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Background.  The incidence of infective endocarditis, a serious heart infection that can result from injection drug use, has in-
creased in step with the opioid epidemic. Harm reduction services aimed at decreasing infectious complications of injection drug use 
are limited in rural areas; however, it is unknown whether the burden of opioid use–associated infective endocarditis varies between 
rural and urban populations.

Methods.  We used 2003–2016 National (Nationwide) Inpatient Sample data and joinpoint regression to compare trends in hos-
pitalization for opioid use–associated infective endocarditis between rural and urban populations.

Results.  Rates of US hospitalizations for opioid use–associated infective endocarditis increased from 0.28 to 3.86 per 100 000 
rural residents, as compared with 1.26 to 3.49 for urban residents (overall difference in annual percent change P < .01). We ob-
served 2 distinct trend periods, with a period of little change between 2003 and 2009/2010 (annual percent change, 0.0% rural vs 
–0.08% urban) followed by a large increase in hospitalization rates between 2009/2010 and 2016 (annual percent change, 0.35% rural 
vs 0.36% urban). Over the study period, opioid use–associated infective endocarditis hospitalizations shifted toward younger age 
groups for both rural and urban residents, and rural resident hospitalizations increasingly occurred at urban teaching hospitals. For 
both groups, Medicaid was the most common payer.

Conclusions.  The increase in US hospitalizations for opioid use–associated infective endocarditis over the past decade supports 
the importance of public health efforts to reduce injection-related infections in both urban and rural areas. Future studies should 
examine factors affecting the higher increase in rate of these hospitalizations in rural areas.

Keywords.   harm reduction; injection drug use; infective endocarditis; opioid use disorder; rural health.

Hospitalizations for injection drug use–associated infective en-
docarditis have increased over the past decade in the United 
States [1, 2]. People who inject drugs are at increased risk of 
developing infective endocarditis and other blood-borne in-
fections, particularly when using unsafe injection practices (eg, 
licking needles, injecting through unclean skin). Thus, in addi-
tion to decreasing opioid use through prevention and compre-
hensive treatment programs, harm reduction strategies such as 
education and provision of sterile supplies are critical for re-
ducing infective endocarditis among persons who inject drugs.

In the United States, opioid use disorder treatment providers 
and syringe site programs offering harm reduction services are 

more often located in urban areas [3, 4], meaning rural persons 
who inject drugs must travel greater distances to access these 
services [5]. Given the relative inaccessibility of these resources 
in rural areas, we hypothesized that hospitalizations for opioid 
use–associated infective endocarditis have increased at a greater 
rate for persons living in rural vs urban areas during the recent 
opioid epidemic in the United States.

METHODS

Study Population

We used the National (Nationwide) Inpatient Sample, devel-
oped for the Healthcare Cost and Utilization Project, Agency 
for Healthcare Research and Quality, to estimate hospitaliza-
tion rates for opioid use–associated infective endocarditis by 
rural–urban residency status between 2003 and 2016 [6]. These 
data are a nationally representative sample of all hospital dis-
charge records from US community hospitals (2012–2016) and, 
for data before 2012, a nationally representative sample of all 
US community hospitals from which discharge records were 
retained. We used annual census-based rural and urban pop-
ulation denominators [7] to calculate rates of hospitalizations 
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per 100 000 residents. The Maine Medical Center Institutional 
Review Board determined that this study was not human 
subjects research.

Assessment of Opioid Use–Associated Infective Endocarditis

We used prior research studies to compile code lists of 
International Classification of Diseases, Clinical Modification 
(ICD-CM), diagnosis codes for opioid use (ie, abuse, depend-
ence, adverse effects, poisoning from opioids, or unspecified 
use) [8] and infective endocarditis (Supplementary Table 1) [1]. 
We focused on opioid use because it is strongly associated with 
injection drug use, and no ICD-CM diagnosis codes identify 
drug use by mode of administration. We excluded opioid pois-
onings due to intentional injury because we considered them 
unlikely to result in infective endocarditis. We used the Centers 
for Medicare and Medicaid Services’ General Equivalence 
Mappings to verify that ICD-9-CM codes mapped to ICD-
10-CM codes, as our analysis spanned the ICD-CM-9/10 tran-
sition (October 1, 2015) [9]. Only hospitalizations with at least 
1 diagnosis code for both opioid use and infective endocarditis 
were classified as opioid use–associated infective endocarditis.

