) in 2008 to 206 180 hospitalizations (95% CI, 95%
CI, 189 188-223 172) in 2015. Amphetamine-related hospitalizations increased to a greater degree
than hospitalizations associated with other substances. Adjusted mean length of stay (5.9 [95% CI,
5.8-6.0] vs 4.7 [95% CI, 4.7-4.8] days; P < .001), transfer to another facility (26.0% [95% CI, 25.3%-
26.8%] vs 18.5% [95% CI, 18.3%-18.6%]; P < .001), and mean in-hospital mortality (28.3 [95% CI,
26.2-30.4] vs 21.9 [95% CI, 21.6-22.1] deaths per 1000 hospitalizations; P < .001) were higher for
amphetamine-related than other hospitalizations. Annual hospital costs related to amphetamines
increased from $436 million (95% CI, $312 million-$559 million) in 2003 to $2.17 billion (95% CI,
$1.95 billion-$2.39 billion) by 2015.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE Given that amphetamine-related hospitalizations and costs
substantially increased between 2003 and 2015, pharmacologic and nonpharmacologic therapies for
amphetamine use disorders and a coordinated public health response are needed to curb these
rising rates.
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Introduction

Largely overshadowed by the opioid epidemic, deaths from psychostimulants increased more than
250% between 2008 and 2015 after a period of declining amphetamine use.1,2 Use of
amphetamines, primarily illicit methamphetamine hydrochloride, surged in the early 2000s and
then began to decline in the mid-2000s as precursors to methamphetamine production were
restricted.3 Coinciding with an uptrend in psychostimulant deaths are increases in the demand and
supply of high-purity, low-cost methamphetamine, as the US Drug Enforcement Administration
recently reported.1 In some US states, deaths from methamphetamine have surpassed deaths from
heroin.4 Preliminary evidence shows that amphetamine-related use of treatment facilities and
emergency departments (EDs) has increased in the past several years.5-7 Amphetamine use is now
the fourth most common reason to seek drug treatment in the United States, after alcohol, opioid,
and marijuana use.5

Nationally representative surveys, designed to be the key source for substance use prevalence
in the United States, have not reported a concurrent increase in methamphetamine use among
community-dwelling individuals.8 For example, national survey data indicate that methamphetamine
use declined between 2002 and 2014 for individuals aged 18 years or older.9,10 The discrepancy
between survey results and other data sources has created uncertainty for policymakers and health
care practitioners who must prioritize a response to amphetamine use relative to other substance
use trends. Trends in hospitalizations related to amphetamine use (ie, hospitalizations in which a
clinician identified current amphetamine dependence or abuse, or amphetamine poisoning, as one
of the issues relevant to the hospital stay) and associated costs have not been defined, but they could
serve to clarify important population-level trends in serious amphetamine use and its implications
for health.11

To shed light on this critical public health topic, we examined 3 key issues using a nationally
representative sample of hospitalizations: (1) frequency of amphetamine-related hospitalizations
over time; (2) length of stay (LOS), transfer rates to other facilities, and in-hospital mortality among
hospitalizations with and without an amphetamine-related diagnosis; and (3) per-episode costs and
annual, inflation-adjusted costs associated with amphetamine-related hospitalizations. Hospital
inpatient claims are an ideal data source because they include amphetamine use that has been
identified by a clinician as problematic, represent cases that are serious enough for hospital
admission, and are likely to include populations that are undersampled or excluded from household
surveys (eg, homeless or incarcerated individuals).

Methods

This study was exempt from human participant review, according to the Hennepin Healthcare
Research Institute policy on the use of deidentified data sets. We conducted analysis of these data
from November 2017 to August 2018. This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline.
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Study Design and Setting
We used 2003 to 2015 data from the National Inpatient Sample (NIS), part of the Healthcare Cost and
Utilization Project (HCUP) sponsored by the Agency for Healthcare Research and Quality, to conduct
a repeated cross-sectional analysis.12 The NIS is the largest nationally representative, all-payer
database of hospital discharges in the United States, representing 97% of the US population. Short-
term rehabilitation hospitals, long-term acute care hospitals (beginning in 2012), psychiatric
hospitals, and substance use treatment facilities are not included in the NIS sampling frame.13

