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OBJECTIVE: Mental health conditions (MHCs) are
prevalent among hospitalized children and could influence
the success of hospital discharge. We assessed the
relationship between MHCs and 30-day readmissions.

METHODS: This retrospective, cross-sectional study of
the 2013 Nationwide Readmissions Database included
512,997 hospitalizations of patients ages 3 to 21 years
for the 10 medical and 10 procedure conditions with
the highest number of 30-day readmissions. MHCs
were identified by using the International Classification
of Diseases, 9th Revision-Clinical Modification codes.
We derived logistic regression models to measure

the associations between MHC and 30-day, all-cause,
unplanned readmissions, adjusting for demographic,
clinical, and hospital characteristics.

RESULTS: An MHC was present in 17.5% of medical and
13.1% of procedure index hospitalizations. Readmission
rates were 17.0% and 6.2% for medical and procedure
hospitalizations, respectively. In the multivariable
analysis, compared with hospitalizations with no

eadmission prevention is a focus of national efforts
to improve the quality of hospital care for children.™
Several factors contribute to the risk of readmission for
hospitalized children, including age, race or ethnicity,
payer, and the type and number of comorbid health condi-
tions.4? Mental health conditions (MHCs) are a prevalent co-
morbidity in children hospitalized for physical health reasons
that could influence their postdischarge health and safety.
MHCs are increasingly common in children hospitalized for
physical health indications; a comorbid MHC is currently present
in 10% to 25% of hospitalized children ages 3 years and older.™"!
Hospital length of stay (LOS) and cost are higher in children with
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MHC, hospitalizations with MHCs had higher odds of
readmission for medical admissions (adjusted odds ratio
[AOR], 1.23; 95% confidence interval [CI], 1.19-1.26]
and procedure admissions (AOR, 1.24; 95% Cl, 1.15-
1.33). Three types of MHCs were associated with higher
odds of readmission for both medical and procedure
hospitalizations: depression (medical AOR, 1.57; 95%
Cl, 1.49-1.66; procedure AOR, 1.39; 95% Cl, 1.17-1.65),
substance abuse (medical AOR, 1.24; 95% ClI, 1.18-1.30;
procedure AOR, 1.26; 95% Cl, 1.11-1.43), and multiple
MHCs (medical AOR, 1.43; 95% Cl, 1.37-1.50; procedure
AOR, 1.26; 95% Cl, 1.11-1.44).

CONCLUSIONS: MHCs are associated with a higher
likelihood of hospital readmission in children admitted for
medical conditions and procedures. Understanding the
influence of MHCs on readmissions could guide strategic
planning to reduce unplanned readmissions for children
with cooccurring physical and mental health conditions.
Journal of Hospital Medicine 2018;13:445-452. © 2018
Society of Hospital Medicine

an MHC.'>™ |ncreased resource use may occur because MHCs
can impede hospital treatment effectiveness and the child's re-
covery from physical illness. MHCs are associated with a lower
adherence with medications™ ' and a lower ability to cope with
health events and problems.”? In adults, MHCs are a well-estab-
lished risk factor for hospital readmission for a variety of physical
health conditions.??* Although the influence of MHCs on read-
missions in children has not been extensively investigated, higher
readmission rates have been reported in adolescents hospitalized
for diabetes with an MHC compared with those with no MHC.252

To our knowledge, no large studies have examined the rela-
tionship between the presence of a comorbid MHC and hos-
pital readmissions in children or adolescents hospitalized for
a broad array of medical or procedure conditions. Therefore,
we conducted this study to (1) assess the likelihood of 30-day
hospital readmission in children with versus without MHC who
were hospitalized for one of 10 medical or 10 procedure con-
ditions, and (2) to assess which MHCs are associated with the
highest likelihood of hospital readmission.
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TABLE. Demographic, Clinical, and Hospital Characteristics of 2013 US Hospitalizations for Children with

versus without a Mental Health Condition

Characteristic

N (% of total cohort)

Length of index admission (median [IQR] days)
30-day, unplanned hospital readmission rate (%)
Demographic characteristics

Age (median [IQR])

Female (%)