Assessment of Rurality

Rurality of patient residence was determined at the county level 
in the National (Nationwide) Inpatient Sample using 2 classi-
fication schemes. For 2003–2006, the 4-level Urban Influence 
Codes were used, and starting in 2007, the 6-level National 
Center for Health Statistics Classification Scheme was used 
(versions released in 2005 and 2014). We defined urban coun-
ties as central or fringe large metro areas with a population ≥1 
million people and rural counties as micropolitan (centered 
around a city of 10 000 to 50 000 people) or noncore counties; 
these urban and rural levels were identified equivalently in each 
classification scheme. We excluded residents living in suburban 
counties (27.5% of total hospital discharges for opioid use–as-
sociated infective endocarditis) from our analysis; however, we 
conducted a standalone post hoc analysis of this group for ex-
ploratory purposes.

Data Analysis

We estimated trends in opioid use–associated infective endo-
carditis hospitalizations by rural–urban status between 2003 
and 2016. We also compared demographics, hospital character-
istics, and hospital outcomes between rural and urban opioid 
use–associated infective endocarditis hospitalizations. Total 
hospital charges were adjusted for inflation [10, 11].

We used survey procedures to account for the complex survey 
design and trend weights to correct for changes in the National 
(Nationwide) Inpatient Sample sampling design [12]. We com-
pared proportions using Rao Scott chi-square tests and mean 
values using linear regression. We used Joinpoint regression 
software with Monte Carlo permutation models to determine 

when there was a significant change in the slope of the trend line 
and to calculate the annual percent change estimates for each 
segment. A  test for parallelism compared the overall slope of 
the trend lines between rural and urban residents. We used SAS 
EG, version 7.15 (SAS Institute, Cary, NC, USA), and Joinpoint 
Regression Software (4.7.0, National Cancer Institute).

RESULTS

Between 2003 and 2016, there were 42 801 hospitalizations of 
rural (unweighted n = 1541) and urban (unweighted n = 7191) 
patients for opioid use–associated infective endocarditis in 
the United States. For both rural and urban residents, opioid 
use–associated infective endocarditis hospitalizations shifted 
toward younger age groups over the study interval, with the 
mean age of rural hospitalizations decreasing from 43.5 years 
to 36.6 years (P < .0001) and the mean age of urban hospital-
izations decreasing from 41.3  years to 38.8  years (P < .0001) 
(Table  1). The percentage of female hospitalizations did not 
change over the study period for rural (P = .31) or urban resi-
dents (P = .90). Over the course of the study, the distribution 
of race/ethnicity changed for urban residents, with persons of 
non-Hispanic white race/ethnicity making up a greater per-
centage of urban hospitalizations (52.6% in 2003–2007 vs 73.7% 
in 2012–2016; P < .0001). The distribution of race/ethnicity did 
not change over time for rural hospitalizations (P = .20). Over 
the course of the study period, the distribution of income quar-
tile (defined using the median household income of residents in 
the patient’s ZIP code) changed for urban residents hospitalized 
for opioid use–associated infective endocarditis (P < .0001), 
with 43% of urban resident hospitalizations in the lowest in-
come quartile in 2003–2007 vs 33.1% in 2012–2016. In con-
trast, rural resident hospitalizations were increasingly likely to 
be in the lowest income quartile over the study period (53.0% 
in 2003–2007 vs 58.3% in 2012–2016), although this trend did 
not reach statistical significance (P = .17). Overall, Medicaid 
was the most common payer for both urban and rural resident 
hospitalizations.

