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Homeless individuals experience very high
rates of behavioral health disorders, chronic
and acute physical conditions, and injuries
related to assaults and accidents.1---4 However,
they face multiple competing demands in
their daily life, such as food and shelter, and
therefore sometimes cannot prioritize medical
care.5 In addition, many of them are uninsured
or do not have a usual source of care, which
often leads them to rely on emergency de-
partments (EDs) as a source of routine medical
care. Furthermore, when unmanaged symp-
toms trigger urgent events or injuries occur,
homeless individuals may seek care in EDs,
and they may be hospitalized.

Consequently, homeless individuals ex-
perience frequent hospitalizations and ED
visits.3,4,6---9 Studies have reported that a quar-
ter to one third of homeless people are hospi-
talized during a year, which is 4 times higher
than the US average.3,4 Also, one third to two
thirds of homeless people have at least 1 ED
visit, which is much higher than the national
average of one fifth of the general popula-
tion.3,4,6,10 Furthermore, hospitalizations and
ED visits account for approximately half of
medical expenditures for insured homeless
individuals.4

Having a clear understanding of risk factors
for frequent hospitalizations and ED visits
among homeless individuals is crucial as many
states expand Medicaid coverage under the
Patient Protection and Affordable Care Act.11

Individuals struggling with homelessness are
more likely to be eligible to enroll because of
their low income and lack of insurance. Med-
icaid programs could face significant challenges
in managing homeless individuals’ complex
needs and high health care utilization. Insur-
ance coverage enables homeless people to
access primary care, which might be expected
to lower nonurgent visits to EDs or hospitali-
zations for preventable conditions. However,

recent studies based on claims data have
shown that insured homeless people in the
United States and Canada still experience very
high rates of hospitalization and ED visits.4,7---9

In addition, survey-based studies have indi-
cated that homeless people with insurance are
more likely to be hospitalized than those
without insurance, although the evidence
regarding ED visits is mixed.3,6,12

Studies of health care utilization among
homeless people in the United States have not
provided comprehensive information about
what happens when they are insured, in par-
ticular, what factors are associated with fre-
quent hospitalizations and ED visits.3,6,12,13

Also, studies that rely on self-reported data or
survey data are subject to recall bias, and those
using records from a single clinic have less
complete data than insurance claims. Although
a Canadian study of insured homeless people
has shown that several enabling and need

factors (e.g., perceived unmet mental health
needs, individual’s health being controlled by
powerful others, and health status) are associ-
ated with hospitalizations and ED visits, these
data are neither routinely collected nor readily
available in existing databases.8,9 Also, these
results might not be fully applicable to home-
less people in the United States because of
differences in health care delivery and financ-
ing between the 2 countries.

We analyzed Massachusetts Medicaid claims
data for a large sample of homeless individuals
with Medicaid coverage to enhance our un-
derstanding of factors associated with frequent
hospitalizations and ED visits in the United
States. Early Medicaid expansion in Massachu-
setts, beginning in the 1990s, provided
health insurance coverage for a large number
of individuals experiencing homelessness.
A health insurance mandate implemented
in 2006 further reduced the number of
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uninsured homeless people. Therefore, Massa-
chusetts serves as a unique environment to
better understand reasons for hospitalizations
and ED visits and factors associated with
frequent utilization for insured homeless peo-
ple. These findings can be useful to states
in developing care management strategies
or other specialized interventions for this
vulnerable population.

METHODS

We merged data from the Boston Health
Care for the Homeless Program (BHCHP) and
Medicaid administrative data in calendar year
(CY) 2010. Approximately 40% of homeless
people in Massachusetts received care from
BHCHP and 80% of BHCHP patients had
Medicaid coverage.14 BHCHP is the major
health care for the homeless program in the city
of Boston and serves the majority of homeless
people accounted for in the city’s annual
homeless census. The population served by
BHCHP includes individual adults, families,
and unaccompanied youths. In addition,
BHCHP continues to be the health care pro-
vider for some homeless people who are placed
in housing programs. Details of the BHCHP
have been reported elsewhere.15

Medicaid administrative data include mem-
ber eligibility and enrollment information
for population characteristics and comprehen-
sive medical claims for health care utilization
and expenditures. Claims data provide diag-
nostic information for both behavioral health
services and general medical care across
a broad range of health care settings. We
derived race/ethnicity and housing status from
BHCHP data, which provided more compre-
hensive information on these measures than
did Medicaid administrative data.

