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Background.  Among those with injection drug use-associated infective endocarditis (IDU-IE), against medical advice (AMA) 
discharge is common and linked to adverse outcomes. Understanding trends, risk factors, and timing is needed to reduce IDU-IE 
AMA discharges.

Methods.  We identified individuals ages 18–64 with International Classification of Diseases, 9th Revision, diagnosis codes for 
infective endocarditis (IE) in the National Inpatient Sample, a representative sample of United States hospitalizations from January 
2010 to September 2015. We plotted unadjusted quarter-year trends for AMA discharges and used multivariable logistic regression 
to identify factors associated with AMA discharge among IE hospitalizations, comparing IDU-IE with non-IDU-IE.

Results.  We identified 7259 IDU-IE and 23 633 non-IDU-IE hospitalizations. Of these hospitalizations, 14.2% of IDU-IE 
and 1.9% of non-IDU-IE resulted in AMA discharges. More than 30% of AMA discharges for both groups occurred before 
hospital day 3. In adjusted models, IDU status (adjusted odds ratio [AOR], 3.92; 95% confidence interval [CI], 3.43–4.48)] was 
associated with increased odds of AMA discharge. Among IDU-IE, women (AOR, 1.21; 95% CI, 1.04–1.41) and Hispanics 
(AOR, 1.32; 95% CI, 1.03–1.69) had increased odds of AMA discharge, which differed from non-IDU-IE. Over nearly 6 years, 
odds of AMA discharge increased 12% per year for IDU-IE (AOR, 1.12; 95% CI, 1.07–1.18) and 6% per year for non-IDU-IE 
(AOR, 1.06; 95% CI. 1.00–1.13).

Conclusions.  AMA discharges have risen among individuals with IDU-IE and non-IDE-IE. Among those who inject drugs, 
AMA discharges were more common and increases sharper. Efforts that address the rising fraction, disparities, and timing of IDU-IE 
AMA discharges are needed.
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Injection drug use-associated infective endocarditis (IDU-IE) 
is an expensive and life-threatening heart valve infection. 
IDU-IE hospitalizations doubled between 2000 and 2014 and 
deaths tripled during a similar period with more dramatic in-
creases in some regions [1–3]. Infective endocarditis (IE) can 
be successfully treated with an extended course of intravenous 
antibiotic therapy, but sometimes valve replacement is needed. 
Antibiotic treatment and surgery are frequently interrupted by 
discharges against medical advice (AMA) among those with 
IDU-IE [3–5]. AMA discharges are associated with increased 

rehospitalization, mortality, and resource utilization compared 
with planned discharges [6–9].

Qualitative studies have demonstrated that individuals with 
opioid use disorder (OUD) frequently experience AMA dis-
charge because of untreated or undertreated opioid withdrawal 
symptoms, cravings, pain, and stigma [10, 11]. Additionally, 
many patients with IDU-IE lack access to home- or facility-
based postacute medical care, and thus remain hospitalized 
for the duration of intravenous antibiotic treatment (often 6 
weeks) [12]. During these hospitalizations, conflict with the 
hospital care team over ongoing substance use, psychiatric 
comorbidities, prior trauma, loss of autonomy, poor communi-
cation, and restricted movement may increase the risk of AMA 
discharge [8, 10].

AMA discharges for mental health and substance-related 
diagnoses decreased 2.3% annually across all US hospital-
izations between 2002 and 2011 [13]. However, AMA dis-
charge remained more common among individuals who use 
substances than those who do not and more frequent when 
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multiple substances were used [9, 13–15]. Several studies have 
demonstrated high rates of AMA discharge among IDU-IE and 
in-hospital injection drug use increased risk [4, 5, 8]. Trends, 
additional risk factors, and timing for these discharges are not 
known despite their importance for clinical care and program 
development. Moreover, it is not known how these trends and 
factors compare with individuals with non-IDU-IE. In this 
study, we test the following hypotheses: AMA discharge will 
be more common among IDU-IE than non-IDU-IE hospi-
talizations; IDU-IE AMA discharges will have increased over 
time and non-IDU-IE AMA discharges will remain constant; 
and IDU-IE AMA discharges will be more concentrated in the 
first 3 days of admission than non-IDU-IE (a window during 
which opioid withdrawal can be severe and, if not treated, lead 
to AMA discharge).

