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Introduction: Despite increasing survival of children following hospitalization,
hospitalization may increase iatrogenic risk for mental health (MH) disorders,
including acute stress, post-traumatic stress, anxiety, or depression. Using a
population-based retrospective cohort study, we assessed the rates of new
MH diagnoses during the 12 months after hospitalization, including the
moderating effects of ICU exposure.
Study design/methods: This was a retrospective case control study using the
Truven Health Analytics insurance database. Inclusion criteria included
children aged 3–21 years, insurance enrollment for >12 months before and
after hospital admission. We excluded children with hospitalization 2 years
prior to index hospitalization and those with prior MH diagnoses. We
extracted admission type, ICD-10 codes, demographic, clinical, and service
coordination variables from the database. We established age- and sex-
matched cohorts of non-hospitalized children. The primary outcome was a
new MH diagnosis. Multivariable regression methods examined the risk of
incident MH disorder(s) between hospitalized and non-hospitalized children.
Among hospitalized children, we further assessed effect modification from
ICU (vs. non-ICU) stay, admission year, length of stay, medical complexity,
and geographic region.
Results: New MH diagnoses occurred among 19,418 (7%) hospitalized
children, 3,336 (8%) ICU-hospitalized children and 28,209 (5%) matched
healthy controls. The most common MH diagnoses were anxiety (2.5%),
depression (1.9%), and stress/trauma (2.2%) disorders. Hospitalization
increased the odds of new MH diagnoses by 12.3% (OR: 1.123, 95% CI:
1.079–1.17) and ICU-hospitalization increased these odds by 63% (OR: 1.63,
95% CI: 1.483–1.79) as compared to matched, non-hospitalized children.
Children with non-complex chronic diseases (OR: 2.91, 95% CI: 2.84–2.977)
and complex chronic diseases (OR: 5.16, 95% CI: 5.032–5.289) had a
substantially higher risk for new MH diagnoses after hospitalization
compared to patients with acute illnesses.
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2024.1344870&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fped.2024.1344870
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fped.2024.1344870/full
https://www.frontiersin.org/articles/10.3389/fped.2024.1344870/full
https://www.frontiersin.org/articles/10.3389/fped.2024.1344870/full
https://www.frontiersin.org/articles/10.3389/fped.2024.1344870/full
https://www.frontiersin.org/journals/pediatrics
https://doi.org/10.3389/fped.2024.1344870
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Daughtrey et al. 10.3389/fped.2024.1344870

Frontiers in Pediatrics
Conclusion: Pediatric hospitalization is associated with higher, long-term risk of
new mental health diagnoses, and ICU hospitalization further increases that risk
within 12 months of the acute episode. Acute care hospitalization confers
iatrogenic risks that warrant long-term mental and behavioral health follow-up.

KEYWORDS

PICS-p (Post Intensive Care Syndrome-pediatric), mental health, hospitalization, ICU, PTSD,

anxiety, depression
Introduction

Substantial decreases in all-cause childhood mortality and

steady growth in pediatric hospitalizations have flooded pediatric

outpatient settings with survivors of illnesses previously not seen.

The field of pediatrics has made large strides in improving

survival and outcomes of premature infants, preventing injury

and disease (i.e., car seats, vaccines, drownings, diarrheal

illnesses) (1), with advancing medical and surgical therapies (e.g.,

congenital heart disease repairs, organ transplants, advanced

imaging, ventilators, sepsis management, chemotherapy) (2). This

evolving landscape of decreasing mortality and increasing

morbidity led us to examine inpatient outcomes beyond the

hospital, into outpatient and community care settings.

Specifically, long-term mental, developmental, and social health

outcomes are now being recognized as important contributors to

children thriving.