Payer (%)
Public (Medicare/Medicaid)
Private

Other (self-pay/charity/other)

Patient location (%)
Metropolitan area pop =1 million
Metropolitan area pop 50,000 to< Tmillion
Rural counties

Median income in patient’s ZIP code (%)
Lowest US quartile (<$37,999)
Second US quartile ($38,00-$47,999)
Third US quartile ($48,000-$63,999)
Highest US quartile (>$64,000)

Clinical characteristics¢

Complex chronic condition (%)

Number physical chronic conditions (median [IQR])
Hospital characteristics

Hospital location and teaching status (%)
Rural
Urban nonteaching
Urban teaching

Hospital ownership (%)
Public
Private, nonprofit

Private, for-profit

MHC®
All 20 Index Admissions? No Yes©
471,057 (100.0) 394,087 (83.7) 76,970 (16.3)
2(1-4) 2(1-4) 2(1-4)
13.3 13.0 15.1
12(7-17) 11(6-16) 17 (12-19)
455 46.0 43.1
49.2 49.9 45.9
421 423 41.3
8.7 79 12.8
53.3 54.0 49.8
30.6 30.1 33.0
16.1 15.9 17.2
31.9 32.1 30.6
271 27.0 27.4
235 234 23.8
17.6 17.4 18.2
44.2 43.1 50.1
1(1-2) 1(1-2) 2(1-3)
6.8 6.8 6.8
19.2 19.0 20.1
74.0 74.2 73.0
14.5 14.6 14.2
771 77.0 77.9
8.4 8.5 8.0

2Index admissions were for the 10 medical and procedure conditions that accounted for the most 30-day, unplanned hospital readmissions. Medical index admissions were for asthma, che-
motherapy, constipation, diabetes, gastroenteritis, inflammatory bowel disease, neutropenia, pneumonia, seizure, and sickle cell crisis. Procedure index admissions were appendectomy, bone
marrow transplant, bowel procedures, craniotomy, knee procedures, respiratory and chest procedures, spinal fusion, tumor biopsy, urinary tract procedures, and ventricular shunt procedures. All
analyses were performed on the survey-weighted sample. The unweighted total number of index admissions was 163,480.

cComorbid MHCs were identified from ICD-9-CM diagnosis codes by using AHRQ's Chronic Condition Indicator system.
P <.001 for statistical comparisons between index admissions with and without a documented MHC for all demographic, hospital, and clinical characteristics.
4% with any complex chronic condition were identified by using ICD-9-CM diagnosis codes according to a scheme developed by Feudtner et al.*' The number of physical chronic conditions was

counted by using AHRQ's Chronic Condition Indicator system.

NOTE: Abbreviations: AHRQ, Agency for Healthcare Research and Quality; ICD-9-CM, International Classification of Diseases, 9th Revision-Clinical Modification; IQR, interquartile range; MHC,

mental health condition; pop, population.

METHODS

Study Design and Setting

We conducted a national, retrospective cohort study of index
hospitalizations for children ages 3 to 21 years who were dis-
charged from January 1, 2013, to November 30, 2013, in the
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Agency for Healthcare Research and Quality's (AHRQ) Nation-
wide Readmissions Database (NRD). Admissions occurring in
December 2013 were excluded because they did not have a
30-day timeframe available for readmission measurement. The
2013 NRD includes administrative data for a nationally represen-
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FIG 1. Medical Admissions: Relationship Between Mental Health Conditions and 30-day, Unplanned Hospital Readmissions. Index admissions were for the
10 medical conditions (n=346,960) that accounted for the most 30-day, unplanned hospital readmissions. Readmission likelihood was compared to no mental health

condition and adjusted for demographic, clinical, and hospital characteristics.

tative sample of 14 million hospitalizations in 21 states, account-
ing for 49% of all US hospitalizations and weighted to represent
35.6 million hospitalizations. The database includes deidenti-
fied, verified patient linkage numbers so that patients can be
tracked across multiple hospitalizations at the same institution
or different institutions within a state. The NRD includes hospital
information, patient demographic information, and the Inter-
national Classification of Diseases, 9th Revision-Clinical Modi-
fication (ICD-9-CM) discharge diagnoses and procedures, with
1 primary diagnosis and up to 24 additional fields for comorbid
diagnoses. This study was approved for exemption by the Chil-
dren’s Hospital of Philadelphia Institutional Review Board.