METHODS

Study Design and Data Source

We used data from the National Inpatient Sample (NIS) be-
tween January 1, 2010, and August 31, 2015, to identify all 
IE discharges. The NIS is a large, publicly available database 
comprising a sample of all inpatient hospitalizations in the 
United States. By using sample weights, NIS can estimate out-
comes for all US hospitalizations, excluding those at Veterans 
Administration facilities. We assessed for changes in AMA dis-
charge rate among IDU-IE and non-IDU-IE hospitalizations; 
used logistic regression to identify demographic and clinical fac-
tors associated with AMA discharge among all IE, non-IDU-IE, 
and IDU-IE; and described the proportion of AMA discharges 
by hospital length of stay (LOS). The Boston University Medical 
Campus institutional review board determined this study did 
not constitute human subjects research.

Cohort Selection

Hospitalizations among individuals aged 18 to 64 with an 
International Classification of Diseases, 9th Revision (ICD-9), 
diagnosis of native valve IE (421.0, 421.1 421.9, 424.90, 424.91, 
424.99, 112.81) were included in the cohort, which was previ-
ously described [16]. We excluded quarter 4 of 2015 because 
of increases in OUD coding after the transition from ICD-9 
to ICD-10 [16, 17]. We selected these ages to limit misclassi-
fication of older individuals with structural heart disease or 
younger individuals with congenital heart disease, consistent 
with prior IDU-IE studies [16, 18, 19].

We stratified the cohort by IDU status using ICD-9 diagnosis 
codes corresponding to drug use (including opioids and stimu-
lants) or hepatitis C based on a previously validated algorithm 
for identifying IDU as the etiology for IE [20]. The algorithm, 
which used ICD-10 codes, had a 93% sensitivity, 61% specificity, 
and resulting positive predictive value of 83% when compared 
with chart review. We mapped ICD-10 codes to ICD-9 codes 

using the 2015 general equivalence mapping from the Centers 
for Medicaid and Medicare Services as previously described 
(Supplementary Table 1) [16, 21]. We excluded hospitalizations 
with missing data in the main models.

Variables of Interest

The primary outcome was AMA discharge following hos-
pitalization for IE. Some researchers have referred to AMA 
discharges as “patient-directed discharges” to highlight the 
importance of shared discharge decision making [8]. We used 
the term AMA because we were unable to decipher the circum-
stances of discharges assigned AMA in our data. We included 
the following descriptive clinical covariates from NIS: age, sex, 
race/ethnicity (where Hispanic is exclusive of race), insurance 
status, income quartile of patient’s ZIP code, elective admission 
(eg, planned cardiac surgery), cardiac valve surgery defined 
by ICD-9 procedure codes previously detailed [16], LOS, and 
death. We then examined time to AMA discharge and LOS for 
live/non-AMA discharge. We calculated a modified Elixhauser 
score, a composite comorbidity index associated with inpatient 
mortality risk commonly used in administrative data to ad-
just for comorbidities [22]. The Elixhauser score is calculated 
by identifying diagnostic codes in 30 clinical categories from 
selected billing codes. We removed depression, psychosis, al-
cohol use, and drug use from the summed Elixhauser score and 
evaluated these factors individually because they have been pre-
viously associated with AMA discharge and IDU status [13, 15]. 
For drug use comorbidities, we excluded the codes used in our 
definition of IDU and created separate variables for cannabis 
(ICD-9 305.2) and sedative use (ICD-9 304.1 and 305.4) [22]. 
We grouped Elixhauser scores into the following categories: 
0, 1–2, 3–4, and ≥5. We also included several hospital-level 
characteristics available in NIS (hospital region, hospital size, 
and teaching status of hospital). Hospitals size was classified 
as small, medium, or large in the NIS based on the number of 
acute care beds with thresholds specific to region, urban/rural 
classification, and teaching status [23].