However, the NIS captures nearly all substance use–related hospitalizations from community
hospitals as well as hospitalizations that may subsequently result in stays in short-term rehabilitation
or long-term acute care hospitals. To account for sampling changes in 2012, we applied trend weights
provided by HCUP to allow for comparison across years.12,13

Sample
The sample included hospitalizations between January 1, 2003, and December 31, 2015, of US adults
(aged 18 years or older). We identified amphetamine-related hospitalizations using the International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes for amphetamine
dependence or abuse (304.40-304.42, 305.70-305.72) or amphetamine poisoning (969.72).14-16 We
excluded diagnostic codes for amphetamine dependence or abuse in remission (304.43 and 305.73)
to limit the sample to individuals who were currently using amphetamines. Hospitalizations were
defined as amphetamine-related if a diagnosis code for amphetamine dependence or abuse or
amphetamine poisoning was listed in any diagnosis position. This approach is consistent with the
methods from the Centers for Medicare & Medicaid Services for identifying chronic or potentially
disabling conditions in hospital billing data.17 Diagnostic codes do not discriminate between
methamphetamine use, other illicit amphetamine use, and nonmedical use of prescription
amphetamines, but evidence indicates that such codes primarily represent methamphetamine use.
Data from ED visits suggest that methamphetamine use composes most of the acute care visits
related to amphetamines. For example, methamphetamine accounts for 102 961 (64.4%) of 159 840
amphetamine-related ED visits,18 and ED visits associated with methamphetamine are
approximately 3 times as prevalent as ED visits for prescription amphetamines (102 961 vs 31 244
visits).7,19 In addition, diagnoses (eg, endocarditis) that are common among individuals who inject
methamphetamine, but not as prevalent among those with nonmedical use of prescription
amphetamines, are associated with amphetamine-related diagnostic codes.14,20

We described a number of characteristics of the sample, including age, sex, race/ethnicity,
income quartile of patient zip code, hospital census region, other types of co-occurring substance use
(eg, alcohol; cannabis; opioids; cocaine; hallucinogens; sedatives, tranquilizers, or hypnotics), and
drug-induced mental disorders. We modified the ICD-9-CM coding schemes developed by HCUP to
define additional substance-related categories (eTable 1 in the Supplement).21

We also assessed the 15 most common primary diagnoses among amphetamine-related
hospitalizations to illustrate the comorbidities typically associated with amphetamine use. We used
ICD-9-CM codes to identify hospitalizations with a primary diagnosis of amphetamine dependence or
abuse, amphetamine poisoning, or substance use–induced mental disorder. We categorized all other
primary diagnoses according to HCUP Clinical Classifications Software for ICD-9-CM.22

Outcome Measures
Amphetamine-Related Hospitalizations
We estimated the number of amphetamine-related hospitalizations in each study year. In addition,
because use of opioids and other substances have also increased during this period,11,23-26 we
examined the number of amphetamine-related hospitalizations that were associated with a
co-occurring opioid-related diagnosis21 or any other substance (eg, alcohol; cannabis; opioids;
cocaine; hallucinogens; sedatives, tranquilizers, or hypnotics). Furthermore, to assess the robustness
of our main measure specification, we examined hospitalizations with a diagnosis code for
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amphetamine dependence or abuse or poisoning in the first position only. To explore the geographic
burden of amphetamine-related hospitalizations, we assessed the number of such hospitalizations
in each year by hospital census region.

We also examined whether trends in amphetamine-related hospitalizations substantively
differed from trends in other substance use–related hospitalizations during the study period. We
defined each substance using diagnosis codes both in any position and in the first position only to
assess the robustness of our results in various specifications.

Health Care Utilization, Health Outcomes, and Health Care Costs
Among hospitalizations with and without an amphetamine-related diagnosis in 2014 to 2015, we
compared 2 measures of health care utilization: LOS and transfer to another health facility (eg,
hospital, psychiatric hospital, addiction treatment center). Because of data limitations, the type of
transfer facility could not be disaggregated. We estimated the proportion of hospitalizations that
resulted in death and the total number of deaths among amphetamine-related hospitalizations in
2015, the most recent year of data in this study. Per capita hospital costs were also examined.

Finally, we calculated the total annual hospital costs for amphetamine-related hospitalizations
by primary payer (ie, all payers, Medicaid, uninsured, Medicare, or private insurance) over the
study period.