Index Admissions

We used the methods described below to create a study co-
hort of the 10 medical and 10 procedure index admissions
associated with the highest volume (ie, the greatest absolute
number) of 30-day hospital readmissions. Conditions with a
high volume of readmissions were chosen in an effort to iden-
tify conditions in which readmission-prevention interventions
had the greatest potential to reduce the absolute number of
readmissions. We first categorized index hospitalizations for
medical and procedure conditions by using the All Patient Re-
fined Diagnosis Related Groups (APR-DRGs; 3M Health Infor-
mation Systems, Wallingford, CT).?” APR-DRGs use all diagno-
sis and/or procedure ICD-9-CM codes registered for a hospital
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discharge to assign 1 reason that best explains the need for
hospitalization. We then excluded obstetric hospitalizations,
psychiatric hospitalizations, and hospitalizations resulting in
death or transfer from being considered as index admissions.
Afterwards, we ranked each APR-DRG index hospitalization by
the total number of 30-day hospital readmissions that occurred
afterward and selected the 10 medical and 10 procedure index
admissions with the highest number of readmissions. The APR-
DRG index admissions are listed in Figures 1 and 2. For the
APR-DRG "“digestive system diagnoses,” the most common
diagnosis was constipation, and we refer to that category as
"constipation.” The most common diagnosis for the APR-DRG
called "other operating room procedure for neoplasm” was
tumor biopsy, and we refer to that category as “tumor biopsy.”

Main Outcome Measure

The primary study outcome was unplanned, all-cause read-
mission to any hospital within 30 days of index hospitaliza-
tion. All-cause readmissions include any hospitalization for the
same or different condition as the index admission, including
conditions not eligible to be considered as index admissions
(obstetric, psychiatric, and hospitalizations resulting in death
or transfer). Planned readmissions, identified by using pediat-
ric-specific measure specifications endorsed by AHRQ and the
National Quality Forum,?® were excluded from measurement.
For index admissions with multiple 30-day readmissions, only
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FIG 2. Procedure Admissions: Relationship Between Mental Health Conditions and 30-day, Unplanned Hospital Readmissions. Index admissions were for
the 10 procedure conditions (n=124,097) that accounted for the most 30-day, unplanned hospital readmissions. Readmission likelihood was compared to no mental

health condition and adjusted for demographic, clinical, and hospital characteristics.

the first readmission was counted. Each readmission was treat-
ed as an index admission.

Main Independent Variable

The main independent variable was the presence of an MHC
documented during the index hospitalization. MHCs were
identified and classified into diagnosis categories derived from
the AHRQ Chronic Condition Indicator system by using ICD-
9-CM codes.?? MHC categories included anxiety disorders,
attention-deficit/hyperactivity disorder (ADHD), autism, de-
pression, and substance abuse. Less common MHCs included
bipolar disorder, schizophrenia, disruptive behavior disorders,
somatoform disorders, and eating disorders. These conditions
are included in the group with any MHC, but we did not calcu-
late the adjusted odds ratios (AORs) of readmission for these
conditions. Children were identified as having multiple MHCs
if they had more than 1 MHC.

Other Characteristics of Index Hospitalizations

A priori, we selected for analysis the known demographic,
clinical, and hospital factors associated with the risk of read-
mission.?>?* The demographic characteristics included pa-
tient age, gender, payer category, urban or rural residence,
and the median income quartile for a patient’s ZIP code. The
hospital characteristics included location, ownership, and

448 Journal of Hospital Medicine Vol 13 | No 7 | July 2018

teaching hospital designation. The clinical characteristics in-
cluded the number of chronic conditions® and indicators for
the presence of a complex chronic condition in each of 12
organ systems.*