Statistical Analysis

In bivariate analyses comparing IDU-IE and non-IDU-IE, we 
used t tests and χ 2 tests for continuous and categorical vari-
ables, respectively. We plotted quarterly unadjusted proportion 
of AMA discharges among IDU-IE and non-IDU-IE between 
quarter 1 2010 and quarter 3 2015. We used multivariable lo-
gistic regression models to test for factors associated with AMA 
discharge among IDU-IE, non-IDU-IE, and all IE in separate 
models. Other than LOS, which is associated with the AMA 
outcome, we included all covariates previously mentioned and 
a term for calendar quarter to adjust for temporal trends. Based 
on these findings, we plotted unadjusted proportion of AMA 
discharges among IDU-IE and non-IDU-IE for males and fe-
males separately. Additionally, we plotted the proportion of all 
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AMA and non-AMA, live discharges by hospital day in which 
hospitalizations with missing death data were excluded. To im-
prove visualization and address extreme outliers, we grouped 
hospitalizations with a LOS above the 99th percentile as having 
occurred at the 99th percentile. To account for NIS’s represen-
tative sampling, we used survey procedures in SAS, version 9.4, 
(SAS Institute Inc., Cary, NC, USA).

RESULTS

We identified 40 386 hospitalizations for IE. We excluded hos-
pitalizations resulting in transfer to another acute care hospital 
to prevent double counting (4630). We also excluded those 
hospitalizations with missing data: discharge date (1322), race 
(2263), payor (109), ZIP code income quartile (832), elective 
status (75), teaching classification of hospital (223), and dispo-
sition (40). One hospitalization with missing death data was re-
tained in the cohort because death was not in our main models. 
The resulting study sample was 30 892 hospitalizations corre-
sponding to an estimated 153 616 national hospitalizations from 
January 1, 2010, to August 31, 2015. Non-IDU-IE accounted 
for 76.5% (117  482) and IDU-IE for 23.5% (36  133) of all IE 
hospitalizations. Compared with non-IDU hospitalizations, 
IDU hospitalizations were more common among young adults, 
whites, females, those uninsured or insured by Medicaid, those 
who live in the lowest ZIP code income quartile, as well as those 
who were admitted nonelectively. Additionally, IDU-IE hospi-
talizations had lower modified Elixhauser scores, but higher 
rates of alcohol, cannabis, sedative use, psychoses, and depres-
sion. Those with IDU-IE were less likely to die in the hospital 
or receive cardiac surgery and were hospitalized 2.6 days longer 
compared with non-IDU-IE (Table 1).

AMA Discharges

During the study period, the frequency of AMA discharges per 
quarter for IDU-IE increased from 11.7% to 21.0% of hospital-
izations, whereas non-IDU-IE AMA discharges increased from 
1.9% to 2.9% (Figure 1). In adjusted models, IDU-IE hospital-
izations were associated with increased risk of AMA discharge 
(adjusted odds ratio [AOR], 3.92; 95% confidence interval [95% 
CI], 3.43–4.48). The odds of AMA discharge increased signifi-
cantly for IDU-IE (AOR, 1.12; 95% CI, 1.07–1.18) each year and 
nearly reached significance for non-IDU-IE (AOR, 1.06; 95% 
CI, 1.00–1.13) (Table 2).

Among both non-IDU and IDU-IE, younger age and res-
iding in the lowest ZIP code income quartiles were associated 
with increased odds of AMA discharge. Having commercial or 
Medicare insurance, higher Elixhauser scores, being hospital-
ized in the South, being admitted electively, receiving cardio-
thoracic surgery, and receiving care in a large hospital were all 
significantly associated with decreased odds of AMA discharge 
for both groups. There were no associations with AMA discharge 

and hospital teaching status or differences between white and 
Black individuals with IDU-IE or non-IDU-IE. However, com-
pared with white individuals, Hispanic individuals with IDU-IE 
were more likely (AOR, 1.32; 95% CI, 1.03–1.69) and Asians 
with non-IDU-IE were less likely to have an AMA discharge 
(AOR, 0.27; 95% CI, .09–.86). Alcohol, cannabis, and psychosis 
were all associated with increased odds of an AMA discharge 
among non-IDU-IE but not for IDU-IE (Table 2).