To obtain hospital costs, we used the Agency for Healthcare Research and Quality Cost-to-
Charge Ratio Files to convert charges.12 We applied the cost to charge ratio to each charge in the
analytic sample and inflation-adjusted resultant costs to 2015 US dollars using the Consumer Price
Index for All Urban Consumers.27

Statistical Analysis
We used weighted frequencies to describe the characteristics of hospitalizations with and without an
amphetamine-related diagnosis. Differences were compared statistically using Pearson χ2 tests.

Weighted counts were used to describe trends in amphetamine-related hospitalizations over
time, and we performed subgroup analyses by region. Significance testing was performed with
logistic regression, modeling year as a categorical variable.

To compare amphetamine-related hospitalization trends with hospitalization trends for other
substance use disorders, we estimated weighted, population-adjusted frequencies (hospitalizations
per 100 000 US adults) using US Census Bureau data as the denominator, as recommended by
HCUP.28 We estimated annual substance-specific hospitalization rates between January 1, 2008, and
December 31, 2015. We calculated the percentage change in each substance-specific hospitalization
trend between January 1, 2008, to December 31, 2008, and January 1, 2015, to December 31, 2015.

We used multivariable Poisson regression to compare LOS and multivariable logistic regression
to compare transfer rates between hospitalizations with and without an amphetamine-related
diagnosis. These models accounted for age, sex, race/ethnicity, income quartile of patient zip code,
and hospital region.

Similar multivariable logistic regression models were used to compare in-hospital mortality, and
multivariable Poisson regression models with robust SEs were used to compare costs per
hospitalization between hospitalizations with and without an amphetamine-related diagnosis.

Finally, total annual hospital costs for amphetamine-related hospitalizations were obtained by
using the Stata total commands, and subgroup analyses were performed by primary payer.

All analyses were conducted with Stata/MP, version 15.1 (StataCorp LLC). Estimates were
weighted, unless otherwise noted, to allow for nationally representative inferences and to account
for the 2012 changes to the NIS sampling strategy. In 2015, ICD-9-CM diagnosis codes were available
only for the first 3 quarters. We adjusted the survey weights in 2015 to generate annualized estimates
from the first 3 quarters of data. We considered a 2-sided P < .05 to be statistically significant. We
followed the 7 research practices recommended when using National Inpatient Sample data29 and
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the STROBE reporting guideline for cross-sectional studies, including clear variable specification,
description of statistical analysis, and reporting 95% CIs.30

Results

Sample Characteristics
The study sample contained 82 491 358 unweighted hospitalizations, representative of 402 942 144
hospitalizations between January 1, 2003, and December 31, 2015. Over the study period, there were
1 292 300 weighted amphetamine-related hospitalizations (unweighted n = 255 507). Of this
population, 541 199 (41.9%) were female and 749 392 (58.1%) were male, with a mean age of 37.5
years (95% CI, 37.4-37.7). These hospitalizations, compared with other hospitalizations, were more
likely to be associated with age younger than 65 years (98.0% vs 58.0%; P < .001), male sex (60.3%
[95% CI, 59.7%-60.8%] vs 41.1% [95% CI, 40.9%-41.3%]), and residence in the western United
States (58.5% [95% CI, 55.9%-61.0%] vs 18.9% [95% CI, 18.0%-19.8%]) (Table 1). Native American
race/ethnicity was 3 times more common among amphetamine-related, compared with other,
hospitalizations (2.0% [95% CI, 1.7%-2.3%] vs 0.6% [95% CI, 0.5%-0.7%]); Hispanic race/ethnicity
was also more common (16.0% [95% CI,14.9%-17.2%] vs 10.7% [95% CI, 10.2%-11.2%]), whereas
African American race/ethnicity was less common (8.7% [95% CI, 8.1%-9.3%] vs 15.1% [95% CI,
14.6%-15.5%]). Medicaid was the predominant payer for amphetamine-related hospitalizations
(51.2% [95% CI, 49.8%-52.7%]) but covered a minority of other hospitalizations (17.8% [95% CI,
17.5%-18.1%]).

One-quarter of amphetamine-related hospitalizations were associated with alcohol (25.3%
[95% CI, 24.7%-25.8%]) or cannabis use (28.9% [95% CI, 28.3%-29.6%]) and 1 in 5 (20.7% [95% CI,
19.9%-21.5%]) was associated with opioid use (Table 1).

