Atopic Dermatitis and Hospitalization for
Mental Health Disorders in the United States
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Little is known about mental health (MH) emergencies in atopic dermatitis (AD) and their financial burden. We sought to de-
termine hospitalization rates and costs of MH disorders in AD patients. We analyzed data from the Nationwide Inpatient
Sample from 2002 to 2012, containing a representative 20% sample of US hospitalizations. Overall, 835 AD (1.36%) and
2,434,703 non-AD (0.75%) patients had a primary admission for an MH disorder. Atopic dermatitis patients admitted for
MH disorders were more likely to be younger, Asian, of black race, and in a higher income quartile and have an increasing
number of chronic conditions. In multivariable logistic regression models adjusting for demographics, AD was associated
with a primary admission for MH disorders in adults, including mood disorders, schizophrenia, and developmental disorders.
Atopic dermatitis was not associated with a primary admission for an MH disorder in children. There were an estimated US
$183,821,629 excess costs of care annually for MH disorders in inpatients with versus without AD. In conclusion, AD was as-

sociated with higher odds of hospitalization for all MH disorders and substantial excess costs of inpatient care.

A topic dermatitis (AD) is a chronic inflammatory skin disease
affecting 13% of children' and 7% to 10% of adults in the
United States.® Atopic dermatitis is associated with considerable
morbidity, including the sequelae of itch, skin pain, sleep disturbance,
difficulties with activities of daily living, relationships, and performance
at school and work.*” In turn, these may lead to or exacerbate symp-
toms of depression, anxiety, and/or inattentiveness in AD patients.
Previous studies demonstrated significantly higher rates of diag-
nosed depression, anxiety, and other mental health (MH) disorders
in both children and adults with AD.>""" However, little is known
about the financial burden of MH disorders in AD. In particular,
MH emergencies often require hospitalization, which can be prolonged

From the Departments of *Dermatology, tPreventive Medicine, and tMedical
Social Sciences, Northwestern University Feinberg School of Medicine, Chicago, IL.

Address reprint requests to Jonathan I. Silverberg, MD, PhD, MPH, Department of
Dermatology, Northwestern University Feinberg School of Medicine, Ste 1600,
676 N St Clair St, Chicago, IL 60611. E-mail: JonathanlSilverberg@gmail.com.

Supported by the Agency for Healthcare Research and Quality (grant number K12
HS023011) and the Dermatology Foundation.

D.Y.H. and B.S. contributed equally to this article.

J.LS. had full access to all the data in the study and takes responsibility for the
integrity of the data and accuracy of the data analysis, did the study concept and
design, and obtained funding. J.I.S., B.S., and D.Y.H. did the acquisition of data,
the analysis and interpretation of data, the critical revision of the article for
important intellectual content, and the statistical analysis and drafted the article.
The authors have no conflicts of interest to declare.

Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions of
this article on the journal’s Web site (www.dermatitisjournal.com).

DOI: 10.1097/DER.0000000000000418
© 2019 American Contact Dermatitis Society. All Rights Reserved.

54

and costly."> We hypothesized that AD patients have increased rates of
hospitalization for psychiatric emergencies, prolonged length of stay
(LOS), and higher costs of care.

Previous studies found that the strongest associations with comor-
bid MH disorders in AD patients were disease severity and profound
sleep disturbance.®>'>"? This suggests that at least some MH comorbid-
ity may be mitigated by improved control of AD. If so, then limited ac-
cess to dermatologic and other specialty care for AD may be associated
with poorer MH outcomes. We hypothesized that there are health care
disparities of MH disorders in patients with AD. In the present study,
we examined the associations of AD and MH hospitalizations in US
children and adults.

METHODS

We analyzed data from the 2002-2012 Nationwide Inpatient Sample
(NIS) provided by the Healthcare Cost and Utilization Project
(HCUP) from the Agency for Healthcare Research and Quality
(AHRQ). Each year of NIS contains an approximately 20% stratified
representative sample of all inpatient hospitalizations in the United
States. Sample weights were created by the NIS that factored the com-
plex sampling design of US hospitals and allowed for representative
estimates of discharges across the whole country. All data were
deidentified, and no attempts were made to identify any of the individ-
uals in the database. All parties with access to the HCUP were compli-
ant to HCUP's formal data use agreement. The study was approved by
the institutional review board of the Northwestern University.