Female sex was associated with increased AMA discharge 
(AOR, 1.21; 95% CI, 1.04–1.41) among IDU-IE, but was as-
sociated with decreased AMA discharge among non-IDU-IE 
(AOR, 0.71; 95% CI, .58–.87). To explore this association fur-
ther, we plotted the unadjusted, quarterly proportions of AMA 
discharges stratified by sex. During the study period, AMA 
IDU-IE discharges among females increased from 14.5% to 
25.0% while increasing from 10.0% to 18.0% among males. 
Among non-IDU-IE hospitalizations, AMA discharges among 
females increased from 1.9% to 2.5% while increasing among 
males from 1.9% to 3.2% (Supplementary Figure 1).

Though the mean LOS is 16.0 days for IDU-IE and 13.4 days 
for non-IDU, AMA discharges were concentrated early in the 
hospitalization for both IDU and non-IDU IE. Among IDU-IE 
AMA discharges, 32.5% occurred on hospital day 0–2 and 
31.6% occurred during that same time period for non-IDU-IE. 
In comparison, non-AMA, live discharges for IDU (6.3%) and 
non-IDU-IE (10.0%) were uncommon before hospital day 3 
(Figure 2).

DISCUSSION

The proportion of hospitalizations for IE resulting in AMA dis-
charge increased from 2010 to 2015, and during the last quarter 
of our study (quarter 3 2015), accounted for more than 1 in 
5 of all IDU-IE discharges. AMA discharge may result in ad-
verse risk for individuals with IE, a diagnosis that carries mor-
bidity, mortality, and risk of rehospitalization even for those 
who complete treatment [9, 19]. These data predate evidence 
for oral antibiotic treatment for IE, suggesting individuals with 
AMA discharge did not complete treatment in a timely manner, 
though the treatment may have been completed on subsequent 
admissions [24]. Furthermore, oral antibiotics are often with-
held for those with AMA discharges despite potential benefit 
[25]. Though several studies have documented rising rates 
and demographic shifts in individuals with IDU-IE (eg, more 
women and young people), there has been little examination 
into the rising proportion or timing of these AMA discharges, 
particularly in comparison to non-IDU-IE hospitalizations [16, 
18].

AMA discharges were common early in the hospitaliza-
tion of both IDU-IE and non-IDU-IE, but they represented a 
much larger percentage (21.0% vs 2.9%) and grew more rapidly 
among IDU-IE. Although initial hospital days can be marked 
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Table 1.  Characteristics of Infective Endocarditis Hospitalizations in the United States among Individuals Ages 18–64 Between 1 January 2010, and 31 
August 2015