Study Population

The BHCHP database included 6846 po-
tential Medicaid recipients. We linked Medic-
aid identification numbers obtained from
BHCHP records with Medicaid enrollment data
to confirm Medicaid status. We also used the
provider number in the Medicaid claims data
to verify that these individuals received
services from BHCHP.

We excluded individuals who could not
be identified in Medicaid administrative data

and those individuals enrolled in specific
Medicaid managed care programs for older
adults. The former group accounted for the
majority of the exclusion, and we did not have
access to health care utilization records for
the latter group. The final study population
included 6494 Massachusetts Medicaid mem-
bers who received care from the BHCHP in
CY2010.

Dependent and Independent Variables

We examined variables associated with 2
outcomes: the number of hospitalizations and
the number of ED visits. In addition to the high
annual average number of these events expe-
rienced by BHCHP patients, a subgroup of
them had 3 or more hospitalizations or ED
visits in a year.4 Thus, instead of using a di-
chotomous variable to indicate whether an
event occurred or to classify people as low or
high users, we studied the number of events to
better understand how variables were associ-
ated with hospitalizations and ED visits.

According to the behavioral model of health
services utilization for vulnerable popula-
tions,16 we grouped variables associated with
hospitalizations and ED visits into 3 groups:
predisposing, enabling, and need factors. Pre-
disposing factors included demographic char-
acteristics (age, gender, race/ethnicity), en-
abling factors included health insurance
characteristics (Medicare coverage, number of
Medicaid enrollment days), and need factors
included characteristics that affect need for
health care (disability, housing status, mental
illness, substance use disorders, and general
medical conditions). In the descriptive analysis,
we also reported disease burden using DxCG
score.17 DxCG score was set to 1.0 for the
general Medicaid population in its original
development sample. Individuals with a higher
than average disease burden will have DxCG
scores greater than 1.0, and vice versa.

The regression analysis focused on the asso-
ciation between need factors and frequent
hospitalizations or ED visits after adjusting for
predisposing and enabling factors. Housing sta-
tus was an individual’s last known place of
residence in CY2010 derived from records
maintained by BHCHP. Patients were classified
into street, shelter, transitional housing or resi-
dential treatment program, doubled up ormotel,
and housed with or without support services.

Using the Clinical Classification Software
developed by the Agency for Healthcare Re-
search and Quality (Rockville, MD), we group-
ed diagnoses reported in Medicaid claims and
encounter data into clinically meaningful dis-
ease groups. We identified members with
mental illness, substance use disorders, and
selected physical conditions. Mental illness in-
cluded schizophrenia and other psychosis, bi-
polar disorders, depression, anxiety, and other
mental illness. Substance use disorders (SUDs)
included alcohol abuse or dependence and
drug abuse or dependence. Selected physical
conditions were hepatitis C, HIV, liver cirrhosis,
asthma or chronic obstructive pulmonary dis-
ease, hypertension, congestive heart failure,
ischemic heart disease, and diabetes. Because
the final modeling already included these
clinically meaningful disease groups, we did not
include the overall disease burden represented
by the DxCG score.

Statistical Analysis

We examined population characteristics and
disease profiles by level of health care utiliza-
tion (zero, moderate, and high number of
events). We used the v2 test for categorical
variables and analysis of variance for continu-
ous variables to examine differences between
these utilization groups.

Because the number of hospitalizations and
ED visits were count data with greater vari-
ability (i.e., overdispersion), we used negative
binomial regression to examine variables as-
sociated with these 2 outcomes. All analyses
were performed with SAS statistical software,
version 9.2 (SAS Institute, Cary, NC).