The type of hospitals where opioid use–associated infective 
endocarditis hospitalizations occurred also changed over the 
study period. The distribution of hospital type changed for 
rural (P = .0001) but not urban residents (P = .49), with the 
percentage of rural residents hospitalized at urban teaching 
hospitals increasing by 62% over the study period (from 31.1% 
to 50.5%). Nearly all urban residents were hospitalized at urban 
hospitals over the study period. An increasing percentage of 
rural hospitalizations for opioid use–associated infective endo-
carditis occurred in the South (41.6% in 2003–2007 vs 49.4% 
in 2012–2016); however, these changes in regional distribution 
did not reach statistical significance (P = .22). The regional dis-
tribution of hospitalizations of urban residents did not change 
over the study period (P = .45). Additionally, rural resident 
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hospitalizations were more likely than urban ones to be the re-
sult of a transfer from another facility (eg, 2012–2016 transfers: 
rural 38.2%, urban 15.5%; P < .0001).

Between 2003 and 2016, rates of hospitalization for opioid 
use–associated infective endocarditis increased from 0.28 to 
3.86 per 100 000 among rural residents compared with 1.26 
to 3.49 per 100 000 for urban residents. Joinpoint regression 
identified the years 2009 and 2010 as the start of a significant 

change in slope for rural and urban residents, respectively. For 
the 2003–2009/2010 time segment, the annual percent change 
for rural residents was 0.0%, whereas the annual percent change 
for urban residents slightly decreased (–0.08%); the annual per-
cent change estimates for rural and urban residents were similar 
for the 2009/2010–2016 time segment slope (0.35% vs 0.36%) 
(Figure 1). Overall, the increase in annual percent change was 
higher for rural vs urban residents (P < .01).

Table 1.  Characteristics of 8732 Hospitalizations for Opioid Use–Associated Infective Endocarditis, 2003–2016 National Inpatient Sample, Weighted %