Full Cohort IDU Non-IDU P Valuea

  n = 30 892  n = 7259  n = 23 633   

  Weighted n = 153 616 SEb Weighted n = 36 133 SE Weighted n = 117 482 SE  

Age        <.0001

 18–24 5.3%c 0.2 10.8% 0.4 3.6% 0.1  

 25–34 14.9% 0.2 31.8% 0.6 9.7% 0.2  

 35–44 15.8% 0.2 21.1% 0.5 14.2% 0.2  

 45–55 27.2% 0.3 22.6% 0.6 28.6% 0.3  

 56–65 36.8% 0.3 13.8% 0.5 43.8% 0.4  

Female  41.6% 0.3 43.3% 0.6 41.1% 0.4 .0017

Race/ethnicity        <.0001

 White 64.2% 0.5 72.3% 0.8 61.8% 0.6  

 Black 21.0% 0.4 14.9% 0.6 22.9% 0.5  

 Hispanic 9.5% 0.3 9.1% 0.5 9.6% 0.3  

 Asian 1.8% 0.1 0.6% 0.1 2.1% 0.1  

 Native American 0.7% 0.1 0.8% 0.1 0.7% 0.1  

 Other 2.8% 0.2 2.3% 0.2 2.9% 0.2  

Payor        <.0001

 Medicare 27.5% 0.3 14.4% 0.5 31.6% 0.4  

 Medicaid 27.4% 0.4 45.9% 0.7 21.8% 0.4  

 Commercial 29.9% 0.4 13.1% 0.4 35.1% 0.4  

 Self 10.3% 0.3 19.9% 0.6 7.3% 0.2  

 No charge 1.2% 0.1 2.4% 0.2 0.8% 0.1  

 Other 3.7% 0.2 4.3% 0.3 3.5% 0.2  

ZIP code income quartiled        <.0001

 Quartile 1 37.6% 0.5 42.2% 0.8 36.2% 0.5  

 Quartile 2 25.2% 0.3 25.6% 0.6 25.0% 0.4  

 Quartile 3 20.8% 0.3 19.1% 0.5 21.4% 0.4  

 Quartile 4 16.4% 0.4 13.1% 0.5 17.5% 0.5  

Hospital region        <.0001

 Northeast 19.9% 0.6 20.0% 0.8 19.9% 0.7  

 Midwest 17.3% 0.6 14.2% 0.7 18.3% 0.6  

 South 42.8% 0.7 42.3% 1.0 43.0% 0.7  

 West 19.9% 0.5 23.5% 0.8 18.8% 0.5  

Hospital location/teaching 
status

       .0108

 Rural 7.0% 0.3 6.1% 0.4 7.3% 0.3  

 Urban, 
nonteaching

29.1% 0.6 28.4% 0.8 29.3% 0.6  

 Urban, teaching 63.9% 0.6 65.5% 0.9 63.4% 0.7  

Hospital bed size        .6676

 Small 11.0% 0.2 11.1% 0.5 10.9% 0.3  

 Medium 24.0% 0.5 24.4% 0.8 23.9% 0.5  

 Large 65.0% 0.6 64.5% 0.9 65.2% 0.6  

Modified Elixhauser scoree        <.0001

 0 2.6% 0.1 4.0% 0.2 2.1% 0.1  

 1–2 22.3% 0.3 29.0% 0.6 20.2% 0.4  

 3–4 34.7% 0.3 35.2% 0.6 34.5% 0.3  

 ≥5 40.5% 0.4 31.8% 0.6 43.1% 0.5  

Alcohol  7.5% 0.2 12.4% 0.4 6.0% 0.2 <.0001

Cannabis  2.3% 0.1 6.1% 0.3 1.1% 0.1 <.0001

Sedatives  0.5% 0.04 1.8% 0.2 0.1% 0.01 <.0001

Psychoses  7.3% 0.2 12.6% 0.4 5.7% 0.2 <.0001

Depression  11.7% 0.2 14.5% 0.4 10.8% 0.2 <.0001

Elective admission  11.8% 0.3 7.3% 0.4 13.2% 0.3 <.0001
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by pain, uncertainty about diagnosis, hospitalization duration, 
or timing of necessary diagnostic tests and procedures for all 
individuals with IE, during this period, individuals who inject 
drugs, such as opioids or stimulants, may experience severe 
withdrawal symptoms and cravings that can drive AMA dis-
charges [8–11, 14]. In particular, prompt and effective manage-
ment of opioid withdrawal with methadone or buprenorphine 
can control opioid withdrawal symptoms. An additional down-
stream benefit is that after these medications are initiated in the 
hospital, they can be continued with linkage to outpatient care 
[26]. Among individuals with infectious complications from 
injection drug use, medications for opioid use disorder are not 
routinely offered, although they may facilitate completion of 
treatments, improve transitions of care, and reduce readmis-
sions and overdose [27–29]. Appropriate withdrawal manage-
ment early in the hospitalization may reduce AMA discharges 
for patients with IDU-IE, as demonstrated among people with 
human immunodeficiency virus who inject drugs [30, 31]. 

Further, experiences of stigma or poor health literacy may con-
tribute to AMA discharges [11]. Additional strategies to mit-
igate this outcome include expanding trauma-informed care, 
linkages, and follow-up with culturally and linguistically com-
petent peers, in-hospital harm reduction services, and treat-
ment of nicotine withdrawal [10, 11, 30, 32, 33]. Hospital-based 
harm reduction including syringe distribution and supervised 
injection were acceptable to hospitalized patients who inject 
drugs, but it is not yet known if these approaches improve out-
comes, including AMA discharge [34, 35].