RESULTS

A total of 6494 BHCHP patients with
Medicaid coverage in CY2010 were included
in the analysis. Almost three quarters of
BHCHP patients were male (71%), and the
average age was 45.5 years (Table 1). More
than two thirds of patients were nonhoused
(70%), one fifth were housed with or without
support services (21%), and 9% were un-
known. Mental illness (68%) and SUDs (60%)
were highly prevalent, and 48% of homeless
individuals had co-occurring mental illness and
SUD. The 3 leading physical conditions were
hypertension (37%), asthma or chronic
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obstructive pulmonary disease (26%), and
hepatitis C (23%). More details on population
characteristics have been reported elsewhere.4

BHCHP patients with frequent hospitaliza-
tions or ED visits had significantly different
population characteristics than those with

lower utilization (Table 1). These frequent
utilizers were more likely to be non-Latino
White, be dually eligible for Medicare and
Medicaid, live on the streets, and have much
higher disease burden. Furthermore, frequent
hospital and ED utilizers had 13 to 14

ambulatory care office visits annually, much
higher than the 7 to 9 visits for those without
hospitalization or ED visit.

One third of BHCHP patients had 1 or more
hospitalizations and approximately two thirds
had at least 1 ED visit during 2010 (Table 1

TABLE 1—Population Characteristics for Boston Health Care for the Homeless Program Patients With Medicaid by Number of Hospitalizations

and ED Visits: Boston, MA, 2010

Characteristics

Total

(n = 6494),

Mean 6SD

or No. (%)

No. of Hospitalizations No. of ED Visits

0

(n = 4287),

Mean 6SD

or No. (%)

1–2

(n = 1436),

Mean 6SD

or No. (%)

‡ 3
(n = 771),

Mean 6SD

or No. (%)

0

(n = 1990),

Mean 6SD

or No. (%)

1–2

(n = 1932),

Mean 6SD

or No. (%)

3–5

(n = 1168),

Mean 6SD

or No. (%)

‡ 6
(n = 1404),

Mean 6SD

or No. (%)

Age,a,b y 45.5 613.3 45.4 613.5 45.5 613.1 46.8 612.1 47.8 613.4 45.1 614.2 44.3 612.5 43.8 611.7

Genderb,c

Male 4587 (71) 3058 (71) 956 (67) 573 (74) 1472 (74) 1329 (69) 801 (69) 985 (70)

Female 1907 (29) 1229 (29) 480 (33) 198 (26) 428 (26) 603 (31) 367 (31) 419 (30)

Race/ethnicityb

Non-Latino White 2868 (44) 1692 (39) 709 (49) 467 (61) 786 (40) 756 (39) 530 (45) 796 (57)

Non-Latino African American 2058 (32) 1487 (35) 397 (28) 174 (23) 683 (34) 660 (34) 369 (32) 346 (25)

Latino 986 (15) 702 (16) 210 (15) 74 (10) 333 (17) 314 (16) 169 (14) 170 (12)

Other 214 (3) 155 (4) 43 (3) 16 (2) 77 (4) 73 (4) 35 (3) 29 (2)

Unknown 368 (6) 251 (6) 77 (5) 40 (5) 111 (6) 129 (7) 65 (6) 63 (4)

Insurance and disability

Medicareb,d 1761 (27) 1006 (23) 440 (31) 315 (41) 579 (29) 532 (28) 294 (25) 356 (25)

Medicaid enrollment daysa,c 340.8 661.7 335.9 668.9 347.4 649.6 356.0 633.3 326.7 679.9 340.4 661.3 349.1 646.7 354.6 635.9

Disabilityb,c 3734 (58) 2191 (51) 951 (66) 592 (77) 1044 (52) 1085 (56) 682 (58) 923 (66)

Housing statusb,c

Housed 1391 (21) 953 (22) 306 (21) 132 (17) 527 (26) 453 (23) 214 (18) 197 (14)

Doubled up or motel 696 (11) 486 (11) 146 (10) 64 (8) 248 (12) 217 (11) 100 (9) 131 (9)

Transitional housing or residential treatment 1105 (17) 700 (16) 257 (18) 148 (19) 250 (13) 303 (16) 271 (23) 281 (20)

Shelter 2448 (38) 1602 (37) 545 (38) 301 (39) 681 (34) 732 (38) 446 (38) 589 (42)