The psychiatric morbidity experienced by hospitalized children

has created unique challenges for our healthcare system. Intensive

care unit (ICU) admissions lead to post-traumatic stress symptoms,

post-traumatic stress disorder (PTSD), depression, anxiety, and

other psychological challenges in children (3–5). Children

admitted for traumatic injuries to the hospital wards also

experience similar morbidities (6). Using validated pediatric

measures of “acute stress” or “post-traumatic stress”, the

prevalence of post-traumatic stress symptoms following hospital

admission ranged 35%–62% (7), whereas depression and anxiety

ranged 7%–13% and 7%–40%, respectively (3, 8, 9). The increase

in mental health illnesses among hospitalized children is

associated with a poor quality of life (10, 11), reduced functional

capacity (9, 12), and increased health care utilization (13).

Key professional organizations therefore seek to better

define and address the lasting impairments in children

experienced by hospital and pediatric ICU (PICU) survivors.

Post-ICU morbidity in adult survivors was labeled post-ICU

syndrome (PICS) to facilitate collaboration, research, and

education (4). A framework for studying PICS in pediatrics

(PICS-p) contextualizes the effects of PICU care on children’s

neurodevelopment, as well as their physical, cognitive, emotional,

and social/relational health (4).

While single center studies have evaluated the rates of PTSD

and acute stress after hospitalization and ICU admission in

children, currently no population-based studies have quantified

the rates of new mental health diagnoses and/or treatment

following pediatric hospitalizations with or without ICU stay.

Understanding whether hospital and ICU admissions lead to
02
increased risk for new MH diagnoses may open avenues for

mental health advocacy for inpatient and outpatient pediatrics.

This study was designed to examine the rates of new mental

health diagnoses in ICU and non-ICU hospitalized children as

compared to healthy, non-hospitalized children. We hypothesize

that pediatric hospitalization (both ICU and non-ICU) would be

associated with a higher incidence of mental health diagnoses

compared to non-hospitalized children. Further, we hypothesize

that ICU admission would be associated with a higher incidence

of MH diagnoses compared to hospitalized children and non-

hospitalized controls.
Methods

Setting and data source

MerativeTM Marketscan® Research Databases were used to

conduct a retrospective matched cohort study from 2008 to 2020.

These databases integrate de-identified medical records from over

250 million patients, as well as their laboratory results, hospital

admission/discharge information. These data are provided

through employers, hospitals, electronic medical records,

Medicare, and managed care organizations; furnished to us by

the Stanford Center for Population Health Sciences in 2023.
ICU admission

ICU admission was defined by specific review codes

including: general ICU, surgical ICU, medical ICU, pediatric

ICU, intermediate ICU, burn unit, trauma ICU, and other

ICU. Psychiatric ICU codes were not used given the exclusion

criteria below.
Study cohorts

Inclusion criteria included children aged 3–21 years, enrolled

for at least 365 days prior to hospitalization with mental health

assessments within 365 days after hospitalization. Children with

previous hospitalization(s) during the 2 years prior to their index

hospitalization and those with prior MH diagnoses were

excluded. We also excluded those admitted for pregnancy (or

related conditions) and those who died during their index

hospitalization. We established age- and sex-matched cohorts of
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non-hospitalized children from the same database. The primary

outcome was a new MH diagnosis, with the specific diagnoses

listed in Table 2.
Variables

The following variables were extracted from the database:

demographic variables, clinical variables, admission type, ICD-10

codes, and service coordination variables. Moderating variables

included ICU exposure, medical complexity, length of stay, and

geographical region. Race, ethnicity, and socioeconomic data are

not available in this de-identified database. Geographic

distribution was based on regions established by the Truven

database. Medical complexity was defined by the Pediatric

Medical Complexity algorithm (PMCA) as follows: “Complex

chronic condition” is defined as a chronic conditions that affects

2 or more systems, a condition that continuously affects any

aspect of the child’s health for minimum of one year,

dependence on technology for more than 6 months, malignancy,

or a life-limiting condition; “non-complex chronic condition” is

defined as a chronic conditions that is episodic, such as asthma;

“non-chronic condition” is defined as a condition that will last

less than 1 year or the absence of any diagnoses (14).

