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A B S T R A C T

Background: Opioid abuse is associated with substantial morbidity and often results in hospitalization. Despite
this, patient-level factors associated with opioid-related hospitalizations are not well understood.
Methods: We used the Pennsylvania Health Care Cost Containment Council dataset (2000–2014) to identify
opioid-related hospitalizations using primary and/or secondary ICD-9-CM hospital discharge codes for opioid
use disorder (OUD), opioid poisoning, and heroin poisoning. Latent class analyses (LCA) of patient-level factors
including sociodemographic characteristics, pregnancy, alcohol, tobacco, other substance use, and psychiatric
disorders were used to identify common patterns within hospitalizations.
Results: Among 28,538,499 hospitalizations, 430,569 (1.5%) were opioid-related. LCA identified five latent class
(LC) patient groups associated with opioid-related hospitalizations: pregnant women with OUD (LC1); women
over 65 with opioid overdose (LC2); OUD, polysubstance use and co-occurring psychiatric disorders (LC3);
patients with opioid overdose without co-occurring polysubstance use (LC4); and African American patients with
OUD and co-occurring cocaine use (LC5). LC3 was the largest latent class (58.2%) with annual hospitalizations
doubling over time.
Discussion: Among patients with opioid-related discharges, we identified five subpopulations among this sample.
These findings suggest increased outpatient OUD treatment, mental health service support for patients with co-
occurring psychiatric disorders and polysubstance use to prevent overdose and hospitalization.

1. Introduction

The prevalence of opioid use disorder (OUD) has reached epidemic
proportions in the United States (Han et al., 2015; Substance Abuse and
Mental Health Services Administration, 2016). In 2017, an estimated 11.4
million Americans misused opioids in the past year, including prescription
opioids and heroin (Substance Abuse and Mental Health Services
Administration, 2017). Due to rising rates of morbidity and mortality as-
sociated with opioid abuse, opioid-related hospitalizations in the United
States (US) have increased substantially. Between 2001 and 2012, over
600,000 prescription opioid and heroin overdose-associated hospital ad-
missions occurred across the US with an associated increase in annual
hospitalization costs of more than $700 million (Hsu et al., 2017).
Pennsylvania has the 3rd highest drug overdose death rate in the United

States and has observed an increasing rate of opioid-related hospitalizations,
especially in rural compared to urban counties from 2000 to 2014 (Centers
for Disease Control and Prevention, National Vital Statistics System/
Mortality 2019; PA Health Care Cost Containment Council (PHC4), 2014).

Pennsylvania ranks 9th in the nation in prescribing rate of long-acting pain
relievers and above the median for prescription of opioid pain relievers
(OPR) and high dose OPR (Paulozzi et al., 2014). Overall, there were 3500
opioid overdose-related hospitalizations recorded in 2017 due to pain
medication overdose or heroin overdose (PA Health Care Cost Containment
Council (PHC4), 2018). Evolving national patterns of opioid use are also
reflected in Pennsylvania’s overdose death rates. Synthetic opioids including
fentanyl are now responsible for a 65% increase in PA drug overdose deaths
from 2015 to 2017 (Ciccarone, 2019; Drug Enforcement Agency
Philadelphia division, University of Pittsburgh 2018).
Despite high healthcare costs associated with opioid use, patient-

level factors predictive of opioid-related hospitalizations remain poorly
understood. Existing evaluations (Fulton-Kehoe et al., 2015; Mosher
et al., 2014; Zedler et al., 2014) have identified several factors– chronic
opioid therapy, use of other drugs, COPD, depression, hypertension,
opioid dependence, and psychiatric disorders– associated with an in-
creased risk of opioid hospitalizations and overdoses. However, these
studies utilized multiple logistic regression and other descriptive
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methods which have a limited ability to accurately evaluate multi-
factorial risk and properly perform subgroup analyses. In contrast, la-
tent class analysis (LCA) categorizes events or individuals into distinct
classes based upon observed patterns in the data (Monga et al., 2007).
Previous studies implementing LCA have largely focused on char-
acterizing the heterogeneity of opioid-using populations from different
data sources. Evaluations of national survey data found that opioid
users fall into 2–4 latent classes based on increasing severity of OUD or
other drug use (Castaldelli-Maia et al., 2016; Ghandour et al., 2008; Wu
et al., 2011). In an evaluation of illicit drug users from a multi-site
cohort study, Monga et al. described 3 classes of persons who use illegal
opioids, including concurrent use of prescription Tylenol, non-injection
drug use, and the most severe class of persons who use heroin and
cocaine (Monga et al., 2007).
Using an LCA approach may be particularly important for opioid-