Street 253 (4) 135 (3) 60 (4) 58 (8) 53 (3) 54 (3) 39 (3) 107 (8)

Unknown 601 (9) 411 (10) 122 (9) 68 (9) 231 (12) 173 (9) 98 (8) 99 (7)

Behavioral health disorders

Any mental illnessb,c 4384 (68) 2469 (58) 1186 (83) 729 (95) 944 (47) 1274 (66) 921 (79) 1245 (89)

Any SUDsb,c 3890 (60) 2017 (48) 1104 (77) 714 (93) 701 (35) 1078 (56) 860 (74) 1251 (89)

Co-occurring mental illness and SUDsb,c 3135 (48) 1489 (35) 961 (67) 685 (89) 463 (23) 818 (42) 722 (62) 1132 (81)

Selected physical conditions: anyb,c 4215 (65) 2395 (56) 1119 (78) 701 (91) 1061 (53) 1201 (62) 810 (69) 1143 (81)

Disease burden: DxCG scoreb,c 3.8 63.8 2.2 61.8 5.3 63.1 9.9 65.3 1.9 62.2 3.2 63.2 4.5 64.0 6.6 64.4

Service utilization

Ambulatory care office visitsb,c 10.0 611.0 8.6 69.8 12.0 611.4 14.3 614.0 7.1 68.4 9.6 69.4 11.8 613.1 13.3 612.8

Hospitalizationsb,c 1.0 62.4 0 1.3 60.5 6.0 64.0 0.2 60.7 0.5 61.1 1.0 61.8 2.8 64.0

ED visitsb,c 4.0 67.3 2.1 63.7 5.1 66.8 12.7 614.0 0 1.4 60.5 3.8 60.8 13.6 611.1

Note. ED = emergency department; SUD = substance use disorders. Selected physical conditions include hepatitis C, HIV, liver cirrhosis, asthma or chronic obstructive pulmonary disease,
hypertension, congestive heart failure, ischemic heart disease, and diabetes.
aP < .05 for hospitalizations.
bP < .01 for ED visits.
cP < .01 for hospitalizations.
dP < .05 for ED visits.

RESEARCH AND PRACTICE

S718 | Homelessness | Peer Reviewed | Lin et al. American Journal of Public Health | Supplement 5, 2015, Vol 105, No. S5



and Figure 1). Frequent users accounted for
a disproportionate share of these services
(Figure 1). Although 12% of BHCHP patients
had 3 or more hospitalizations, they accounted
for 71% of all hospitalizations. Similarly,
BHCHP patients with 6 or more ED visits
(21%) accounted for 73% of all ED visits.

Principal diagnoses for hospitalizations and
ED visits were classified into clinically mean-
ingful disease groups (Table 2). Half of hospi-
talizations were for behavioral health disorders
(n = 3044), and bipolar disorder was the most
common principal reason for behavioral health
hospitalization (30%) followed by alcohol-
related disorders (22%), drug-related disorders
(16%), schizophrenia (11%), and major de-
pression (10%). For general medical conditions
(n = 3461), the leading disease groups were
those for circulatory system (15%), injury and
poisoning (14%), respiratory system (13%),
and digestive system (13%). Approximately
one third of ED visits were attributable to
behavioral health disorders (n = 7531), with
alcohol-related disorders being the most com-
mon reason (52%), followed by drug-related
disorders (18%). Among ED visits for general
medical conditions (n = 18 240), the leading
diagnosis was injury and poisoning (20%).