Hospitalizations were selected based on age, therefore there was

no missing data on age or length of stay. Region was its own

category and was used in the regression analysis to mitigate any

systematic bias given that resource allocation is different in

different regions across the United States.
Statistical analyses

Descriptive statistics calculated the rates of new MH

diagnoses in all hospitalizations, those with ICU stay, and in

non-hospitalized children, together with variations due to age,

sex, length of stay (LOS), geographic region, rural vs. urban, and

medical complexity. Data were summarized using frequencies

and percentages. Post hoc analyses were performed to assess

whether mental illness rates differed by age, sex, LOS, region,

and type of physical illness.

The Truven Health Analytics database contains millions of

records and investigators have to download specific records in

order to perform any matching procedure. All children with an

in-patient stay were downloaded as the hospitalized cohort (N =

282,501). In this cohort, we determined the distribution of patients

in each age group and compared these to the age-distribution of

outpatient records for the non-hospitalized children. We added a

random number from 0 to 1 and then downloaded each

outpatient age group separately based on this random number and

the percentage of records required for each age group, while

maintaining a 2:1 ratio of non-hospitalized (N = 525,569) to

hospitalized children (N =282,501). The youngest age group

represented 17% of the hospitalized group but a much higher

percentage of non-hospitalized group, so we adjusted the random
Frontiers in Pediatrics 03
numbering to select only 17% of the non-hospitalized cohort from

this age, thus maintaining the 2:1 ratio of cases to controls.

Simple and multiple regression models were designed to

examine associations between MH rates and clinical/demographic

factors of interest. Simple linear regressions modeled the

bivariable relationship between mental illness and each factor.

Multivariable linear regression was used to examine the

association between mental illness and all underlying factors

simultaneously. Data were fitted to a linear regression model that

included age, sex, LOS, and type of hospitalization (ICU vs. non-

ICU); other factors (medical complexity, admission year, and

geographic region, etc.) were added to the model if they

increased the data variability explained by the regression model.
Results

Between 2008 and 2020, 282,501 hospitalized children met the

inclusion criteria and 40,139 children received ICU care. The

hospitalized cohort was age-matched with 525,569 non-

hospitalized children in this database.

Table 1 demonstrates the incidence of new MH diagnoses

within 1 year of hospitalization stratified by age, sex, LOS,

geographic region, and medical complexity. Within a year after

hospitalization, 19,418 (7%) children and 3,336 (8%) ICU-

hospitalized children had new MH diagnoses compared with 5%

matched healthy controls. Increased hospital length of stay in

univariate analysis did show higher rates of new mental health

diagnoses within 1 year. Region did not increase the rates of new

mental health diagnosis. Figure 1 displays the cumulative percent

of MH diagnoses within 1 year across all cohorts.

Table 2 shows the relative rates of specific mental health

diagnoses. The most common mental health diagnoses were

anxiety (2.5%), depression (1.9%), and stress/trauma (2.2%)

disorders. All three diagnoses occurred more commonly in older

age groups, females, and in patients with higher LOS, implying a

greater susceptibility to the MH consequences of hospitalization

in specific subgroups. All MH diagnoses were increased in

patients with chronic vs. acute illnesses and accentuated further

in patients with complex chronic conditions.

Table 3 demonstrates the adjusted odds of new MH diagnoses

and included chronic and complex chronic patients. Compared to a

matched non-hospitalized cohort, hospitalization did not increase

the odds of new MH diagnoses for children and adolescents

when controlling for patients’ baseline medical complexity.

However, the odds of new MH diagnoses were markedly

increased in children with chronic conditions (OR: 2.91, 95% CI:

2.84–2.977) and complex chronic conditions (OR: 5.16, 95% CI:

5.032–5.289) prior to the index hospitalization (Table 3).