related hospitalizations due to the need to categorically account for a
complex group of factors that contribute to OUD and overdose. Thus,
we utilized the Pennsylvania Health Care Cost Containment Council
(PHC4), a dataset containing information from all 239 hospitals and
284 freestanding ambulatory surgery centers in Pennsylvania (PA
Health Care Cost Containment Council (PHC4), 2014, 2018), to a) de-
scribe patient-level characteristics associated with opioid-related hos-
pitalizations in a state with one of the highest burdens of opioid-related
morbidity and mortality and b) describe how these classes have
changed over time. Our findings will help target interventions for high-
risk subgroups among a diverse population of individuals with OUD.

2. Data and methods

2.1. Data sources

Inpatient hospital discharge records from 2000 to 2014 were obtained
from the PHC4, a state agency charged with collecting information from all
239 hospitals and 284 freestanding ambulatory surgery centers in
Pennsylvania, excluding information from Veteran’s Affairs (VA) and fed-
eral government institutions (PA Health Care Cost Containment Council
(PHC4), 2014, 2018). The following patient groups were excluded from the
analysis: 1) cancer-related discharges (10.2% of all PHC4 hospitalizations);
2) discharges for children ages 8 years or younger (10.3%); and 3) dis-
charges for persons who resided outside of Pennsylvania (4.8%). The final
analytic sample (n=430,569) included all inpatient hospital records with
opioid-related primary, secondary (first 8 fields), and/or E-code (external
cause of injury) discharges. ICD-9-CM codes were used to create the fol-
lowing opioid-related categories: heroin overdoses (965.01, E850.0), non-
heroin opioid overdoses (965.00, 965.09, E850.2), OUD (304.00–304.03,
304.70–304.73, 305.50–305.53) and adverse effects in therapeutic opioid
use (code E935.2). Each hospitalization could be associated with multiple,
non-exclusive opioid-related categories. The analysis was approved by the
Institutional Review Board at the University of Pittsburgh.

2.2. Covariates

Demographics assessed in PHC4 records included patient age, sex,
race, and urbanicity of the county of residence. Age was categorized
into the following groups: 9–14, 15–24, 25–34, 35–44, 45–54, 55–64,
65–74, 75–84, and 85+ years. Race was categorized as White, African
American, Asian/Pacific Islander/Native Hawaiian, American Indian/
Alaskan Native, Other/Multiple, and Unknown. Urbanicity of the
county of residence of the subjects was determined by the 2013 NCHS
Urban-Rural Classification Scheme (Ingram and Franco, 2014) and di-
vided into: Large central metro, Large fringe metro, Medium metro,
Small metro, Micropolitan, and Noncore. Opioid-related diagnostic
codes were identified using ICD-9-CM codes (listed in Appendix Table
A) in the primary and/or the first 8 secondary discharge fields. Diag-
nostic codes used to create the latent classes included pregnancy, al-
cohol, tobacco, marijuana, cocaine, and barbiturate use, and psychiatric

disorders (including anti-social personality disorder, anxiety, bipolar
disorder, major depressive disorder, psychosis).

2.3. Statistical analyses

First, demographic and medical characteristics were identified in
the opioid-related hospital discharge data and compared to all hospi-
talizations without an opioid diagnosis code (Table 1). Next, LCA was
performed on the analytic sample of the opioid-related hospitalizations
using statistical software R version 3.3.1 (R Foundation for Statistical
Computing) using the poLCA package, created for polytomous variable
latent class analysis. Models were fit with an increasing number of
classes (2 through 11) using input variables: OUD, non-heroin opioid

Table 1
Characteristics of hospital discharges by opioid-related diagnosis codes,
Pennsylvania.2000–2014.

Sample characteristics Hospitalizations with an
ICD-9 opioid-related
diagnosis code
N=430,569

Hospitalizations without an
ICD-9 opioid-related
diagnosis codes
N=21,267,337

Age Group
9-14 yrs 619 (0.1%) 317,992 (1.5%)
15-24 yrs 71,313 (16.6%) 1,629,262 (7.7%)
25-34 yrs 118,592 (27.5%) 2,239,729 (10.5%)
35-44 yrs 93,998 (21.8%) 2,059,539 (9.7%)
45-54 yrs 80,855 (18.8%) 2,580,866 (12.1%)
55-64 yrs 34,857 (8.1%) 2,902,623 (13.7%)
65-74 yrs 14,444 (3.4%) 3,275,617 (15.4%)
75-84 yrs 10,691 (2.5%) 3,922,214 (18.4%)
85+ yrs 5198 (1.2%) 2,339,316 (11%)

