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Among a statewide cohort of 1874 patients surviving 
hospitalization for drug use–associated endocarditis during 
2017–2020, the 3-year risk of death or future hospitalization 
was 38% (16% for death before later infection, 14% for 
recurrent endocarditis, 14% for soft tissue, 9% for bacteremia, 
5% for bone/joint, and 4% for spinal infections).
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Injection drug use is associated with a spectrum of bacterial and 
fungal complications, ranging from mild skin and soft tissue in
fections (SSTIs) to severe infections, such as central nervous 
system (CNS) infections and infective endocarditis (IE) [1–4]. 
In recent years, these infections have been increasing among 
people who inject drugs. Given its severity, the rising incidence 
of drug use–associated IE (DUA-IE) has prompted particular 
concern [1, 5].

During initial hospitalization for DUA-IE, the mortality risk 
is high, reaching 10% in some geographic regions [5, 6]. 
Patients who survive a hospitalization for DUA-IE remain vul
nerable as many are discharged without receiving addiction 
care subsequently [7], and most lack access to trusted physi
cians [8]. Those continuing to inject drugs are at risk of addi
tional serious infections as well as death [9, 10]. Yet, the 
clinical trajectories following DUA-IE are not well described. 
Understanding long-term patterns in infection-related out
comes is important to inform interventions for infection 

prevention and harm reduction when treating patients for 
DUA-IE. Further, accounting for these infections can help pol
icymakers paint a more complete picture of the true toll of pre
ventable drug-related morbidity and mortality.

The objective of this analysis was to estimate the long-term 
incidence of hospitalization for serious infections among a 
large, statewide cohort of patients recovering from DUE-IE.

METHODS

Study Design

We conducted a retrospective cohort study of patients dis
charged from a DUA-IE hospitalization in North Carolina, 
United States. We began with all documented adult patients 
in the state with a DUA-IE hospitalization during 2016–2020 
(inclusion criteria codes provided in Supplementary Table 1). 
To minimize the potential of capturing recurrent DUA-IE 
hospitalizations, we excluded all patients with an initial 
DUA-IE hospitalization in 2016. Our final cohort included 
patients who had their first documented DUA-IE hospital dis
charge during 1 January 2017–30 September 2020 in North 
Carolina.

We estimated the long-term risk of the first incident infec
tion occurring after patients’ index (ie, initial) DUA-IE hos
pitalization. We chose to measure the first incidence infection 
following discharge, as opposed to measuring multiple 
events, to represent the total people who ever experience a 
subsequent infection. We did not measure multiple events 
per person. To avoid capturing unresolved infections related 
to the index hospitalization, we implemented a 89-day wash
out period, meaning that we restricted patients’ time at risk of 
incident infections to begin 90 days post-discharge from their 
index DUA-IE hospitalization. As a result, those who died 
within the first 89 days post-discharge were excluded from 
all analyses. We observed outcomes from the start of patients’ 
time at risk (ie, from 90 days after discharge) until whichever 
occurred first: an outcome of interest, death, completion of 
3 years of follow-up time, or the end of the observation period 
(ie, 31 December 2020). Among all patients with DUA-IE dis
charged, we excluded 199 who died within the 89-day wash
out period.

Data and Variable Definitions

Our data included North Carolina hospital discharges linked to 
death certificate data, provided by the North Carolina 
Healthcare Association. Individuals were linked based on the first 
3 characters of their first name, last name, and zip code, as well as 
the full date of birth and gender. This resulted in an individual- 
level dataset that included longitudinal hospitalization events 
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and mortality. The index DUA-IE discharge was determined by 
the presence of an International Classification of Diseases, 
Tenth Revision, Clinical Modification (ICD-10-CM), diagnosis 
code for IE and a code for illicit drug use or withdrawal, which 
is adapted from a validated approach [11].

Outcomes for later infection-related hospitalizations were 
defined using ICD-10-CM diagnosis codes for endocarditis, 
SSTI, bacteremia, CNS/spinal infections (defined as intracrani
al or epidural abscess, vertebral osteomyelitis or spinal septic 
arthritis), or bone/joint infections (all non-vertebral osteomye
litis and septic arthritis) (Supplementary Table 1). Additional 
outcomes included death (defined using either the date of death 
on a linked death certificate or date of discharge for those with a 
discharge status of expired) and valve surgery (using ICD-10 
procedure codes). International Classification of Diseases 
(ICD) code–based outcome definitions are based on prior re
search [3, 5, 12] and manual review. Among those who died 
during follow-up, we categorized their primary causes of death 
into the 113 categories used by the National Center for Health 
Statistics [13]. Of the deaths that did not classify into 1 of the 
113 categories, we manually reviewed their causes of death 
and classified them into whether or not they were related to en
docarditis or drug overdose.