Table 4 illustrates the adjusted odds of new MH diagnoses

only among the subpopulation of acute care, previously healthy

patients. Multivariable regression analyses showed that

hospitalization increased the odds of new outpatient MH

diagnoses by 12.3% (OR: 1.123, 95% CI: 1.079–1.17) and ICU-

hospitalization increased these odds by 63% (OR: 1.63, 95% CI:

1.483–1.79) (Table 4), a 5-fold increase, in children without
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TABLE 1 Unadjusted rates of new mental health diagnosis by cohort and subgroup (Non-chronic, non-complex chronic, complex chronic).

All hospitalizations ICU hospitalizations Not hospitalized

Total MH DXs within
1 year

Total MH DXs within
1 year

Total MH DXs within
1 year

Total 282,501 19,418 7% 40,139 3,336 8% 525,569 28,209 5%

Age

3–5 years old 48,018 1,516 3% 5,629 215 4% 90,852 2,256 2%

6–12 years old 89,519 4,429 5% 11,352 680 6% 165,460 6,328 4%

13–17 years old 83,537 7,241 9% 13,106 1,254 10% 157,254 10,048 6%

18–21 years old 61,427 6,232 10% 10,052 1,187 12% 112,003 9,577 9%

Sex

Male 149,504 9,025 6% 22,446 1,724 8% 282,405 13,485 5%

Female 132,997 10,393 8% 17,693 1,612 9% 243,164 14,724 6%

Length of stay

0–2 days 190,651 12,518 7% 18,300 1,407 8%

3–7 days 83,027 6,045 7% 18,163 1,492 8%

8–14 days 7,158 629 9% 2,732 283 10%

15–30 days 1,417 180 13% 784 119 15%

31+ days 248 46 19% 160 35 22%

Region

Northeast 50,240 3,722 7% 5,655 489 9% 122,554 6,908 6%

Northcentral 64,761 4,772 7% 9,377 833 9% 120,754 6,841 6%

South 108,780 6,943 6% 16,407 1,275 8% 199,610 9,877 5%

West 53,878 3,695 7% 8,004 685 9% 74,470 4,165 6%

Unknown region 4,842 286 6% 696 54 8% 8,181 418 5%

urban 232,149 16,025 7% 33,488 2,735 8% 449,267 24,044 5%

rural 42,535 2,818 7% 5,406 485 9% 76,302 4,165 5%

Medical complexity

Non-chronic 115,389 3,833 3% 10,442 507 5% 356,809 10,101 3%

Non-complex Chronic 94,544 6,170 7% 14,687 912 6% 120,608 10,766 9%

Complex chronic 72,568 9,415 13% 15,010 1,917 13% 48,152 7,342 15%

MH, mental health; Dxs, diagnosis

FIGURE 1

Cumulative percentage of new mental health diagnosis within 1 year.
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TABLE 2 Relative rates of specific mental health diagnoses by patient characteristics in hospitalized and ICU hospitalized cohorts.