Sex
Male 242,906 (56.4%) 8,729,392 (41.1%)
Female 187,626 (43.6%) 12,533,924 (58.9%)
Pregnancy 20,119 (4.7%) 2,229,389 (10.5%)

Race
White 329,073 (76.4%) 16,891,665 (79.5%)
African American 57,108 (13.3%) 2,834,980 (13.3%)
Asian/Pac Is/

Hawaiian
837 (0.2%) 130,830 (0.6%)

American Ind/AK
Native

2770 (0.6%) 32,166 (0.2%)

Other/Multiple 23,845 (5.5%) 541,282 (2.6%)

Residence County
Urbanicity

Large central metro 177,898 (41.3%) 5,544,607 (26.1%)
Large fringe metro 100,142 (23.3%) 5,955,836 (28%)
Medium metro 98,555 (22.9%) 5,479,663 (25.8%)
Small metro 23,059 (5.4%) 1,713,520 (8.1%)
Micropolitan 23,392 (5.4%) 1,923,615 (9%)
Noncore 7523 (1.7%) 650,096 (3.1%)

Opioid use history
Opioid use disorder

(OUD)
367,538 (85.4%) 0 (0%)

Non-heroin opioid
overdose

25,593 (5.9%) 0 (0%)

Heroin overdose 9384 (2.2%) 0 (0%)
Opioid Adverse

Effects
39,686 (9.2%) 0 (0%)

Other substance use
Tobacco 100,204 (23.3%) 2,449,668 (11.5%)
Cocaine 68,861 (16.0%) 278,664 (1.3%)
Alcohol use 36,720 (8.5%) 515,049 (2.4%)
Marijuana 32,709 (7.6%) 207,659 (1.0%)
Barbiturates 32,027 (7.4%) 35,725 (0.2%)
Amphetamines 1,946 (0.5%) 4787 (0.0%)

Medical co-
morbidities

Psychiatric disorder 138,176 (32.1%) 2,144,672 (10.1%)
HCV 68,143 (15.8%) 271,317 (1.3%)
HIV 10,263 (2.4%) 123,190 (0.6%)
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overdose, heroin overdose, age, sex, race, urbanicity of the county of
residence, pregnancy, alcohol, tobacco, marijuana, cocaine, barbitu-
rate, and the presence of a psychiatric disorder. Selection for the ap-
propriate number of LCs was determined by comparing the Akaike In-
formation Criterion (AIC), Bayesian Information Criterion (BIC), and
Chi-squared goodness-of-fit test statistics among models. We took the
most parsimonious model, checked the interpretations of class divisions
to confirm the most appropriate number of classes, and chose the model
that divided the hospitalizations into 5 distinct classes. We also examine
the trend of different LC groups by year of discharge. All other statis-
tical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC).

3. Results

3.1. Characteristics of cohort

Among 430,569 opioid-related hospitalizations, the majority were
attributable to OUD (85%), with smaller percentages attributable to
non-heroin opioid overdose (6%) and heroin overdose visits (2%).
Patients with opioid-related admissions were more likely to be male

(56%), white (76%), and from large central metro counties (41%)
compared to patients without an opioid-related diagnosis (Table 1).
When compared to the other age groups, most patients with an opioid-
related hospitalization were aged 25–54 years (68%). The frequency of
other co-morbid conditions, including polysubstance use and psychia-
tric disorders, were higher among patients with opioid-related hospi-
talizations compared to total hospitalizations during the study period.

3.2. Defining latent classes

The best-fitting LCA model identified 5 distinct groups of opioid-
related hospitalizations (Table 2). While fit statistics improved with an
increasing number of classes, the interpretive validity was best with 5
classes. Latent class 1 (LC1) was defined by a 94% probability of
pregnancy, 15–34 years old, OUD, and very few other comorbidities.
Latent class 2 (LC2) included discharges that had a higher than average
probability of being associated with non-heroin opioid overdose
(11.8%), white race, female sex, age ≥65 years old (˜65% probability),
and rural county of residence. Latent class 3 (LC3) was defined by
discharges associated with OUD (100% probability), white race,

Table 2
Posterior probabilities a (%) for class membership in the 5-class model.

a. Cells that are highlighted and bolded are ≥10% higher than the overall sample of opioid
hospitalizations.
b. Name of latent classes: LC1 “Pregnant women with OUD”; LC2 “Women over 65, with opioid
overdose”; LC3 “OUD, polysubstance use and co-occurring psychiatric disorders”; LC4 “Opioid
overdose without co-occurring polysubstance use”.
LC5 “African American patients with OUD and co-occurring cocaine use”.