Substance use and mental health disorders accounted for 9 of the top 15 primary diagnoses
among amphetamine-related hospitalizations (eTable 2 in the Supplement). Skin and subcutaneous
tissue infections and cardiovascular comorbidities were also common among amphetamine-related
hospitalizations.

Amphetamine-Related Hospitalizations
Between 2003 and 2005, the number of amphetamine-related hospitalizations increased from
59 684 (95% CI, 44 784-74 585) to 83 873 (95% CI, 68 936-98 810), consistent with known
methamphetamine trends in the mid-2000s.3 These hospitalizations declined to 55 447 (95% CI,
44 936-65 959) by 2008 and then increased more than 270% to 206 180 (95% CI, 189 188-223 172)
between 2008 and 2015 (Figure 1). More than half of these hospitalizations were associated with at
least 1 additional substance throughout the study period. In 2015, 132 107 (64.1%) of 206 180
amphetamine-related hospitalizations were associated with at least 1 additional substance. Similarly,
between 2003 and 2015, hospitalizations complicated by both opioids and amphetamines increased
537% from 6705 (95% CI, 4669-8741) to 42 680 (95% CI, 39 181-46 179).

Primary hospital diagnoses related to amphetamine use increased from 1234 (95% CI,
876-1592) in 2008 to 11 780 (95% CI, 10 808-12 752) in 2015, a 9½-fold increase.

Amphetamine-related hospitalizations were substantially higher in the western United States,
but more than doubled in all US census regions between 2008 and 2015 (Figure 2). These
hospitalizations increased between 2008 and 2015 from 32 388 (95% CI, 23 088-41 688) to 117 213
(95% CI, 102 233-132 194) in the West, from 11 685 (95% CI, 9063-14 308) to 52 460 (95% CI,
46 344-58 576) in the South, from 9325 (95% CI, 5410-13 239) to 30 687 (95% CI, 25 585-35 788) in
the Midwest, and from 2049 (95% CI, 1320-2778) to 5820 (95% CI, 4977-6663) in the Northeast.

Compared with changes in other substance–related hospitalizations between 2008 and 2015,
amphetamine-related hospitalizations increased to a substantially larger degree (Table 2). For
example, hospitalizations with an amphetamine-related diagnosis in any position increased 245.2%
(24.1 to 83.2 hospitalizations per 100 000 adults), compared with 45.9% (188.6 to 275.1
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hospitalizations per 100 000 adults) for opioid-related hospitalizations and 24.8% (1067.4 to 1331.8
hospitalizations per 100 000 adults) for hospitalizations related to any substance. Trends were
similar, although somewhat more exaggerated, when limited to hospitalizations where a substance
was identified in the first diagnosis position only.

Health Care Utilization, Health Outcomes, and Health Care Costs
Adjusted mean LOS was more than 1 day longer (5.9 [95% CI, 5.8-6.0] vs 4.7 [95% CI, 4.7-4.8] days;
P < .001) and transfer rates to another facility were statistically significantly higher (26.0% [95% CI,
25.3%-26.8%] vs 18.5% [95% CI, 18.3%-18.6%]; P < .001) for hospitalizations related to
amphetamines compared with other hospitalizations (Table 3). Adjusted in-hospital mortality was
6.4 (95% CI, 4.4-8.5) deaths per 1000 hospitalizations higher among amphetamine-related,
compared with other, hospitalizations (28.3 [95% CI, 26.2-30.4] vs 21.9 [95% CI, 21.6-22.1] deaths

Table 1. Sociodemographic Characteristics and Substance Use Patterns of Study Population, 2014 to 2015

Variable

Weighted, % (95% CI)

P Value
Amphetamine-Related
Hospitalizations (n = 64 789)

Other Hospitalizations
(n = 10 416 921)

Male 60.3 (59.7-60.8) 41.1 (40.9-41.3) <.001

Age, y

18-25 15.2 (14.7-15.6) 7.6 (7.5-7.7)

<.001
26-40 41.6 (40.9-42.3) 17.7 (17.5-17.9)

41-64 41.2 (40.4-42.0) 32.7 (32.6-32.9)

≥65 2.0 (1.9-2.2) 42.0 (41.7-42.3)

Race/ethnicity

Non-Hispanic white 68.3 (66.7-69.8) 68.2 (67.4-68.9)