All
hospitalizations

Total
patients

Anxiety
disorders

Depressive
disorders

Substance-
related

Suicide & self-
injury

Trauma and
stressor-related

Other

Total 272,859 2.5% 1.9% 1.1% 0.2% 2.2% 1.8%

Age

3–5 years old 47,465 0.7% 0.1% 0.0% 0.0% 1.1% 1.6%

6–12 years old 86,931 1.8% 0.7% 0.1% 0.1% 2.2% 1.6%

13–17 years old 80,863 3.0% 3.1% 1.2% 0.4% 3.0% 2.2%

18–21 years old 57,600 4.1% 3.4% 3.3% 0.3% 2.0% 1.8%

Sex

Male 143,226 1.8% 1.4% 1.2% 0.2% 1.9% 1.8%

Female 129,633 3.2% 2.5% 0.9% 0.2% 2.5% 1.9%

Length of stay

0–2 days 183,423 2.4% 1.8% 1.0% 0.2% 2.1% 1.7%

3–7 days 80,744 2.6% 2.1% 1.1% 0.2% 2.4% 1.9%

8–14 days 7,036 2.9% 2.4% 1.5% 0.2% 3.1% 2.4%

15–30 days 1,409 3.3% 3.1% 2.1% 0.9% 5.0% 3.6%

31+ days 247 5.3% 3.6% 2.4% 1.2% 7.7% 5.6%

Medical complexity

Non-chronic 107,293 1.3% 0.1% 0.8% 0.0% 1.4% 0.4%

Non-complex
chronic

92,992 2.3% 1.8% 1.0% 0.2% 2.1% 1.6%

Complex chronic 72,574 4.5% 4.7% 1.6% 0.5% 3.6% 4.3%

TABLE 4 Adjusted odds of a new mental health diagnosis in previously
healthy patients.

Independent variables Odds ratio CI CI2

95%
Confidence
Intervals

(CI)
ICU hospitalization vs. not hospitalized 1.63 1.483 1.79

Non-ICU hospitalization vs. not hospitalized 1.123 1.079 1.17

Age

3–5 years old vs. 18–21 years old 0.285 0.267 0.304

6–12 years old vs. 18–21 years old 0.464 0.444 0.485

13–17 years old vs. 18–21 years old 0.72 0.69 0.75

Sex (M v F) 0.769 0.744 0.796

Region

NorthCentral vs. Northeast 0.952 0.906 1.001

South vs. Northeast 0.821 0.784 0.86

West vs. Northeast 0.862 0.815 0.911

Unknown region vs. Northeast 0.872 0.734 1.035

Rural 0.997 0.95 1.047

C statistic 0.627, CI, confidence interval

TABLE 3 Adjusted odds of a new mental health diagnosis.

Independent variables Odds ratio CI CI2

95% CI
ICU hospitalization vs. not hospitalized 0.858 0.824 0.892

Non-ICU hospitalization vs. not hospitalized 0.874 0.856 0.893

Age

3–5 years old vs. 18–21 years old 0.311 0.3 0.323

6–12 years old vs. 18–21 years old 0.481 0.469 0.494

13–17 years old vs. 18–21 years old 0.792 0.774 0.811

Sex (M v F) 0.808 0.793 0.823

Region

NorthCentral vs. Northeast 1.096 1.066 1.127

South vs. Northeast 0.945 0.921 0.97

West vs. Northeast 1.086 1.053 1.12

Unknown region vs. Northeast 0.925 0.833 1.026

Rural 1.028 1 1.057

Medical complexity

Non-complex chronic vs. non-chronic 2.907 2.84 2.977

Complex chronic vs. non-chronic 5.159 5.032 5.289

C statistic 0.719, CI, confidence interval

Daughtrey et al. 10.3389/fped.2024.1344870
chronic medical conditions. No age or regional differences

appeared between the four geographic regions or between the

rural vs. urban children. This demonstrates that previously

healthy children are at increased risk for new MH diagnoses after

hospitalization and especially after ICU hospitalization.
Discussion

This is the first study to evaluate national rates of new MH

diagnoses in children who experienced hospitalization and ICU-
Frontiers in Pediatrics 05
hospitalization. Overall, 7% of children had a new MH

diagnosis within one year of hospitalization and 8% of ICU-

hospitalized children had a new MH diagnosis. This suggests a

long-term higher propensity for new MH concerns, accentuated

in children who are survivors of critical illness requiring ICU

admission. Specifically, previously healthy hospitalized children

are at much higher risk for diagnoses of anxiety, depression,

and stress-related disorders, particularly accentuated among

those hospitalized in the PICU.