Statistical Analysis

We calculated descriptive summary statistics for the character-
istics of index hospitalizations. We compared characteristics in
index admissions of children with versus without MHC by using
Wilcoxon Rank-Sum tests for continuous variables and Wald 2
tests for categorical variables. In the multivariable analysis, we
derived logistic regression models to assess the relationship of
30-day hospital readmission with each type of MHC, adjusting
for index admission demographic, hospital, and clinical char-
acteristics. MHCs were modeled as binary indicator variables
with the presence of any MHC, more than 1 MHC, or each of
5 MHC categories (anxiety disorders, ADHD, autism, depres-
sion, substance abuse) compared with no MHC. Four types of
logistic regression models were derived (1) for the combined
sample of all 10 index medical admissions with each MHC
category versus no MHC as a primary predictor, (2) for each
medical index admission with any MHC versus no MHC as the
primary predictor, (3) for the combined sample of all 10 index
procedure admissions with each MHC category versus no
MHC as a primary predictor, and (4) for each procedure index
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admission with any MHC versus no MHC as the primary predic-
tor. All analyses were weighted to achieve national estimates
and clustered by hospital by using AHRQ-recommended sur-
vey procedures. SAS version 9.4 (SAS Institute, Cary, NC) was
used for all analyses. All tests were two-sided, and a P<.05 was
considered statistically significant.

RESULTS
Study Population
The study sample included 471,057 index hospitalizations, in-
cluding 346,960 medical and 124,097 procedure admissions
(Table). The selected hospitalizations accounted for 39.6% of
all index hospitalizations and 40.7% of all unplanned 30-day
readmissions for patients ages 3 to <21 years in 2013. For all
medical and procedure index admissions combined, median
age at index admission was 12 years (interquartile range [IQR],
7-17); 49.2% used public insurance, and 74.0% were from urban
teaching hospitals. Median LOS was 2 days (IQR, 1-4; Table).
Across all index admissions, 16.3% were for children with an
MHC. Overall, children with MHCs were older and more likely
to have a chronic® or complex chronic® physical health condi-
tion than children with no MHCs (Table).

Index Medical Admissions, Mental Health Condi-
tions, and Hospital Readmission

The 10 index medical hospitalizations with the most readmissions
for children ages 3 to 20 years were asthma, chemotherapy, con-
stipation, diabetes, gastroenteritis, inflammatory bowel disease,
neutropenia, pneumonia, seizure, and sickle cell crisis. Across
all index medical hospitalizations, 17.5% were for patients with
an MHC (Figure 1). Of index medical admissions with any MHC,
26.3% had ADHD, 22.9% had an anxiety disorder, 14.9% had au-
tism, 18.3% had depression, and 30.9% had substance abuse.
Among all admissions with MHCs, 28.9% had 2 or more MHCs.

Index Medical Admissions Combined

For all index medical hospitalizations combined, 17.0%
(n=59,138) had an unplanned, 30-day hospital readmission.
The rate of 30-day hospital readmissions was higher with ver-
sus without an MHC (17.5 vs 16.8%; P<.001). In a multivariable
analysis, presence of an MHC was associated with a higher
likelihood of hospital readmission following an index medical
admission (AOR, 1.23; 95% confidence interval [Cl], 1.19-1.26);
Figure 1). All MHCs except autism and ADHD had a higher
likelihood of readmission (Figure 3).

Specific Index Medical Admissions

For specific index medical admissions, the rate of 30-day hos-
pital readmission ranged from 2.9% for asthma to 74.3% for
chemotherapy. For 8 of the 10 specific index medical hospi-
talizations (all aside from chemotherapy and pneumonia), an
MHC was associated with higher adjusted odds of 30-day
readmission (AOR range, 1.10-1.70; Figure 1). In pneumonia
index admissions, having an MHC was associated with lower
odds of readmission compared with having no MHC (AOR,
0.82; 95% Cl, 0.69-0.97; Figure 1).
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FIG 3. Adjusted 30-day, Unplanned Readmission Likelihood by Type and
Number of Mental Health Conditions for Medical and Procedure Hospi-
talizations. Index admissions were for the 10 medical conditions (n=346,960)
and 10 procedure conditions (n=124,097) that accounted for the most 30-day,
unplanned hospital readmissions. Readmission likelihood was compared to no
mental health condition and adjusted for demographic, clinical, and hospital
characteristics. Abbreviations: ADHD, Attention Deficit Hyperactivity Disorder;
MHC, mental health condition.