<.001

African American 8.7 (8.1-9.3) 15.1 (14.6-15.5)

Hispanic 16.0 (14.9-17.2) 10.7 (10.2-11.2)

Asian/Pacific Islander 2.8 (2.1-3.8) 2.6 (2.5-2.8)

Native American 2.0 (1.7-2.3) 0.6 (0.5-0.7)

Other 2.2 (2.0-2.5) 2.9 (2.7-3.1)

Primary payer

Uninsured 16.2 (15.2-17.2) 4.4 (4.3-4.6)

<.001

Medicare 14.2 (13.8-14.7) 46.8 (46.5-47.1)

Medicaid 51.2 (49.8-52.7) 17.8 (17.5-18.1)

Private 13.8 (13.1-14.5) 28.1 (27.8-28.5)

Other 4.6 (4.1-5.1) 2.9 (2.8-3.0)

Median household income quartile

0-25, poorest 37.2 (35.6-38.7) 30.3 (29.7-31.0)

<.001
26-50 28.2 (27.4-29.1) 26.4 (25.9-26.9)

51-75 22.0 (21.1-23.0) 23.4 (22.9-23.8)

76-100 12.6 (11.7-13.6) 19.9 (19.2-20.6)

US region

Northeast 3.1 (2.8-3.4) 19.1 (18.1-20.1)

<.001
Midwest 14.6 (13.1-16.2) 22.6 (21.6-23.7)

South 23.9 (22.0-25.8) 39.4 (38.1-40.6)

West 58.5 (55.9-61.0) 18.9 (18.0-19.8)

Alcohol use 25.3 (24.7-25.8) 6.1 (6.0-6.2) <.001

Cannabis use 28.9 (28.3-29.6) 1.9 (1.9-2.0) <.001

Opioid use 20.7 (19.9-21.5) 2.1 (2.0-2.1) <.001

Cocaine use 11.5 (11.0-12.0) 1.1 (1.1-1.2) <.001

Hallucinogen use 1.7 (1.6-1.8) 0.04 (0.038-0.042) <.001

Sedative use 7.3 (6.9-7.7) 0.6 (0.57-0.61) <.001

Other drug use 8.5 (8.1-8.9) 1.4 (1.4-1.5) <.001

Drug-induced mental disorder 14.3 (13.5-15.0) 0.9 (0.8-0.9) <.001
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per 1000 hospitalizations). In 2015, 2667 deaths (95% CI, 2314-3019) occurred among
amphetamine-related hospitalizations.

Costs per hospitalization were statistically significantly lower among amphetamine-related
hospitalizations, compared with other hospitalizations (Table 3), while total hospital costs related to
amphetamines increased substantially between 2003 and 2015. Amphetamine-related hospital
costs totaled $436 million (95% CI, $312 million-$559 million) in 2003 and increased to $2.17 billion
(95% CI, $1.95 billion-$2.39 billion) by 2015. Between 2013 and 2015, the costs of hospitalizations for
an amphetamine-related diagnosis covered by Medicaid spiked from $563 million (95% CI, $474
million-$652 million) to $1.25 billion (95% CI, $1.09 billion-$1.40 billion), representing approximately
57.6% of hospital costs for amphetamine-related hospitalizations in 2015. Amphetamine-related
hospital costs among the uninsured population decreased from $335 million (95% CI, $294 million-
$376 million) in 2013 to $244 million (95% CI, $214 million-$274 million) in 2015.

Discussion

Amphetamine-related hospitalizations increased between 2008 and 2015 from 55 447 to 206 180
and totaled $2.17 billion in hospital costs by 2015. These hospitalizations more than doubled in every
region of the United States, but were most prevalent in the West, and increased to a greater degree
than hospitalizations for other substance use disorders. Our findings suggest that amphetamine use

Figure 1. Amphetamine-Related Hospitalizations in the United States, 2003 to 2015

200 000

150 000

100 000

50 000

250 000

0

W
ei

gh
te

d 
H

os
pi

ta
liz

at
io

ns
, N

o.