This study also examined how chronic disease as well as

medical complexity are associated with risk for new MH
frontiersin.org
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diagnoses. We found that having a chronic condition or a complex

chronic condition was associated with an increased risk for new

MH diagnoses after hospitalization in children. When

multivariate analyses included chronic and non-chronic patients,

we did not find any increase in new MH diagnosis when

comparing hospitalized or ICU-hospitalized children to non-

hospitalized controls. Counter to our hypothesis, in this

multivariate model, we found a reversal of the effect, namely that

non-complex patients had a lower risk for new MH diagnosis

following hospitalization, when compared with their non-

hospitalized peers. This unexpected finding could be due to a

number of reasons. One intriguing explanation may be the

dynamic resilience of children who experience early-life stressors.

In the growing literature evaluating adverse childhood

experiences (ACEs), in fact, researchers have identified structural

changes to children’s brains who have exposure to early life

stress that correlate with experience of dynamic resilience (15,

16). Specifically, structural changes in the fronto-amygdala region

appear to be associated with initial improvements in resilience

but later enhanced vulnerability to trauma/stress-related disorders

(17, 18). Nonetheless, this area of research, and the implications

of our study’s findings for understanding dynamic resilience,

remains speculative and requires further evaluation in order to

tailor outpatient care for these patients. In fact, a more

reasonable explanation for these findings may have to do with

known population health trends of mental-health diagnosis

prevalence, particularly their absolute rates, rather than adjusted

rates. We know that children with chronic physical conditions

have a higher incidence of MH diagnoses (19). In our sample,

we found higher rates of mental health diagnoses in all

chronically ill children, whether or not they were hospitalized

(Table 1). Specifically, 9% of non-hospitalized children with

chronic diseases, such as asthma, had a new mental health

diagnosis and 15% of those with complex chronic diseases had a

new mental health diagnosis. Chronically-ill children had a 12%

higher risk for new MH diagnoses after hospital admission as

compared with healthy controls, and ICU hospitalization further

increased this risk by over 5-fold. These findings are consistent

with prior studies examining the association between chronic

medical problems during childhood and long-term MH

outcomes, including PTSD, after ICU admission (7, 12).

Nonetheless, as child survival improves into adolescence and

young adulthood with complex chronic diseases, it will be critical

to continue to examine the long-term risk of MH problems for

children with chronic and complex medical conditions.

We also found that anxiety, depression, and trauma-related

disorders were the most common new diagnoses, and they

occurred more commonly among adolescents, females, and

patients with longer hospital stay. These findings are consistent

with the national trends for increased prevalence of MH

problems among adolescents and females within the last two

decades (20–24). These findings suggest a higher susceptibility to

the MH sequelae of hospital admission within specific subgroups,

although it is possible these trends could be related to exposure

bias and ascertainment bias. As children get older, increasing age

increases their likelihood for being exposed to traumatic or
Frontiers in Pediatrics 06
challenging experiences including prior hospitalizations. Major

cognitive, psychological, and social/relational changes in puberty

may further enhance their susceptibility to MH disorders

(25–27). Increasing abilities to reflect on and express their

feelings/experiences with advancing age, as well as a greater

availability and accuracy of validated tools to diagnose MH

conditions contribute to ascertainment bias (28, 29). Multiple

lines of evidence have previously documented that MH

conditions are more common in females, and we also found a

23% higher incidence of hospitalization-related new MH

diagnoses in girls. We suspect, however, that widespread gender

biases and the social/societal demands on growing females may

lower the threshold for diagnosing MH conditions in school-age

or adolescent girls. Future prospective studies must re-examine

the underlying basis for these sexually dimorphic trends.