Index Procedure Admissions, Mental Health Condi-
tions, and Hospital Readmission

The 10 index procedure hospitalizations with the most read-
missions for children ages 3 to 20 years were appendectomy,
bone marrow transplant, bowel procedures, craniotomy, knee
procedures, respiratory and chest procedures, spinal fusion,
tumor biopsy, urinary tract procedures, and ventricular shunt
procedures. Across all index procedure hospitalizations, 13.1%
were for patients with an MHC (Figure 2). Of index procedure
admissions with any MHC, 35.8% had substance abuse, 33.5%
had ADHD, 19.8% had an anxiety disorder, 12.2% had depres-
sion, 2.9% had autism, and 20.9% had more than 1 MHC.

Index Procedure Admissions Combined

For all index procedure hospitalizations combined, 6.2%
(n=7632) had an unplanned, 30-day hospital readmission. The
rate of 30-day hospital readmissions was significantly higher
with versus without an MHC (7.2 vs 5.1%; P<.001). In a mul-
tivariable analysis, MHCs were associated with a higher like-
lihood of hospital readmission following an index procedure
admission (AOR, 1.24; 95% CI, 1.15-1.33; Figure 2). Among
common MHCs, only anxiety disorders were not associated
with higher odds of readmission (AOR, 1.06; 95% Cl, 0.92-1.22,
Figure 3).

Specific Index Procedure Admissions

For specific index procedure admissions, the rate of 30-day
hospital readmission ranged from 2.2% for knee procedures
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to 33.6% for tumor biopsy. For 3 (ie, urinary tract, ventricular
shunt, and bowel procedures) of the 10 specific index pro-
cedure hospitalizations, having an MHC was associated with
higher adjusted odds of 30-day readmission (AOR range, 1.38-
2.27; Figure 2).

In total, adjusting for sociodemographic, clinical, and hos-
pital characteristics, MHCs were associated with an additional
2501 medical readmissions and 217 procedure readmissions
beyond what would have been expected if MHCs were not as-
sociated with readmissions.

DISCUSSION

MHCs are common among pediatric hospitalizations with the
highest volume of readmissions; MHCs were present in ap-
proximately 1 in 5 medical and 1 in 7 procedure index hos-
pitalizations. Across medical and procedure admissions, the
adjusted likelihood of unplanned, all-cause 30-day readmis-
sion was 25% higher for children with versus without an MHC.
The readmission likelihood varied by the type of medical or
procedure admission and by the type of MHC. MHCs had the
strongest associations with readmissions following hospitaliza-
tion for diabetes and urinary tract procedures. The MHC cate-
gories associated with the highest readmission likelihood were
depression, substance abuse, and multiple MHCs.

The current study complements existing literature by help-
ing establish MHCs as a prevalent and important risk factor for
hospital readmission in children. Estimates of the prevalence of
MHCs in hospitalized children are between 10% and 25%,'01"%
and prevalence has increased by as much as 160% over the
last 10 years.? Prior investigations have found that children
with an MHC tend to stay longer in the hospital compared with
children with no MHC.*? Results from the present study sug-
gest that children with MHCs also experience more inpatient
days because of rehospitalizations. Subsequent investigations
should strive to understand the mechanisms in the hospital,
community, and family environment that are responsible for
the increased inpatient utilization in children with MHCs. Un-
derstanding how the receipt of mental health services before,
during, and after hospitalization influences readmissions could
help identify opportunities for practice improvement. Families
report the need for better coordination of their child’s medical
and mental health care,® and opportunities exist to improve
attendance at mental health visits after acute care encoun-
ters.* Among adults, interventions that address posthospital
access to mental healthcare have prevented readmissions.*

Depression was associated with an increased risk of read-
mission in medical and procedure hospitalizations. As a well-
known risk factor for readmission in adult patients,? depres-
sion can adversely affect and exacerbate the physical health
recovery of patients experiencing acute and chronic illness-
es.%%3 Depression is considered a modifiable contributor
that, when controlled, may help lower readmission risk. Op-
timal adherence with behavior and medication treatment for
depression is associated with a lower risk of unplanned 30-day
readmissions.*®"? Emerging evidence demonstrates how
multifaceted, psychosocial approaches can improve patients’

450 Journal of Hospital Medicine Vol 13 | No 7 | July 2018

adherence with depression treatment plans.® Increased atten-
tion to depression in hospitalized children may uncover new
ways to manage symptoms as children transition from hospital
to home.

