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People who inject drugs (PWID) experience significant injection-
related infections (IRIs) at significant healthcare system cost. This
study used and validated an algorithm based on the International
Classification of Diseases, Tenth Revision, to estimate hospitalized
PWID populations, assess the total statewide morbidity for IRIs
among PWID, and calculate associated costs of care.
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According to the Centers for Disease Control and Prevention,
opioid injection-related hospital admissions increased 622%
between 2004 and 2014 among people aged 18-29 years [1].
In addition to significant personal hardship for people who in-
ject drugs (PWID), infectious sequelae produce major expenses
for healthcare systems because many PWID are uninsured. An
analysis of people with diagnosed substance use disorder in
North Carolina found that hospital costs for these patients in-
creased from $1.1 million to $22.2 million between 2010 and
2015 [2]. A survey of English PWID revealed that nearly half
(47%) reported an emergency department visit in the prior year,
and of those, 78% were admitted as inpatients [3]. From this
survey, the authors estimated annual PWID-associated health-
care costs between £15.5 and £45 million ($17-$52 million) [3].

As a regional epicenter of the contemporary US opioid
crisis, Florida saw significant increases in opioid use and in-
jection drug use (IDU) sequelae, including preventable
overdoses and injection-related infections (IRIs), such as en-
docarditis and skin and soft-tissue infections (SSTIs) [3-6].
Tookes et al [7] estimated that the cost of PWID admissions
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at one Florida safety-net hospital amounted to $11.4 million
per year. However, the effects of preventable morbidity among
PWID are poorly understood on a statewide level in the United
States. Identifying and quantifying the epidemiological scope
and economic impact of IDU sequelae in Florida is essential for
informing policy strategies aimed at mitigating consequences.
The current study used data from Florida’s Agency for Health
Care Administration (AHCA) to quantify and describe hospi-
talizations related to IDU in Florida and the fiscal impacts of
these admissions.

METHODS

Study Design

We conducted a retrospective review of patients hospitalized
for IRIs in Florida from 1 July 2016 to 30 June 2017 (fiscal
year 2017) using the AHCA Hospital Inpatient Limited Data
Set from the Florida Center for Health Information and
Transparency. The AHCA disclaims responsibility for analysis,
interpretations, and conclusions.

Setting and Participants

The sample comprised 21 336 hospital admissions of PWID
in Florida during fiscal year 2017. We used an algorithm
(Supplementary Table 1) based on International Classification
of Diseases, Tenth Revision (ICD-10), codes for drug use and
sequelae to identify PWID populations and IRIs. The algo-
rithm based on these codes was externally evaluated against a
comparable algorithm (hospitalizations within a single year)
in the British Columbia Hepatitis Testers Cohort (BC-HTC),
similar to a validation study conducted in British Columbia,
Canada [8]. The BC-HTC algorithm has been used previ-
ously to validate US-based PWID healthcare services use data
[9-12]. We defined PWID as patients with an inpatient admis-
sion involving a drug use diagnosis (opioid, cocaine, ampheta-
mine, other psychoactive drugs, and/or overdose) and an IRI
diagnosis. IRIs included SSTIs, endocarditis, bacteremia/sepsis,
and osteomyelitis. Patients aged 18-75 years and length of stay
(LOS) < 60 days were included to increase algorithm specificity.
The data from this study were compared with the BC-HTC al-
gorithm during a restricted 12-month period (2014).

Analysis

Descriptive statistics were created for demographic informa-
tion (sex, race/ethnicity, insurance status), LOS, human im-
munodeficiency virus (HIV), and hepatitis C virus (HCV)
infection, discharge status, and IRIs. We reported continuous
variables with means and interquartile ranges (IQRs) and cate-
gorical variables with percentages and number per category. We
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represented total charges as sum, median charge, and IQR, cat-
egorized by insurance type, and we calculated total costs using
Medicaid cost-to-charge ratios reported by facilities to AHCA.

We used a multivariable linear regression to assess asso-
ciations between infection types and hospital charges and an
unstructured correlation matrix to account for within-hospital
correlations using a generalized estimating equation model. We
limited the data to total charges >$1800 and LOS >0 days and
adjusted the final data set for age, race/ethnicity, insurance type,
HIV status, and opioid use. All analyses were completed using
SAS software, version 9.4 (SAS Institute).