Statistical Analysis

We conducted analyses using SAS version 9.4 (SAS Institute, 
Cary, NC). We used descriptive statistics (eg, percentages, me
dians) to examine study sample characteristics. We calculated 
incidences using Kaplan–Meier curves for the composite out
come of death or infection and death alone. We calculated cu
mulative incidences for each outcome using Aalen–Johansen 
estimators. For each infection outcomes, death was classified 
as a competing event. We estimated the cumulative incidences 
and report incidence proportions for the first instance of the 
outcome at each year of follow-up (1, 2, and 3 years). For those 

who died during follow-up, we tabulated the top 10 leading 
causes of death. While the main analysis used the 90-day wash
out period, we also conducted additional analyses without a 
washout period (ie, time started immediately at discharge) 
(Supplementary Tables 3 and 4).

Ethics Approval

This study (21-3295) was approved by the University of North 
Carolina at Chapel Hill Institutional Review Board.

RESULTS

Among 1874 people with DUA-IE hospitalizations included 
in this study, 56% were female, 87% were White, and the 
median age was 34 years (interquartile range = 28–43 years) 
(Supplementary Table 2). Seventy-five percent had an opioid 
use diagnosis and 52% had a stimulant use diagnosis (not mu
tually exclusive). Most people were either uninsured (46%) or 
insured by Medicaid (31%).

Within the 3-year period, 38% of people met the composite 
outcome of either death or another hospitalization for a select
ed infection. In the 3 years following the initial 90 days after dis
charge, 16% of people died (Table 1). The risk of incident 
infection was highest in the first year of follow-up but contin
ued to rise over the total 3-year period. The 1-year, 2-year, 
and 3-year cumulative incidence of a subsequent hospitaliza
tion for a serious infection was 18%, 23%, and 29%, respectively 
(Table 1). The cumulative incidence of hospitalized infections 
varied by type. The 3-year cumulative incidences from highest 
to lowest were as follows: recurrent endocarditis (14%), SSTIs 
(14%), bacteremia (9%), bone/joint infections (5%), and spi
nal/CNS infections (4%). Among those with no prior cardiac 
valve surgery (n = 1611), 4% had cardiac surgery in the 3 years 
that followed. Of those who had surgery during their index hos
pitalization (n = 263), 10% had additional cardiac surgery. In 
the additional analysis, removing the 90-day washout period, 

Table 1. Incidence Proportions of Death, Infections, and Cardiac Surgery Among a Cohort of People Who Survived Drug Use–Associated Endocarditis

Outcome 1-Year Incidence, % (95% CI) 2-Year Incidence, % (95% CI) 3-Year Incidence, % (95% CI)

Death or any selected infection 22.6% (20.6%–24.7%) 30.7% (34.8%–41.4%) 38.1% (34.8%–31.3%)

Death 7.5% (6.3%–8.9%) 12.1% (10.4%–13.9%) 15.5% (13.2%–18.0%)

Any selected infection 17.5% (15.7%–19.4%) 23.4% (21.2%–25.7%) 28.6% (25.7%–31.5%)

Recurrent IE 8.3% (7.0%–9.7%) 11.1% (9.5%–12.9%) 14.1% (12.0%–16.4%)

Bacteremia 4.4% (3.5%–5.5%) 6.7% (5.4%–8.1%) 8.7% (6.9%–10.7%)

Bone/joint infections 2.4% (1.8%–3.3%) 3.5% (2.6%–4.5%) 4.8% (3.6%–6.4%)

CNS/spinal infections 2.4% (1.8%–3.2%) 3.5% (2.6%–4.6%) 4.4% (3.2%–5.9%)

Skin or soft tissue infections 7.9% (6.6%–9.2%) 11.3% (9.7%–13.1%) 14.1% (12.0%–16.3%)

Incident cardiac surgery

Had surgery at index DUA-IE 5.6% (3.1%–9.2%) 8.8% (5.3%–13.3%) 9.7% (5.9%–14.6%)

No surgery at index DUA-IE 2.4% (1.7%–3.3%) 3.3% (2.4%–4.4%) 4.1% (2.9%–5.7%)

N = 1874.  

Abbreviations: CI, confidence interval; CNS, central nervous system; DUA-IE, drug use–associated infective endocarditis; IE, infective endocarditis.
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the incidence of death or hospitalization for any severe infec
tion was 39%, 46%, and 53%, at 1, 2 ,and 3 years, respectively 
(Supplementary Table 3).