Other MHCs were associated with a different risk of read-
mission among medical and procedure hospitalizations. For
example, ADHD or autism documented during index hospi-
talization was associated with an increased risk of readmission
following procedure hospitalizations and a decreased risk fol-
lowing medical hospitalizations. Perhaps children with ADHD
or autism who exhibit hyperactive, impulsive, or repetitive be-
haviors® are at risk for disrupting their postprocedure wound
healing, nutrition recovery, or pain tolerance, which might con-
tribute to increased readmission risk.

MHCs were associated with different readmission risks across
specific types of medical or procedure hospitalizations. For exam-
ple, among medical conditions, the association of readmissions
with MHCs was highest for diabetes, which is consistent with prior
research.? Factors that might mediate this relationship include
changes in diet and appetite, difficulty with diabetes care plan
adherence, and intentional nonadherence as a form of self-harm.
Similarly, a higher risk of readmission in chronic medical condi-
tions like asthma, constipation, and sickle cell disease might be
mediated by difficulty adhering to medical plans or managing ex-
acerbations at home. In contrast, MHCs had no association with
readmission following chemotherapy. In our clinical experience,
readmissions following chemotherapy are driven by physiologic
problems, such as thrombocytopenia, fever, and/or neutropenia.
MHCs might have limited influence over those health issues. For
procedure hospitalizations, MHCs had 1 of the strongest asso-
ciations with ventricular shunt procedures. We hypothesize that
MHCs might lead some children to experience general health
symptoms that might be associated with shunt malfunction (eg,
fatigue, headache, behavior change), which could lead to an
increased risk of readmission to evaluate for shunt malfunction.
Conversely, we found no relationship between MHCs and read-
missions following appendectomy. For appendectomy, MHCs
might have limited influence over the development of postsurgi-
cal complications (eg, wound infection or ileus). Future research
to better elucidate mediators of increased risk of readmission as-
sociated with MHC:s in certain medical and procedure conditions
could help explain these relationships and identify possible future
intervention targets to prevent readmissions.

This study has several limitations. The administrative data
are not positioned to discover the mechanisms by which MHCs
are associated with a higher likelihood of readmission. We
used hospital ICD-9-CM codes to identify patients with MHCs.
Other methods using more clinically rich data (eg, chart review,
prescription medications, etc.) may be preferable to identify
patients with MHCs. Although the use of ICD-9-CM codes may
have sufficient specificity, some hospitalized children may have
an MHC that is not coded. Patients identified by using diagno-
sis codes could represent patients with a higher severity of ill-
ness, patients using medications, or patients whose outpatient
records are accessible to make the hospital team aware of the
MHC. If documentation of MHCs during hospitalization rep-
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resents a higher severity of illness, findings may not extrapolate
to lower-severity MHCs. As hospitals transition from ICD-9 -CM
to ICD-10 coding, and health systems develop more integrat-
ed inpatient and outpatient EHRs, diagnostic specificity may
improve. We could not analyze the relationships with several
potential confounders and explanatory variables that may be
related both to the likelihood of having an MHC and the risk of
readmission, including medication administration, psychiatric
consultation, and parent mental health. Postdischarge health
services, including access to a medical home or a usual source
of mental healthcare and measures of medication adherence,
were not available in the NRD.

Despite these limitations, the current study underscores the
importance of MHCs in hospitalized children upon discharge.
As subsequent investigations uncover the key drivers explaining
the influence of MHCs on hospital readmission risk, hospitals
and their local outpatient and community practices may find it
useful to consider MHCs when (1) developing contingency plans
and establishing follow-up care at discharge,*' (2) exploring op-
portunities of care integration between mental and physical
health care professionals, and (3) devising strategies to reduce
hospital readmissions among populations of children.
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