Finally, in the subpopulation of previously healthy children

(Table 4), we found that hospitalization was associated with

increased incidence of new MH diagnoses by at least 12%

compared to non-hospitalized controls, whereas ICU admission

was associated with a 5-fold higher incidence (63%) of new MH

diagnoses. Thus, when chronic/complex patients are eliminated,

there is no effect of dynamic resilience, and these previously

healthy children are at increased risk of MH sequelae after

hospitalization. Children with ICU admission during

hospitalization experience parental separation, disturbed sleep,

disordered day-night cycles, constant noises, repetitive painful

procedures, stranger anxiety, intrusive physical handling, loss of

privacy to genital areas, wakefulness under muscle relaxants, or

other types of stressful experiences (30, 31). The cumulative

trauma and stress resulting from these experiences is extremely

likely to affect their social-emotional processing of ICU

experiences. We expect, therefore, many children may develop

MH conditions after hospitalization.

A key strength of this study is an effort to describe population-

level mental-health trends over time for a large cohort of

hospitalized and non-hospitalized children across the United

States. Most prior studies of MH risk after hospitalization have

examined adult patients (2, 5). Prior studies that included

children have typically examined smaller sample sizes, with

patient characteristics less representative of all US children,

followed children for less than one year post-hospitalization and/

or did not account for the presence of MH conditions prior to

admission (5). By examining a large cohort of children for at

least one year after hospitalization, this study helps our

understanding of population-level risks for new MH diagnoses

following ICU and non-ICU hospitalizations. Because our study

included matched cohorts of non-hospitalized children, we are

able to paint a more meaningful picture of the relationship

between pediatric critical illness and longer-term MH diagnoses.

By exploring these patterns exclusively among children and

adolescents, we are able to contribute to understanding better

how dynamic states of growth, cognition, and emotional

development during childhood contribute to the population-level

effects on mental health across the life course (32–34). Finally,

we chose in this first study to explore a composite definition of

“mental health diagnosis,” in order to capture a broad range of
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conditions (from anxiety and depression to substance use

disorders) that require attention from an already burdened

mental-health system. By doing so, we hope this begins to

describe emerging needs and risk groups. Future research is

needed to disaggregate these conditions and to explore in

greater depth the validity of some diagnoses, particularly for

younger children.

Limitations of this study are those common to examinations of

large, administrative health databases. The MarketScan databases

excludes Medicaid patients, and contains no individual-level data

on race, ethnicity, or parental education level; this common

limitation of administrative data requires future attention, data

collection and analyses, as well as complementary studies in

smaller populations where these data are available (35, 36, 37).

However, this is the first study to evaluate a national sample.

Diagnosing MH conditions in children is also challenging,

particularly younger children. This may lead to higher rates of

undiagnosed MH conditions. The matching protocol was

unbalanced, and, therefore, estimates of exposure effect

(hospitalization) may be biased toward the null hypothesis.

Another limitation is that the MH diagnoses were based on

billing codes only. This study had no surveillance information

available for the patients or patient-centered outcomes. While

this study had a longer follow-up than most studies evaluating

mental health post-hospitalization, it may still under-estimate

new MH diagnoses should the children experience symptoms

many years later as they approach adulthood. It also did not

include any familial exposures to MH conditions. Incidences of

new MH diagnoses may be biased by the recurrence of a prior

MH diagnosis; however, this is unlikely because all children with

prior MH diagnoses were excluded from this study. Further

research should consider more rigorous approaches, such as

“differences in differences analyses”, to identify causal pathways

associated with hospital-level and individual-level factors.

Despite these limitations, this study describes an increased risk

of poor MH outcomes in hospitalized children, particularly

following ICU admission, in a large national sample. This study

is also the first to examine how chronic medical conditions and

pre-admission medical complexity correlate with increased risk

for new MH diagnoses. On a policy level, this study further

illustrates the need for more robust access to long-term mental

and behavioral health surveillance and treatment, particularly in

children who have been hospitalized.
Conclusions

In this large, national sample of pediatric patients, we found

that acute care hospitalization forebodes an increased risk for

new mental health diagnoses, accentuated in patients with

chronic/chronic complex conditions, and those requiring ICU

admission. These population-based, novel findings warrant acute

and long-term mental and behavioral health surveillance and

treatment for hospitalized children in both the outpatient and

inpatient settings.
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