Our study identified several characteristics that were asso-
ciated with AMA for both IDU-IE and non-IDU-IE. Among 
both IDU and non-IDU-IE, those with more comorbidities or 
who received cardiac surgery were less likely to have AMA dis-
charges, perhaps because they lacked the physical capacity to 
leave. Moreover, receipt of cardiac surgery may be a marker 
of disease severity and adherence with hospital and treatment 
team expectations. Younger age, being from low income ZIP 

Figure 1.  Proportion of injection drug use and non-injection drug use-associated infective endocarditis discharges resulting in against medical advice discharge by quarter, 
1 January 2010, to 31 August 2015. Abbreviations: AMA, against medical advice; IDU, injection drug use.

Full Cohort IDU Non-IDU P Valuea

  n = 30 892  n = 7259  n = 23 633   

  Weighted n = 153 616 SEb Weighted n = 36 133 SE Weighted n = 117 482 SE  

CT surgery  12.6% 0.3 11.8% 0.4 12.9% 0.3 .0244

LOS, d  14.0 0.1 16.0 0.2 13.4 0.2 <.0001

Died during hospitalizationf  9.4% 0.2 7.9% 0.3 9.9% 0.2 <.0001

Abbreviations: AMA, against medical advice; CT, cardiothoracic; IDU, injection drug use; SE, standard error.
aIDU vs non-IDU; all variables compared using chi-squared analysis except modified Elixhauser, which was compared using a t test.
bStandard error is calculated from weighted sample.
cPercentages reported are estimates for all US hospitalizations based on sample weights.
dOrdered from lowest income quartile to highest income quartile.
eElixhauser score contains 30 components weighted equally and is used to adjust for inpatient comorbidities. We included 26 of these components in the modified Elixhauser. We separated 
psychoses, depression, and alcohol and drug use because these conditions have been previously associated with AMA discharge and IDU. We excluded measures of drug use overlapping 
with our IDU measure, and included measures for cannabis and sedative use separately.
fDeath data were missing for 1 individual. Percentage is based on a denominator of 30 891 hospitalizations.

Table 1.  Continued
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Table 2.  Multivariable Logistic Regression Models with Discharge Against Medical Advice as Outcome for All Infective Endocarditis and Stratified by 
Injection Drug Use

Full Cohort n = 30 892 
Weighted n = 153 616

IDU n = 7259 
Weighted n = 36 133

Non-IDU n = 23 633 
Weighted n = 117 482

  Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)

IDU  3.92 (3.43–4.48) N/A N/A

Time  1.10 (1.06–1.15) 1.12 (1.07–1.18) 1.06 (1.00–1.13)

Age, y     

 18–24 3.34 (2.60–4.31) 3.02 (2.10–4.34) 2.94 (1.85–4.67)

 25–34 3.33 (2.71–4.10) 2.87 (2.08–3.95) 4.01 (2.97–5.40)

 35–44 2.54 (2.05–3.14) 2.31 (1.66–3.21) 2.65 (1.98–3.54)

 45–55 1.62 (1.32–1.99) 1.61 (1.16–1.41) 1.56 (1.18–2.06)

 56–65 Ref Ref Ref

Female  1.00 (.89–1.13) 1.21 (1.04–1.41) 0.71 (.58–.87)

Race/ethnicitya     

 White Ref Ref Ref

 Black 1.16 (.98–1.38) 1.13 (.89–1.45) 1.17 (.92–1.50)

 Hispanic 1.07 (.88–1.30) 1.32 (1.03–1.69) 0.76 (.53–1.09)

 Asian 0.39 (.17–.86) 0.59 (.18–1.94) 0.27 (.09–.86)

 Native American 0.65 (.30–1.44) 1.01 (.42–2.46) <0.001 (<.001–<.001)

 Other 1.09 (.72–1.66) 0.99 (.62–1.59) 1.21 (.69–2.14)

Payor     

 Medicare 0.77 (.65–.92) 0.75 (.58–.96) 0.75 (.58–.98)

 Medicaid Ref Ref Ref

 Commercial 0.44 (.36–.54) 0.57 (.44–.74) 0.35 (.26–.47)

 Self 1.39 (1.18–1.65) 1.37 (1.13–1.66) 1.44 (1.06–1.95)

 No charge 1.31 (.90–1.92) 1.24 (.79–1.94) 1.61 (.81–3.19)