Of the 186 people who died after 90 days, the leading causes 
of death included accidental poisoning (ie, drug overdose), 
acute effects of endocarditis, and other forms of heart disease 
(Table 2). In total, 70 (38%) of the deaths were related to 
drug use and 22 (12%) were related to endocarditis. In the ad
ditional analysis, drug overdose remained the leading cause of 
death (Supplementary Table 4).

DISCUSSION

Among a cohort of patients who survived DUA-IE hospitaliza
tion, the long-term risk of both further serious infections requir
ing hospitalization and mortality was high. In addition to 
recurrent endocarditis, many patients were subsequently hospi
talized for other potentially severe bacterial or fungal infections 
such as CNS and spine infections. In the 3 years following their 
initial endocarditis hospitalization, over one-quarter of patients 
had a later hospitalization for a subsequent serious infection and 
16% died. Additionally, both overdose and infections were lead
ing causes of death among those who survived DUA-IE.

Our findings corroborate existing studies that have found 
high rates of mortality and recurrent IE among patients hospi
talized for DUA-IE [5, 6, 14]. For example, a smaller study from 
Canada reported that 32% of patients with DUA-IE experi
enced a second episode within up to 10 years of follow-up 
[14]. Although injection-related bacterial infections beyond 
IE have been increasingly documented in the United 
States [1], our study is the first to our knowledge that examines 

the incidence of other severe injection-related infections 
among DUA-IE survivors.

Our finding that people with DUA-IE are at high risk of an 
array of serious infections, many of which likely acquired 
through ongoing injection drug use, highlights the importance 
of engagement in outpatient care and infection-prevention 
strategies following DUA-IE to prevent new serious infections 
as well as drug overdose. Recent interventions to improve care 
among people hospitalized with endocarditis have shown 
promise, including approaches like harm-reduction education 
and access to medications for opioid use disorder [15, 16]. 
Future work can explore extending these programs for longer 
periods of follow-up. Nearly half of our study sample were un
insured; at the time of this study, Medicaid expansion was not 
present in North Carolina [17]. Given the high incidence in pa
tients with DUA-IE of subsequent hospitalizations for serious 
infections, improving insurance coverage in this population 
is critical to improve opportunities for preventive outpatient 
care, limit financial toxicity to patients related to expensive hos
pitalizations, and to offset costs to health systems.

Our study has several limitations. First, these data reflect pa
tients who had a documented diagnosis of both substance use 
and IE during their hospitalization. Given the inherent misclas
sification of diagnosis codes, this sample may miss others with 
DUA-IE or erroneously include those who would not otherwise 
meet the criteria. Additionally, it is possible that serious infec
tions are undercounted for those who died of an infection but 
were not hospitalized for that infection. Although not a limita
tion per se, we note that our estimates focus on patients’ first 
incident infection post–DUA-IE discharge and therefore do 
not reflect the entirety of patients’ cumulative risk. Our study 
focused on a subset of bacterial and fungal-related infections, 
in which ICD-10-CM codes have been previously utilized in 
studies of people injecting drugs. To understand the burden 
of other serious infections that impact this population (eg, bac
teremia, acute hepatitis, disseminated sexually transmitted in
fections), additional studies would be beneficial. Finally, 
those with DUA-IE may represent a particularly high-risk pop
ulation of subsequent mortality, although this population is not 
necessarily generalizable to all people who inject drugs.

In conclusion, DUA-IE hospitalization presents an opportu
nity for service delivery and linkage to comprehensive health 
and social services for patients otherwise on a trajectory of 
high risk of serious infections and all-cause mortality. Public 
health interventions should focus on addressing ways to miti
gate infection risk for DUA-IE survivors.

Supplementary Data
Supplementary materials are available at Clinical 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 corresponding 
author.

Table 2. Top 10 Causes of Death Among People Who Died Within 3 Years 
of Follow-up

Primary Cause of Death
No. of Deaths (% of All 

Deaths)

Accidental poisoning and exposure to noxious 
substances

47 (25.3%)

Acute and subacute endocarditis 18 (9.7%)

All other forms of heart diseasea 17 (9.1%)

Septicemia 12 (6.5%)

Cerebrovascular diseases 7 (3.8%)

Acute rheumatic fever and chronic rheumatic heart 
diseases

4 (2.2%)

Renal failure 4 (2.2%)

All other forms of chronic ischemic heart diseasea 3 (1.6%)

Other and unspecified infectious and parasitic 
diseases and their sequelaea

3 (1.6%)

Other chronic liver disease and cirrhosisa 3 (1.6%)

All other diseasesa or not categorized

Related to drug use 23 (12.4%)

Related to endocarditis 4 (2.2%)

Other 13 (7.0%)

N = 186.  
a“Other” refers to other than those specified by the other 113 causes of death.
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