Table 3 shows the incident rate ratios (IRRs)
and 95% confidence intervals from the nega-
tive binomial models for hospitalizations and
ED visits, respectively, after adjusting for de-
mographic and health insurance characteristics.
The IRRs represent the ratio of the count of

events (e.g., hospitalization) for the variable of
interest (e.g., people with co-occurring schizo-
phrenia and SUD) to its reference group (e.g.,
people with no mental illness and no SUD). The
multivariate analyses showed that homeless
individuals with co-occurring mental illness
and SUDs were at the greatest risk of frequent
hospitalizations and ED visits (e.g., IRRs = 2.9---
13.8 for all-cause hospitalizations) followed by
those with schizophrenia or SUD alone
(IRRs = 3.6 and 2.4 for hospitalizations and
IRRs = 2.3 and 3.0 for ED visits, respectively).
With a more moderate impact, most selected
physical conditions were also associated with
increased hospitalizations (IRRs =1.4---2.3)
and ED visits (IRRs = 1.1---1.5). In addition,
unhoused individuals had significantly higher
utilization than those who had been housed
with or without support services (e.g.,
IRRs = 1.5 and 2.1 for hospitalizations and ED
visits, respectively, among those living on the
streets).

DISCUSSION

Our findings show very high rates of hospi-
talizations and ED visits for Medicaid members
experiencing homelessness, even though
Medicaid coverage improves access to care and
affords members a wide range of services in the
outpatient setting. Notably, a small group of
frequent users accounted for the majority of
hospitalizations and ED visits. Also, contrary to
conventional belief, these frequent users had

a significantly higher number of ambulatory
care office visits than those with less frequent
hospitalizations and ED visits. This finding is
similar to those of other studies showing that
frequent ED users also have high rates of other
ambulatory care visits.18---20 Furthermore, the
significant association between frequent utili-
zation and mental illness, SUDs, and unstable
housing suggests that combining housing
with improved behavioral health treatment and
support could be helpful to meet complex
medical and social needs for homeless indi-
viduals. By analyzing complete claims data, this
study highlights areas in which states can
develop enhanced care coordination strategies
and housing programs for homeless
individuals.

Mental illness and SUDs, particularly when
they co-occur, place homeless individuals at
substantially increased risk for frequent hospi-
talizations and ED visits. Individuals with
mental illness, SUDs, or both experience
greater medical comorbidities, poorer quality
of care, lower adherence to treatment regi-
mens, and higher health care expenditures than
those without these conditions.21---25 Although
Medicaid coverage improves access to general
medical care, homeless individuals might face
challenges in locating their behavioral health
services and coordinating with general medical
care if additional assistance is lacking. The
shortage of behavioral health specialists and
facilities and the lack of trusted relationships
with providers also pose challenges in service
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FIGURE 1—Distribution of Boston Health Care for the Homeless Program (BHCHP) patients and (a) hospitalizations and (b) emergency

department (ED) visits: Boston, MA, 2010.
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coordination. Furthermore, traditionally com-
partmentalized physical and behavioral health
services remain the general approach in ongo-
ing payment and delivery system reforms, such
as accountable care organizations.26 One cur-
rent opportunity to leverage would be the
Health Homes option in the Affordable Care
Act. This option provides states a higher federal
match rate (90%) during the first 2 years to
develop programs to enhance care coordina-
tion and integrate physical and behavioral
health services for Medicaid members with
multiple chronic conditions.

Many homeless individuals are likely to
be eligible for Health Homes because of
their multiple and co-occurring physical and

behavioral health conditions. States can develop
innovative care delivery models with the support
of designated providers, such as health care for
the homeless programs, who have a long-standing
and established relationship with homeless in-
dividuals. These designated providers are likely to
be homeless individuals’ principal point of contact
with the health care delivery system, and they are
well equipped to coordinate services for mental
illness and substance use disorders among
homeless people. In other areas, Health Homes
may need to add specialized services to those
offered by local mental health providers or
community health centers.

The significantly high number of ambula-
tory care visits among people with frequent

hospitalizations and ED visits indicates that this
group has complex care needs. A previous
analysis indicated that most ambulatory care
visits (90%) were for general medical condi-
tions, and only 10% were attributable to be-
havioral health disorders.4 Although not re-
ported here, these ambulatory care visits were
evenly split between BHCHP and other pro-
viders. It is likely that frequent users received
care from multiple providers, which could pose
significant challenges in maintaining the care
continuum and engagement. Medical subspe-
cialty visits are also expected in this population
with great disease burden. However, we do not
have complete information to verify the
specialties of other providers. Further study
is warranted to examine the association
between these health care services and to
identify opportunities and strategies for care
improvement.