 Other 0.73 (.52–1.02) 0.70 (.46–1.05) 0.79 (.47–1.33)

ZIP code income quartile     

 Quartile 1 1.57 (1.28–1.92) 1.56 (1.21–1.99) 1.57 (1.11–2.42)

 Quartile 2 1.25 (1.01–1.55) 1.24 (.96–1.60) 1.25 (.87–1.81)

 Quartile 3 1.22 (.98–1.51) 1.16 (.89–1.52) 1.30 (.91–1.87)

 Quartile 4 Ref Ref Ref

Hospital region     

 Northeast Ref Ref Ref

 Midwest 0.74 (.61–.91) 0.81 (.63–1.04) 0.62 (.44–.87)

 South 0.63 (.53–.75) 0.60 (.48–.75) 0.69 (.53–.89)

 West 0.93 (.77–1.12) 0.84 (.67–1.06) 1.13 (.83–1.54)

Hospital location/teaching status     

 Rural Ref Ref Ref

 Urban, nonteaching 1.20 (.93–1.56) 1.12 (.82–1.53) 1.38 (.91–2.09)

 Urban, teaching 0.95 (.74–1.22) 0.91 (.67–1.24) 1.03 (.69–1.55)

Hospital bed size     

 Small Ref Ref Ref

 Medium 0.84 (.70–1.02) 0.96 (.76–1.22) 0.68 (.50–.92)

 Large 0.70 (.59– .83) 0.76 (.61–.94) 0.61 (.47–.80)

Modified Elixhauser scoreb     

 0 Ref Ref Ref

 1–2 0.61 (.47–.78) 0.71 (.53–.95) 0.40 (.26–.60)

 3–4 0.39 (.30–.51) 0.41 (.30–.55) 0.33 (.22–.51)

 ≥5 0.33 (.25–.42) 0.31 (.23–.44) 0.30 (.20–.46)

Alcohol  1.11 (.91–1.35) 0.92 (.73–1.16) 1.61 (1.16–2.24)

Cannabis  1.37 (1.07–1.74) 1.26 (.96–1.65) 2.0 (1.20–3.33) 

Sedative  0.94 (.58–1.52) 1.05 (.64–1.71) 1.27 (.13–12.37)

Psychoses  1.28 (1.07–1.54) 0.96 (.59–1.56) 1.78 (1.28–2.47)

Depression  1.03 (.87–1.22) 0.97 (.79–1.18) 1.14 (.85–1.54)
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codes, and being uninsured or insured by Medicaid were all as-
sociated with increased AMA discharges. These patients may 
also benefit from previously studied approaches including im-
proved health care communication and integrated treatment 
teams linked to outpatient providers, especially early in the hos-
pitalization when AMA discharges are concentrated [30].

Although the factors associated with the AMA discharge among 
non-IDU-IE largely parallel those of IDU-IE, gender is 1 exception. 
Women with non-IDU-IE have 29% lower odds of leaving AMA 
than men, whereas women with IDU-IE have 21% increased odds 
of AMA discharge. Higher rates of AMA discharge among women 
with IDU-IE may be related to high rates of trauma, polysubstance 
use, and comorbid psychiatric diseases [36]. Additionally, because 
those with IDU-IE are younger, they may have additional childcare, 
family, or other competing priorities compared with older women 
without IDU. Further research is needed to understand these differ-
ences and determine if targeted interventions focused on childcare 
or custody concerns would be beneficial.

The odds of AMA discharge increased 12% per year 
for IDU-IE and 6% for non-IDU-IE when adjusting for 
covariates. There are several possible explanations, which 
we were unable to fully explore with these administrative 
data. For those with IDU-IE, first, efforts to limit opioid 
analgesia in the hospital may have resulted in reluctance to 
treat pain or withdrawal symptoms among individuals with 
OUD [37]. Second, patients with IDU-IE in the later years 
of the study may be more likely to use multiple substances, 
including methamphetamine or cocaine, whose stimulating 
effects could contribute to AMA discharge [9, 38]. Third, 
fentanyl, a shorter acting and potent synthetic opioid, en-
tered the heroin supply in certain regions in 2013 [39]. 
Although this may not fully explain these changes, rapid 
opioid withdrawal and need for more frequent opioid injec-
tions may increase risk for AMA discharge [40].