RESULTS

Demographics

The PWID identification algorithm had a sensitivity of 63% and
a specificity of 100% (Supplementary Table 2). A total of 21 336
admissions were identified. Owing to unavailability of cost-to-
charge ratios, the final sample analyzed included 20 001 PWID.
The majority of the sample were male (54%) and white (84%).
The median patient age was 44 years. More than half (53%) of
admissions involved bacteremia or sepsis (Table 1). The ma-
jority (80%) of admissions were discharged or transferred to a
lower level of care, psychiatric facility, or critical access hospital;
16% of the PWID population left against medical advice, and
4% died during hospitalization.

Hospitalization Charges

The median charge per admission was $58 869 (IQR, $29 696—
$124 882). Most charges were billed to federal insurance
($668 234 450), followed by state, county, and local insurers
($589 698 411). After accounting for each hospital’s cost-to-
charge ratio, the total fiscal year 2017 cost for injection-related
admissions totaled $379 788 291 (Table 2). Costs by county are
presented in Supplementary Table 3. After adjustment for age,
sex, race/ethnicity, insurance status, HIV infection, and opioid
use; of infectious sequelae analyzed, SSTIs were significantly as-
sociated with decreased mean hospital charges (—$6 454; 95%
confidence interval, —$12 601 to —$308). Bacteremia/sepsis
(mean charge, $66 645; 95% confidence interval, $60 119-
$73 172), endocarditis ($64 471; $54 359-$74 583), and os-
teomyelitis ($38 022; $31 730-$44 313) were significantly
associated with higher mean hospital charges (Supplementary
Table 4).

DISCUSSION

The societal and health system consequences of the opioid crisis
are largely estimated through indirect analyses, such as addic-
tion service provision and opioid-related mortality rates. The
BC-HTC algorithm has been used previously to validate HIV,
HCYV, and infective endocarditis data among PWID [8-10, 12].

Table1. Hospitalizations for Infection Among People Who Inject Drugs in
Florida (Fiscal Year 2017)

Characteristic PWID Admissions, No. (%)

Biological sex

Male 10 779 (54)
Female 9222 (46)
Ethnicity
Hispanic or Latinx 1608 (8)
Non-Hispanic or Non-Latinx 17 930 (90)
Unknown 299 (2)
Race
Black or African American 2281 (12)
White 16 694 (84)
Other 862 (4.4)
Age group
<29y 3377 (17)
30-39y 5071 (25)
40-49y 3910 (20)
50-59 y 4219 (21)
60-75y 3424 (17)
Age, median (IQR), y 44 (33-56)
Insurance status
Federal 5625 (28)
State, county, or local 5045 (25)
Uninsured 6632 (33)
Private insurance 2411 (12)
Other 124 (0.6)
LOS, median (IQR), d 5(3-12)
Infectious comorbid conditions
HIV 885 (4)
Hepatitis C 3748 (19)
Discharge status
Discharge or transferred 15913 (80)
Death 755 (4)
Left AMA 3169 (16)
Infection type®
Skin and soft tissue 9586 (48)
Osteomyelitis 2669 (14)
Bacteremia/sepsis 10 596 (53)
Endocarditis 1908 (10)

Abbreviations: AMA, against medical advice; HIV, human immunodeficiency virus; 1QR,
interquartile range; LOS, length of stay; PWID, people who inject drugs.

#Many admissions had >1 infection diagnosis coded per admission.