2003–2007 2008–2011 2012–2016 Pa

 Urban Rural Urban Rural Urban Rural Urban Rural

Unweighted discharges 1999 187 1333 245 3859 1109 - -

Weighted discharges 9494 902 6397 1168 19 295 5545 - -

Mean age, y 41.3 43.5 42.9 43.3 38.8 36.6 <.0001 <.0001

Age categories       <.0001 <.0001

≤25 y 9.9 12.1 12.8 15.4 16.5 18.4   

26–35 y 23.6 28.0 26.9 28.8 35.3 39.1   

36–45 y 30.5 28.2 22.2 18.5 18.6 20.6   

46–55 y 26.5 12.8 22.2 21.9 16.1 11.5   

56–65 y 6.3 5.2 11.1 8.5 8.7 6.3   

≥66 y 3.2 13.6 4.8 6.9 4.8 4.1   

Sexb       .90 .31

Male 52.2 50.6 55.2 48.8 52.4 46.3   

Female 47.8 49.4 44.7 51.2 47.6 53.7   

Race/ethnicityb       <.0001 .20

White 52.6 87.6 62.8 89.2 73.7 91.3   

Black 30.2 6.1 21.6 4.1 13.2 2.1   

Hispanic 12.6 3.0 11.7 3.9 9.6 2.7   

Asian/Pacific Islander 0.4 0.8 0.4 0.9 0.6 0.6   

Native American 0.3 1.7 0.2 0 0.5 2.3   

Other 3.9 0.8 3.3 1.9 2.6 1.0   

Payerb       <.0001 .0001

Medicare 11.3 22.8 15.0 22.1 14.3 15.8   

Medicaid 43.4 38.9 43.4 36.4 52.7 52.9   

Private insurance 14.4 12.7 13.0 11.8 14.1 10.8   

Self-pay 21.5 15.7 20.4 20.0 13.8 16.4   

No charge 2.9 0.5 2.3 4.0 1.8 1.2   

Other 6.5 9.4 5.8 5.8 3.4 3.0   

Income quartile       <.0001 .17

1 (lowest income) 43.0 53.0 36.6 54.9 33.1 58.3   

2 22.0 32.2 19.5 34.2 21.0 31.7   

3 18.8 11.5 25.1 9.5 23.4 8.7   

4 (highest income) 16.2 3.3 18.9 1.4 22.5 1.3   

Type of hospital       .49 .0001

Rural 0.3 55.5 0.2 54.0 0.1 37.6   

Urban nonteaching 24.8 13.4 32.8 12.6 23.7 11.9   

Urban teaching 74.9 31.1 67.0 33.4 76.2 50.5   

Hospital region       .45 .22

Northeast 32.8 17.9 27.8 7.6 28.5 12.2   

Midwest 15.7 20.8 17.2 19.9 16.9 22.1   

South 30.3 41.6 31.6 51.3 30.3 49.4   

West 21.2 19.8 23.4 21.3 24.3 16.3   

Transferred in from another hospital/facilityc - - 10.8 22.3 15.5 38.2 - -

aFor comparison of 2003–2007 vs 2012–2016 data.
bMay not sum to 100 due to rounding.
cBetween 2008, when data on this variable were first obtained, and 2016.
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Total charges, length of stay, and number of procedures for 
opioid use–associated infective endocarditis hospitalizations 
are shown in Table 2. Total charges increased for hospitaliza-
tions of both urban and rural residents between 2003 and 2016, 
and they were 23% higher for urban vs rural hospitalizations 
in 2012–2016 (P < .0001). The mean number of procedures in-
creased slightly over the study period, from 3.1 to 3.6 for urban 
residents (P = .0005) and 3.0 to 3.3 for rural residents (P = .26). 
The mean length of hospitalization increased by 4% (15.1 to 
15.7 days; P = .27) for urban patients and 18% for rural patients 
(13.3 to 15.7  days; P = .09), although neither change reached 
statistical significance. In 2012–2016, most discharges were to 
home or another facility. In 2012–2016, the distribution of dis-
charge dispositions varied between rural and urban hospital-
izations (P = .0001), with urban hospitalizations more likely to 
result in a patient-directed discharge (ie, against medical advice; 
17.1% vs 11.7%) and less likely to be discharged home (37.4% 
vs 43.7%) than rural hospitalizations. Overall, the percentages 
of in-hospital deaths were high (range, 3.8–8.0%) but appeared 
to decrease over time for both urban (P < .0001) and rural resi-
dents (P = .21).

The rate of hospitalization for opioid use–associated endo-
carditis for suburban residents, analyzed in an exploratory post 
hoc analysis, was 0.52 per 100 000 residents in 2003 and 3.88 per 
100 000 residents in 2016 (Supplementary Figure 1). The annual 
percent change was 0.0% between 2003 and 2011, at which point 
a change in slope was detected; the annual percent change was 
0.51% from 2011 to 2016. Among suburban residents, the mean 
age of those hospitalized for opioid use–associated endocarditis 
decreased slightly during the study period, from 40.0 years in 
2003–2007 to 37.2 years in 2012–2016 (P = .002) (Supplemental 

Table 2). The percentage of hospitalizations among suburban 
residents who were female (P = .03), white (P < .0001), had 
their hospitalization paid for by Medicaid (P < .0001), and re-
ceived care in the South (P < .0001) increased between 2003 
and 2016. The distribution of discharge dispositions varied be-
tween 2003 and 2016 (P = .01); the percentage of in-hospital 
deaths appeared to decrease slightly, from 7.2% in 2003–2007 to 
6.3% in 2012–2016 (Supplementary Table 3).

DISCUSSION

Using nationally representative data on US hospital discharges 
between 2003 and 2016, we observed an annual percent 
increase in opioid use–associated infective endocarditis hos-
pitalizations for both rural and urban residents, with a slightly 
greater overall annual percent increase observed for rural vs 
urban residents. Between 2003 and 2009/2010, urban residents 
had a lower annual percent increase relative to rural residents; 
the annual percent increases between 2009/2010 and 2016 
were nearly identical. Previous investigations of opioid use–
associated infective endocarditis and rurality were limited by 
the use of small convenience samples and aggregated data. 
Among infective endocarditis patients receiving care at a ter-
tiary care hospital in North Carolina between 2009 and 2014, 
patients with documented injection drug use were 2.4 times as 
likely to be from a rural county as patients without injection 
drug use [13]; however, no association between residing in a 
rural county and injection drug use–associated infective en-
docarditis was observed at hospitals in Virginia (2000–2016) 
[14] or Portland, Maine (2013–2016) [15]. Our study is the 
first to characterize rural–urban differences in opioid use–as-
sociated infective endocarditis hospitalization rate trends na-
tionally. The annual percent increase for suburban residents 
also increased.