Several other factors that contributed to the rise in AMA dis-
charges may be relevant for both those with IDU-IE and non-
IDU-IE. First, it is not known if hospitals and clinicians have 
changed their likelihood to assign AMA discharges to patients, 
either by creating limits on time a patient may leave the hospital 
floor or less flexibility in negotiating discharge plans because 
inpatient providers care for a greater number and higher acuity 

patients in systems focused on patient throughput. Second, pa-
tients with both IDU and non-IDU-IE increasingly have lower 
socioeconomic status [16], and lower health literacy or en-
gagement may have contributed to secular increases in AMA 
discharges.

This study contributes to improved understanding of IE hospi-
talization and discharge. First, this study is representative of almost 
all US IE hospitalizations over more than 5 years. Second, we in-
cluded separate models for IDU-IE, non-IDU-IE, as well as all IE 
hospitalizations, allowing detailed comparisons of factors associ-
ated with AMA discharge among different groups. Based on these 
findings, we further explored trends by gender. Third, we included 
several patient and hospital covariates to adjust for potential con-
founding and included measurements for length of stay.

This observational study has several limitations. As has 
been previously described, attribution of IDU status to IE in 
this cohort is imperfect despite using a validated algorithm 
[16, 20]. Because coding for opioid use disorder increased 
with the implementation of ICD-10, we excluded quarter 
4 2015 when ICD-9 transitioned to ICD-10 [17]. Second, 
though we included the Elixhauser score to control for in-
creased comorbidities, granular clinical management for ei-
ther IE or OUD were not available. Third, we are unable to 
account for changes in hospital policies about what consti-
tutes an AMA discharge or the likelihood of a clinician to as-
sign AMA status to a discharge. Fourth, because our data are 
only at the inpatient hospitalization level, we were unable to 
observe an individual’s subsequent clinical course following 
AMA discharge, including postdischarge death or total cost 
of care. Additional hospitalizations may be included in the 
sample, but were not linked at the individual level. Fifth, we 
were limited by the data in NIS. For example, information 
about an individual’s caregiving responsibilities or access 
to substance use treatment in the hospital is not included. 
Further, approximately 15% of IE hospitalizations eligible for 
study inclusion had missing data and thus were excluded from 
the analytic sample. Finally, these results may not be gener-
alizable to those with prosthetic valves which are difficult to 
identify in NIS using diagnostic codes in administrative data.

Our results have important implications for clinicians, re-
searchers, hospitals, and policy makers seeking to improve 

Full Cohort n = 30 892 
Weighted n = 153 616

IDU n = 7259 
Weighted n = 36 133

Non-IDU n = 23 633 
Weighted n = 117 482

  Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)

Elective  0.59 (.46–.76) 0.58 (.42–.80) 0.63 (.43–.91)

CT surgery  0.20 (.14–.27) 0.23 (.16–.33) 0.14 (.08–.28)

Abbreviations: AMA, against medical advice; CI, confidence interval; CT, cardiothoracic; IDU, injection drug use; N/A, not available; OR, odds ratio.
aIn the National Inpatient Sample, hospitalized individuals are categorized by Hispanic ethnic exclusive of other racial categories.
bElixhauser score contains 30 components weighted equally and is used to adjust for inpatient comorbidities. We included 26 of these components in the modified Elixhauser. We separated 
drug use, psychoses, depression, and alcohol use because these conditions have been previously associated with AMA discharge and IDU status.

Table 2.  Continued
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care for individuals with IE. Amid rising IE cases and AMA 
discharges, our results identify potential opportunities to im-
prove IE care especially early in the hospitalization (eg, treat-
ment of opioid withdrawal) and reduce disparities among 
women, young people, and socioeconomically disadvantaged 
individuals.

CONCLUSIONS

In a nationally representative sample of IE admissions, IDU 
status was highly associated with AMA discharge. Because 
AMA discharges cluster early in the hospitalization, aggressive 
withdrawal management, especially for opioids, may mitigate 

these adverse events. Further efforts are also needed to reduce 
socioeconomic and gender disparities in AMA discharges.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
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