S.J. Liu, et al. Drug and Alcohol Dependence 202 (2019) 185–190

187



psychiatric disorder diagnoses and co-occurring tobacco, marijuana,
and barbiturate use disorders. Latent class 4 (LC4) represented dis-
charges associated with overdose including non-heroin, opioid over-
dose (59% probability) and heroin overdose (12.5% probability), in
addition to low probabilities of marijuana, cocaine, and barbiturate use
disorders. Latent class 5 (LC5) represented discharges associated with
OUD (99.2% probability), African American or other/multiple race,
male sex, age>35 years old, cocaine use, and tobacco use. Among
these 5 classes, LC3 was the largest class representing 58% of all clas-
sified discharges followed by LC5 (21.8%) and non-heroin opioid
overdose (LC2, 8.7%), and heroin overdose classes (LC4, 6.6%) were
lower in overall class frequency.

3.3. Latent class time trends

Between 2000–2014, the number of opioid-related hospitalizations
increased from 20,073 to 40,401. The number of hospitalizations by
latent class varied over time (Fig. 1). LC3 (OUD, co-occurring psy-
chiatric disorders, polysubstance use) made up the largest portion of
our analytic sample and doubled over the study period from 9465
hospitalizations in 2000–25,950 hospitalizations in 2014, with the
largest increase occurring between 2010–2014. The frequency of hos-
pitalizations in LC1, LC2, and LC4 appeared to increase more gradually
during the studied years, likely due to their smaller representation
among the analyzed opioid-related hospitalizations. Despite an initial
decline in frequency, LC5 hospitalizations also increased from 2010 to
2014.

4. Discussion

Opioid-related hospitalizations represent a significant healthcare
event with substantial costs to both individuals and society. Our ana-
lysis provides an in-depth description of the likely characteristics of
individuals affected by OUD who require hospitalization by identifying
five distinct classes of opioid-related hospitalizations from 2000 to
2014. We determined that opioid-related hospitalizations commonly
occur for pregnant women with OUD (LC1), older women over 65 years
of age with non-heroin opioid overdoses (LC2), persons with OUD with
co-occurring psychiatric disorders and polysubstance use (LC3), persons
with heroin overdose (LC4), and African American persons with OUD
and co-occurring cocaine use (LC5). Our analyses also identified a large
increase in the number of opioid-related hospitalizations for LC3, which
doubled between 2000–2014. The identification of patient-level

characteristics associated with opioid-related hospitalizations has im-
plications for treatment and prevention strategies and can help provi-
ders risk-stratify patient subgroups at high-risk for morbidity and
mortality related to substance use.
Consistent with increased healthcare engagement during preg-

nancy, the LC1 grouping predominantly consisted of pregnant women
with opioid-related diagnoses, which is a unique category not included
in previous assessments that describe opioid-related healthcare utili-
zation. While hospitalizations among pregnant women with OUD are
predominantly due to birth, women with OUD are most likely to engage
in healthcare services during pregnancy due to enhanced investment in
maternal and neonatal health outcomes and expanded pregnancy-re-
lated insurance eligibility (Krans and Patrick, 2016; Olander et al.,
2016). From 1999 to 2014, hospital births complicated by opioid use
disorder increased from 1.5 to 6.5 per 1000 births per year (Haight
et al., 2018).
LC2 consisted of higher probabilities of opioid overdose events as

well as characteristics such as female and in older age groups. This is
also a subpopulation of growing concern, since it has been reported that
women ages 30–64 years have a crude rate of overall drug-related
overdose deaths increased by 260% from 1999 to 2017 (VanHouten
et al., 2019). During our study period, prescription opioids were the
predominant drug class involved in drug overdose deaths, according to
the National Vital Statistics System.
LC3 was the largest class identified in our analysis and identified

increased morbidity associated with co-occurring psychiatric and other
substance use disorders which increased significantly over time from
2000 to 2014. Reasons for the aforementioned increase may be because
they represent the hallmark characteristics and discharge patterns of
persons driving the opioid epidemic, including those using other drugs
and having psychiatric disorders (Fulton-Kehoe et al., 2015; Oregon
Health Authority, 2014). Despite the fact that persons who have psy-
chiatric comorbidities are more likely to receive opioids (Sehgal et al.,
2013), use of opioids may further compound problems for those with
depressive disorders (American Psychiatric Association, 2013). De-
pression and/or anxiety are likely to increase the risk of substance use
disorders, therefore making it necessary to adjust for mental health
disorders when determining the risk of opioid use disorder in those who
are prescribed opioids (Edlund et al., 2007).
LC5 was a class that consisted of African American patients with