We also found that in this group of individ-
uals, unstable housing is a significant contrib-
utor to frequent hospitalizations and ED visits.
A lack of housing makes health care delivery
more complex. Leading diagnoses for general
medical hospitalizations indicated poor care of
injuries and problems in managing chronic
conditions. Simple regimens such as diet, ex-
ercise, and insulin use for a diabetic patient
may become insurmountable challenges on the
street. Violence and injuries are also a constant
risk, with many individuals arriving in the ED
with a diagnosis of injuries or pain. Conven-
tional medical intervention models alone are
unlikely to reduce frequent hospitalizations
and ED visits for homeless people. Studies have
shown that stable housing with adequate sup-
port helps reduce substance use, acute care
services, and health care expenditures.27---30

More specifically, targeted investments in care
coordination and housing together may be
needed to improve the quality and cost effec-
tiveness of care for homeless people. However,
many current programs are limited to grant-
funded initiatives or not scalable in their
current health care system. This effort would
require interagency support to couple med-
ical services with housing resources, but it
would be well worth the effort. Our analysis
suggests that moving a person from the
streets to stable housing could reduce ED
visits by half and hospitalizations by one
quarter or more.

TABLE 2—Leading Disease Groups for Hospitalizations and ED Visits Among Boston Health

Care for the Homeless Program Patients With Medicaid: Boston, MA, 2010

Disease Group Hospitalization, No. (%) or % ED Visit, No. (%) or %

Alla

Behavioral health disorders 3 044 (47) 7 531 (29)

General medical 3 461 (53) 18 240 (71)

Behavioral health disordersb

Bipolar disorders 30 4

Alcohol-related disorders 22 52

Drug-related disorders 16 18

Schizophrenia and other psychotic disorders 11 4

Major depression 10 2

Other depression 4 11

Anxiety disorders 2 5

Other 5 5

General medical conditionsc

Circulatory system 15 7

Injury and poisoning 14 20

Respiratory system 13 10

Digestive system 13 6

Skin and subcutaneous tissue 8 6

Endocrine, nutritional, and metabolic diseases 7 3

Musculoskeletal system and connective tissue 5 12

Nervous system and sense organs 4 10

Symptoms, signs, ill-defined conditions 4 12

Infectious and parasitic diseases 4 2

Genitourinary system 4 4

Otherd 8 8

Note. ED = emergency department.
an = 6505 for hospitalization; n = 25 771 for ED visit.
bn = 3044 for hospitalization; n = 7531 for ED visit.
cn = 3461 for hospitalization; n = 18 240 for ED visit.
dIncludes neoplasms, pregnancy complications, childbirth, puerperium, blood and blood-forming organ diseases, residual
codes, all E codes, and unclassified diagnoses.
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Limitations

Using comprehensive information from
linked Medicaid administrative data and
health care for the homeless program data,
we have identified several areas for states to
develop effective strategies to help manage
the complex care needs of insured homeless
people. Nevertheless, several limitations
warrant consideration in interpreting our
findings. First, data used in this analysis show
results before recent state initiatives taken
by BHCHP, such as implementation of a
patient-centered medical home model and
recent Massachusetts primary care payment
reform. The utilization pattern might be
changing with a more patient-centered ap-
proach. Second, this is a cross-sectional study
with 1 year of data. We are not able to
compare results during the pre-Medicaid
expansion era. Also, the housing status used
in the study was the last known place of
residence in CY2010. When data are avail-
able, time-varying housing status could be
considered to reflect the dynamic housing
status throughout the year and improve the
modeling. Third, our study was located in
a region with a higher than average number
of hospital beds and health care providers
per capita, which have been shown to con-
tribute to higher utilization.31

Conclusions

Homeless individuals, particularly those
with co-occurring mental illness and sub-
stance use disorders and those without sta-
ble housing, experienced heavy inpatient
and ED use. States could consider provisions
under the Affordable Care Act (e.g., Medicaid
expansion and Health Homes) jointly with
increased housing resources to meet the
needs of homeless individuals, which may
improve the quality and cost effectiveness
of care. These efforts can target individuals
with increased risk of high utilization and
better engage them in preventive care to
help manage health conditions and reduce
inappropriate utilization. Expanded health
care coverage without concomitant
improvements in housing accessibility could
increase health care utilization but have
relatively little impact on the health and
well-being of individuals experiencing
homelessness. j