Our study also highlights several recent trends in the demo-
graphic characteristics of patients hospitalized with opioid use–
associated infective endocarditis. Between 2003 and 2016, rural 
residents hospitalized with opioid use–associated infective en-
docarditis were increasingly more likely to be white, to be low 
income, and to receive care at urban hospitals, consistent with 
national trends for overall heroin overdose–associated hospi-
talizations [16]. We observed an increase, albeit non–statisti-
cally significant, in the proportion of rural hospitalizations for 
opioid use–associated infective endocarditis occurring in the 
South, similar to what has been reported for incident HIV [17], 
for which unsafe injection practice is also a major risk factor. 
A high proportion of opioid use–associated infective endocar-
ditis occurring in this region may be related to the relative lack 
of harm reduction services, increased stigma, and poor regional 
uptake of Medicaid expansion through the Affordable Care Act 
[18], which likely further limits health care accessibility and af-
fordability of substance use treatment programs.
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Figure 1.  Rates of hospitalization for injection drug use–associated infective en-
docarditis for patients by rural–urban status of location of residence, 2003–2016. 
Error bars represent 95% confidence intervals for observed annual rates. Trend 
lines (rural, solid line; urban, dashed line) represent regression estimates for trend 
periods, as determined using joinpoint regression. aUrban vs rural (overall), P < .01. 
bRate estimates for 2016 overlap. Abbreviation: APC, annual percent change; ICD, 
International Classification of Diseases.
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Hospitalizations for opioid use–associated infective endocar-
ditis doubled in cost between 2003 and 2016, a relatively modest 
increase compared with the near quadrupling of inpatient 
charges for overall opioid abuse/dependence hospitalizations 
with and without serious infections observed between 2002 and 
2012 [19]. The observed increase in inpatient charges likely re-
sults from increasing costs for identical care and greater use of 
resources [19], rather than a change in typical length of stay or 
number of procedures, which increased only slightly over the 
study period. The higher cost of hospitalizations of urban vs 
rural residents could also be attributed to differences in charges 
between rural and urban hospitals.

Our study has several limitations. The National (Nationwide) 
Inpatient Sample does not allow for identification of unique 
patients; however, the high percentage of rural patients trans-
ferred from another hospital or emergency department (eg, 
2012–2016, 38.2%) suggests that rural residents might be more 
likely to have multiple hospitalizations for opioid use–associ-
ated infective endocarditis represented in the data. However, 
we did not observe a difference in the percentage of rural vs 
urban patients transferred to another facility, which would 
not support this hypothesis. We used opioid use ICD codes 
to identify hospitalizations with opioid use–associated infec-
tive endocarditis, and it is possible that some hospitalizations 
were misclassified with respect to opioid use, but the direction 
of this misclassification and differences by rural–urban status 
are unknown. Further, by only examining opioid use–associ-
ated infective endocarditis, we missed infective endocarditis 
hospitalizations associated with other nonopioid drug use 
(eg, cocaine, methamphetamines). Finally, although we cross-
walked ICD-9-CM and ICD-10-CM codes using the Centers 
for Medicare and Medicaid Services’ General Equivalence 
Mappings, the ICD-9-CM /ICD-10-CM transition may have 
created a spurious jump in opioid use–associated infective en-
docarditis hospitalizations, similar to what has been observed 
for all overall opioid-related hospitalizations [8]; however, we 
do not expect that this would vary between rural and urban 
populations.

Increasing rates of hospitalizations for opioid use–associated 
endocarditis, a costly disease with high mortality, call for ded-
icated public heath efforts to support harm reduction and re-
covery, including expansion of syringe site programs and access 
to treatment providers, which have been shown to reduce in-
fections related to injection drug use [20, 21]. Programs suited 
for rural communities, which may be particularly vulnerable, 
include mobile sites, distribution networks, community out-
reach, and telemedicine [22]. Future studies should investi-
gate whether factors affecting opioid use–associated infective 
endocarditis hospitalizations in rural populations, such as ac-
cess to harm reduction services and treatment providers, are 
independent of those driving overall opioid use–associated 
hospitalizations.Ta
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Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility of 
the authors, so questions or comments should be addressed to the corre-
sponding author.
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