OUD and co-occurring cocaine use. Past literature from data of the
1980s and 1990s on OUD focused on middle age African American
individuals with or without other substance use disorders (Kosten et al.,
1986; Rounsaville and Kleber, 1985) and had causes of death that in-
volve opioids, cocaine, and alcohol in combination (Coffin et al., 2003).
Our results suggest that this class remains an issue in Pennsylvania after
2000, as it was the second-largest class identified.
Although other articles using National Survey on Drug Use and

Health data and other databases that used LCA methods (Castaldelli-
Maia et al., 2016; Ghandour et al., 2008; Wu et al., 2011) found smaller
proportions of persons with OUD, co-morbid major depression, and
substance abuse treatment, the analyses were performed on general
opioid users representative of the US civilian population and not ne-
cessarily persons who were hospitalized. The latent classes determined
in prior studies had slightly different input variables, with emphasis on
sociodemographics and opioid types (Ghandour et al., 2008), depres-
sion, days using opioids (Wu et al., 2011), psychiatric disorders, doctor
shopping, and how opioid was obtained (Castaldelli-Maia et al., 2016).
However, each study found a latent class with an especially high
amount of substance use and/or psychiatric disorder(s).
Other studies examine populations of persons hospitalized for

opioid-related reasons that include prescription opioid use and over-
doses and examine risk factors, co-morbidities, and deaths (Mosher
et al., 2014; Zedler et al., 2014). However, compared to these hospital
studies, our analysis accounts for a longer time period (2000–2014), a
large non-veteran hospital sample, and includes heroin overdoses.

Fig. 1. Number of visits, trends of latent classes by year.2000–2014.
LC1: Pregnant women with OUD.
LC2: Women over 65, with opioid overdose.
LC3: OUD, polysubstance use and co-occurring psychiatric disorders.
LC4: Opioid overdose without co-occurring polysubstance use.
LC5: African American patients with OUD and co-occurring cocaine use.
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Our results should be interpreted while considering the following
limitations. First, our study used visit-level hospital data, which may
misrepresent the true prevalence of hospitalizations for patients due to
insufficient data to link visits to individuals. In general, multiple hos-
pital admissions are found in older patients and/or those with more
severe conditions. Second, opioid-related hospitalizations were identi-
fied by ICD-9-CM diagnostic codes and may underestimate the true
prevalence of hospitalizations due to opioid use (Owens et al., 2014).
However, other studies have found that opioid ICD-9-CM codes have
high specificity, despite low sensitivity (Rowe et al., 2016). Third, these
data represent events where an opioid diagnosis code was in either a
primary and/or secondary discharge diagnosis field. Inclusion of an
opioid diagnosis code in a secondary field depends upon the viewpoints
of attending medical personnel with regards to the role of opioid issues
in that admission. We conducted a sensitivity analysis examining a
subset of events with an opioid diagnosis code in only the primary
discharge code field. There were 82,880 visits with opioid as a primary
discharge code. The LCA performed on these primary opioid discharge
visits yielded a slightly different LCA model that did not have a class of
pregnant women like LC1 in the presented analysis. Fourth, the in-
creases in fentanyl-related deaths since around 2006 are important
drivers of drug overdoses in the United States (Gladden et al., 2016;
O’Donnell et al., 2017). Our analysis of ICD-9-CM codes is not specific
enough to distinguish how many hospitalizations are due to fentanyl
use. Further investigation is needed on data using toxicology testing.
In addition, latent class analyses have inherent limitations, espe-

cially because of the subjective nature of selecting the appropriate
model which was not entirely based on the lowest fit statistic values.
Models with different numbers of classes could have changed the
characteristics of the classes. It is also important to note that latent
classes were named to note the indicators that have higher probabilities
compared to the general hospitalized population captured in PHC4.
These should be described with the understanding that not all visits
within a latent class share identical characteristics (Lanza et al., 2007).
With the rising burden of OUD and drug overdoses, it is important to

recognize that the characteristics of those affected are not identical. We
identified 5 distinct groups within all opioid-related hospital admissions
in Pennsylvania over 15 years. The identification of latent classes has
implications for treatment and prevention strategies for morbidity and
mortality for opioid-related issues to help curb the opioid epidemic.
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