Year
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

All amphetamine-related 
hospitalizations

Amphetamine only

Amphetamine plus 1 or
more substance

Amphetamine plus opioid

Figure 2. Amphetamine-Related Hospitalizations by US Census Region, 2003 to 2015
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may represent an emerging public health issue. Public health responses that address the
socioeconomic factors in addiction are needed, particularly because no pharmacologic options exist
for the treatment of amphetamine use disorders.31

Compared with all other hospitalizations, amphetamine-related hospitalizations were
associated with a 29% higher rate of adjusted in-hospital mortality. Higher in-hospital mortality may
be associated with the known cardiovascular effects of amphetamine use.32,33 From the 2015 NIS
data, we identified 2667 deaths during amphetamine-related hospitalizations, while the Centers for
Disease Control and Prevention reported 5716 deaths from psychostimulant overdose (excluding
cocaine).26 Our study did not account for overdose deaths that occurred outside of the hospital and
included deaths from possible amphetamine use complications but not overdose. Therefore, the
inpatient deaths in this study partially reflect the deaths as defined and reported by the Centers for
Disease Control and Prevention, and the study provides additional information about mortality
related to psychostimulant use in the United States.

Use of other substances (eg, opioids, alcohol) increased during the study period,34,35 but we
found substantially larger proportional increases in amphetamine-related hospitalizations compared
with hospitalizations for other substance use disorders between 2008 and 2015. This finding

Table 2. Trends in Substance-Related Hospitalizations per 100 000 US Adults, 2008 to 2015

Year Amphetamine Alcohol Cannabis Cocaine Hallucinogen Opioid Sedative Other Drug Any Substance
Substance Identified in Any Diagnosis Position, Weighted Frequenciesa

2008 24.1 690.5 141.6 170.7 3.8 188.6 75.0 117.9 1067.4

2009 27.5 716.5 161.3 166.3 3.7 210.1 76.3 131.9 1126.9

2010 34.2 752.9 177.5 169.7 4.3 231.7 83.6 141.5 1197.5

2011 40.0 746.6 189.4 166.1 5.0 239.1 86.5 159.8 1212.6

2012 48.2 748.5 201.8 149.3 5.1 243.7 83.2 166.3 1223.0

2013 60.1 739.2 212.5 144.4 5.1 248.3 78.5 172.3 1226.0

2014 69.0 746.8 237.7 140.8 5.4 260.9 77.1 179.7 1265.9

2015 83.2 775.4 270.1 146.2 7.3 275.1 77.4 182.9 1331.8

% Change
2008-2015

245.2 12.3 90.7 −14.4 91.0 45.9 3.1 55.1 24.8

Substance Identified in First Diagnosis Position Only, Weighted Frequenciesa

2008 0.5 137.6 0.7 6.4 0.4 35.7 25.5 4.4 210.7

2009 1.0 138.8 0.8 4.6 0.4 33.7 25.2 4.8 208.1

2010 2.5 147.4 0.9 5.9 0.5 37.2 26.3 5.4 223.6

2011 3.1 140.0 0.7 11.7 0.7 37.5 26.3 4.9 221.8

2012 3.4 137.0 0.8 8.0 0.8 37.4 25.7 5.2 214.9

2013 3.9 133.8 0.7 7.5 0.8 35.5 23.0 5.1 206.3

2014 4.0 138.3 0.8 6.6 1.0 33.2 20.9 5.4 206.2

2015 4.8 145.2 0.8 6.5 2.0 33.2 19.7 5.3 212.7

% Change
2008-2015

786.1 5.6 8.9 1.6 399.6 −7.0 −23.0 21.6 0.9

a Denominator is from the US Census Bureau data provided by the Healthcare Cost and Utilization Project.28

Table 3. Health Care Utilization, In-Hospital Mortality, and Hospital Costs by Amphetamine-Related
Hospitalization Status, 2014 to 2015

Outcomea

Mean (95% CI)

P Value
Amphetamine-Related
Hospitalizations

Other
Hospitalizations

Length of stay, d 5.9 (5.8-6.0) 4.7 (4.7-4.8) <.001

Transfer to another facility, % 26.0 (25.3-26.8) 18.5 (18.3-18.6) <.001

In-hospital mortality per 1000
hospitalizations, No.

28.3 (26.2-30.4) 21.9 (21.6-22.1) <.001

Cost per hospitalization, US$ 10 941 (10 615-11 268) 11 737 (11 590-11 884) <.001
a Adjusted for age, sex, race/ethnicity, zip code income

quartile, and hospital region.
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suggests that rising levels of amphetamine-related hospitalizations are unlikely to be associated
solely with rising rates of substance use–related hospitalizations.