This is the first study of which we are aware that uses a valid-
ated ICD-10-based algorithm to assess statewide IRI-associated
hospital costs. The most comprehensive study to-date analyzed
the National Inpatient Sample, estimating the national cost of
PWID SSTI admissions to be $193.8 million in 2001 [13]. Our
findings suggest that IRI-associated costs to healthcare systems
are far greater than previously thought, implying that signifi-
cantly greater effort should be directed toward mitigating these
preventable infections. Increased understanding of the preva-
lence of IRI and associated costs can inform policy to improve
investment in and deployment of evidence-based harm reduc-
tion interventions, such as syringe service programs (SSPs),
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Table 2. Financial Impact of PWID Hospitalizations for Infections in Florida, Fiscal Year 2017

Total

Median IQR

Total Charges $2 110 786 677.00

$58 869.00 $29 696.00-$124 882.00

Total Cost $379 788 290.62

Insurance Status Total Charges Median IQR

Federal $668 234 450.00 $75 411.00 $39 534.00-$142 676.00
State, County, Local $589 698 411.00 $63 181.00 $32 433.00-$137 360.00
Uninsured $537 206 811.00 $42 48750 $22 99750-$89 714.50
Private Insurance $299 770 362.00 $64 91700 $32 655.00-$146 101.00

Abbreviation: IQR, interquartile range.

safe injection sites, linkage to HIV and HCV treatment, and
other addiction treatment services, including predischarge
medication-assisted therapy [14].

There are several limitations to this study. One is that the
ICD-10 does not have specific diagnosis codes for IDU or
sequelae thereof. Given our model’s sensitivity of 63%, we may
be underestimating more than one-third of inpatient PWID
hospitalizations for IRI in Florida, with major attendant treat-
ment costs. Cases from hospitals without available cost-to-
charge ratios (6.3% of cases) were also excluded, resulting in
further underestimation of total costs. In addition, this study
focused on acute infections requiring hospitalization and did
not consider treatment costs for chronic viral infections associ-
ated with IDU (eg, HIV or HCV) or those treated in the emer-
gency department or ambulatory settings. The data set did not
include data on implementation of opioid substitution therapy
(buprenorphine or methadone) or linkages to HIV/HCV treat-
ment during hospitalization. Finally, the database used did not
allow for linkage of individual patients across multiple admis-
sions. Using databases capable of collecting diagnosis codes
across multiple admissions would increase the algorithm’s
sensitivity.

Our findings present opportunities for interventions to im-
prove hospitalization outcomes. Sixteen percent of individuals
in the cohort left the hospital against medical advice, almost 8
times the national average [15]. Additional unique findings in
our data set included that the percentage of female-assigned pa-
tients in our cohort (43%) greatly exceeds national estimates of
female PWID (30%) [16]. This finding warrants further study
to assess sex differences, sequelae, and effective interventions
for female PWID.

Importantly, this study broadens current understanding re-
garding the epidemiology of IRI, LOS trends, and attendant fi-
nancial impacts of hospitalizations for IRI. The results indicate
that SSTI treatment was strongly associated with lower costs,
whereas more serious infections (endocarditis, osteomyelitis,
sepsis) were significantly more expensive. Medical and surgical
management of these infections is more intensive, requiring
longer hospital stays. Prevention of these high-cost complica-
tions are critical to cost reduction. Public health interventions

that facilitate early care of SSTIs may prevent development of
serious sequelae.

Our findings emphasize high morbidity rates and hospital
system expenses arising from IRI in the contemporary opioid
epidemic. This also provides policy makers with data that can
be used to assess the scope and cost of prevention and treat-
ment strategies. In 2019, Florida passed the Infectious Disease
Elimination Act, authorizing county-level SSP implementation
through local ordinances [17]. The county-level analysis can
help policy makers prioritize regions for harm reduction pro-
gram implementation. Future studies should evaluate public
health interventions, including SSP use or introduction of
supervised injection sites to mitigate these costs. Finally, other
states, regions, and healthcare systems can use this model to
assess financial impacts of preventable IRI, model impacts of
Medicaid expansion, and evaluate changes in morbidity and
mortality associated with reinvestment of these costs in evi-
dence-based interventions to attenuate IDU sequelae.

In conclusion, in this retrospective analysis over a 1-year
period, PWID-related admissions cost Florida hospital sys-
tems $379 788 291, with 86% of those admissions uninsured
or fiscally supported by publicly funded insurance. High
uninsurance rates among these populations resulted in sig-
nificant per-admission and total costs to Florida residents,
healthcare facilities, and state and federally funded insurance
programs. High costs of admissions for IDU sequelae high-
light the critical need to support evidence-based, effective
harm reduction programs and addiction treatment programs
to mitigate this crisis.

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.
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