TABLE 3—Incident Rate Ratios for Variables Associated With the Number of

Hospitalizations and Emergency Department Visits Among Boston Health Care for the

Homeless Program Patients With Medicaid: Boston, MA, 2010

Variables Hospitalizations, IRR (95% CI) ED Visits, IRR (95% CI)

Housing status

Housed (Ref) 1.0 1.0

Doubled up or motel 1.3 (1.1, 1.6) 1.2 (1.1, 1.3)

Transitional housing or residential treatment 1.2 (1.1, 1.4) 1.0 (0.9, 1.2)

Shelter 1.4 (1.2, 1.6) 1.5 (1.4, 1.6)

Street 1.5 (1.2, 1.9) 2.1 (1.8, 2.4)

Unknown 1.1 (0.9, 1.3) 1.1 (1.0, 1.3)

Behavioral health disorders

No behavioral health disorder (Ref) 1.0 1.0

Schizophrenia with SUD 13.8 (11.4, 16.6) 7.8 (6.9, 8.8)

Schizophrenia only 3.6 (2.8, 4.6) 2.3 (1.9, 2.7)

Bipolar with SUD 6.1 (5.0, 7.4) 4.4 (3.9, 5.0)

Bipolar only 1.0 (0.7, 1.5) 2.0 (1.7, 2.5)

Depression with SUD 4.4 (3.6, 5.4) 3.9 (3.5, 4.4)

Depression only 1.8 (1.4, 2.3) 1.8 (1.6, 2.1)

Anxiety with SUD 2.9 (2.1, 3.9) 3.7 (3.1, 4.4)

Anxiety only 1.3 (0.7, 2.1) 2.2 (1.7, 2.8)

Other mental illness with SUD 3.6 (2.5, 5.3) 4.4 (3.5, 5.7)

Other mental illness only 1.6 (1.1, 2.4) 1.0 (0.8, 1.3)

SUD only 2.4 (1.9, 2.8) 3.0 (2.6, 3.4)

Physical conditions

Hepatitis C 1.5 (1.3, 1.6) 1.2 (1.1, 1.2)

HIV 1.0 (0.8, 1.2) 0.9 (0.8, 1.0)

Cirrhosis 1.9 (1.6, 2.3) 1.5 (1.3, 1.8)

Asthma/COPD 1.5 (1.4, 1.6) 1.5 (1.4, 1.6)

Hypertension 1.8 (1.6, 2.0) 1.3 (1.2, 1.4)

Congestive heart failure 2.3 (1.9, 2.8) 1.2 (1.0, 1.4)

Ischemic heart disease 1.9 (1.6, 2.1) 1.1 (1.0, 1.2)

Diabetes 1.4 (1.2, 1.5) 1.2 (1.1, 1.3)

Demographics

Age 1.0 (1.0, 1.0) 1.0 (1.0, 1.0)

Female 1.0 (1.0, 1.1) 1.0 (1.0, 1.1)

Race/ethnicity

Non-Latino White (Ref) 1.0 1.0

Non-Latino African American 0.7 (0.7, 0.8) 1.0 (0.9, 1.0)

Latino 0.7 (0.6, 0.8) 0.8 (0.7, 0.9)

Others 0.8 (0.6, 1.1) 0.9 (0.7, 1.0)

Unknown 0.9 (0.7, 1.1) 0.9 (0.8, 1.0)

Health insurance and disability

Medicare and Medicaid 1.4 (1.2, 1.5) 0.9 (0.8, 0.9)

Medicaid enrollment days 1.0 (1.0, 1.0) 1.0 (1.0, 1.0)

Disability 1.2 (1.1, 1.3) 1.0 (1.0, 1.1)

Note. CI = confidence interval; COPD = chronic obstructive pulmonary disease; ED = emergency department; IRR = incidence
rate ratio; SUD = substance use disorder.
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