Total LOS was statistically significantly higher among amphetamine-related hospitalizations
than other hospitalizations. Rates of transfers to another facility were also more common among
amphetamine-related hospitalizations, suggesting that individuals with amphetamine use may
require ongoing care and may be unable to return home. We are unaware of previous data that
document higher LOS and facility transfers related to amphetamine use.

Amphetamine-related hospital costs were disproportionately incurred by patients covered by
Medicaid, particularly beginning in 2014 when Medicaid was expanded through the Affordable Care
Act. Some evidence indicates that the costs of medication for opioid use disorders can lower overall
costs incurred by Medicaid through lower utilization of nonopioid–related care.36 However, to our
knowledge, no such data exist for amphetamine use disorders, in part, because effective medication
for amphetamine use disorder does not exist.31 Behavioral therapies, contingency management in
particular, are the only treatments currently available for amphetamine use disorder, but their
efficacy is rarely sustained.37-39 As such, the public health approach proposed by experts to combat
the opioid epidemic may also prove useful if expanded to include other substances, such as
amphetamines.40,41 For example, as is the case for opioid use, needle and syringe exchange
programs,42 safe-injection facilities,43 and a broader mission to address the socioeconomic factors
associated with despair and addiction44 may reduce the burden of amphetamine abuse as well as
other substance use disorders.

Limitations
These findings should be interpreted within the context of the study’s limitations. As noted,
diagnostic codes do not differentiate methamphetamine use from other illicit amphetamine use or
nonmedical prescription amphetamine use. However, our findings strengthen the assertion that
amphetamine-related hospitalizations are primarily associated with methamphetamine. For
example, only 13.8% of amphetamine-related hospitalizations were covered by private insurance.
This low coverage rate is similar to the low rates of private insurance among individuals who use
methamphetamine (25%)45 and varies substantially from the higher rates of private insurance
among individuals who use nonmedical prescription amphetamine (65%).46 Furthermore, we found
that most amphetamine-related hospitalizations occurred in the western region of the United States,
which is most consistent with geographic trends in methamphetamine use.1,3,47 Use of nonmedical
prescription amphetamine is relatively homogeneous across the country.46 Nonetheless, our
findings may reflect a concurrent rise in hospitalizations for prescription amphetamine users. The
lack of specificity of ICD-9-CM diagnostic codes has persisted in updated ICD-10 codes and raises
concerns that the current coding structures lack sufficient granularity for detecting and responding
to emerging public health issues related to a variety of psychostimulants.

Another limitation is that this study relied on hospital claims data, whose primary purpose is to
record billing. Therefore, our findings could reflect changes in billing practices over time, although
the trends we identified are similar to other reports of rising methamphetamine use.1,47 The NIS
sampling frame was redesigned during our study period, which could introduce a break in trends
beginning in 2012. However, we applied trend weights to account for these changes. Furthermore,
no substantive changes in the NIS sampling frame occurred between 2012 and 2015, the period with
the steepest rise in amphetamine-related hospitalizations. Because we used hospital claims data, we
did not capture trends in the general population. It is likely that the burden of amphetamines across
the US population is substantially larger, if varied in acuity, than that documented in this study of
amphetamine-related hospitalizations.

We are limited in our ability to clarify discrepancies between our findings and national survey
data. These inconsistencies may be related to the exclusion of populations disproportionately
affected by substance use (eg, those who are homeless or incarcerated) or to the underreporting of
methamphetamine use because of stigma48 in national surveys. On the other hand, amphetamine
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use may increasingly lead to hospitalization because of changes in amphetamine use risk behavior
(eg, injection drug use), drug purity, or adulterants.

Conclusions

Amphetamine-related hospitalizations in the United States tripled between 2008 and 2015
following a brief period of decline between 2005 and 2008. Most of these hospitalizations were
covered by Medicaid and occurred in the western United States. Rising rates of amphetamine use
resulted in $2.17 billion in annual hospital costs by 2015 and higher in-hospital mortality rates
compared with other hospitalizations. Pharmacologic and nonpharmacologic therapies that
effectively treat amphetamine use disorders, as well as a coordinated public health response, are
needed to curb rapidly rising rates of amphetamine use.
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