Identification of AD and MH Disorders

The NIS lists only 1 primary diagnosis and up to 24 secondary diagno-
ses. Per HCUP inpatient database standards, the first listed diagnosis is
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the principal diagnosis, that is, the primary reason for hospitalization.
The databases were searched for primary and secondary diagnoses of
AD using the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes 691.8. Primary and secondary
diagnoses of AD were coded separately. We previously found the code
691.8 to be sufficiently valid to identify AD in the inpatient setting,'*
The control group included all patients without any diagnosis of AD,
excluding live births and normal pregnancies, yielding a representative
cohort of hospitalized patients in the United States.

Mental health comorbidities were precoded according to the
AHRQ comorbidity measures and through the NIS Clinical Classi-
fication Software. Comorbidities precoded by the AHRQ also used
diagnosis-related groups and thus would capture a higher frequency
of the comorbidities in comparison with the use of ICD-9-CM codes
alone. Admission for an MH emergency was identified by a primary
diagnosis of the disorder. An MH comorbidity was considered present
with a secondary diagnosis of the disorder. The MH disorders included
mood disorders (including bipolar disorder and depression), anxiety,
suicidality, substance abuse, cognitive, developmental, adjustment, im-
pulse, personality, pediatric and other MH disorders, and alcohol
abuse. A variety of ICD-9-CM codes for MH disorders, including those
for alcohol abuse, depression," schizophrenia,' suicide attempt, sub-
stance abuse,"” psychosis, bipolar disorder, and affective disorders,'® have
been found to have a strong positive predictive value for the use in epide-
miological studies The codes used to create these variables are pre-
sented in the Supplemental Table (http://linksIww.com/DER/A17).
A composite variable was created for any MH disorder.

Statistics

All data were processed using SAS 9.4 (SAS Institute, Cary, NC).
Baseline characteristics of patient subsets were determined. Com-
plete case analysis was performed. A 2-sided P value of less than
0.05 was taken to indicate statistical significance for all estimates.
The prevalence of having a primary or secondary MH disorder
was determined in children and/or adults with or without AD. Results
were stratified by sex (male/female), race (white/black/Hispanic/
other), having insurance (yes/no), and age (by decade). To examine
the associations of AD with any MH comorbidities as well as with a
primary admission for MH emergencies, multivariable logistic regres-
sion models adjusting for age, sex, and race/ethnicity were constructed
with any diagnosis or a primary diagnosis of each of the MH comorbid-
ities as the dependent variables, respectively. Adjusted odds ratios
(aORs) and 95% confidence intervals (Cls) were estimated. Post hoc
correction for multiple dependent tests was performed by minimizing
the false discovery rate with the approach of Benjamini and
Hochberg," and corrected P values are presented. Adjusted odds ratio
and 95% CI were presented in forest plots using OpenMeta Analyst, an
open-source software supported by Brown University and the AHRQ.
Summary statistics were determined for LOS and cost of inpatient
care, including total and geometric mean (95% CI). To determine the
predictors of hospitalization, survey-weighted multivariable logistic
regression models were constructed with hospitalization for MH

disorders as the dependent variable and AD as the independent var-
iable. To determine the predictors of cost of care and LOS, multivar-
iable linear regression models were constructed with log-transformed
cost of care and LOS as the dependent variables. Cost of care and LOS
were log transformed because they were not normally distributed.
Other independent variables included age (0-4/5-10/11-17/18-39/
40-59/60-79/>80 years), sex (male/female), race/ethnicity (white/
black/Hispanic/Asian/Native American/other), mean annual income
of the hospital zip code (quartiles), health insurance coverage (yes/
no; Medicare/Medicaid/private/self-pay/no charge/other), number of
chronic conditions (0-1/2-5/26), season of admission (winter/spring/
summer/autumn), hospital location (metropolitan/fringe-metropolitan/
micropolitan/not metropolitan or micropolitan; northeast/
midwest/south/west), and admission year. Multivariable logistic re-
gression models used stepwise selection from the previously men-
tioned covariates (a < .1).

RESULTS

Overall, there were 68,490,364 (weighted = 334,336,213) discharges
captured in the NIS between 2002 and 2012 after exclusion of live
births and normal pregnancies. Patients without AD were 54.1% fe-
male and 70.0% white and had a mean age of 57.2 years (Table 1).
Among patients with AD, patients were 46.7% female and 46.2%
white and had a mean age of 28.6 years.

Among patients with AD, 14,981 (16.36%) had a concomitant
diagnosis of any MH disorder and 835 AD patients (1.36%) were
primarily admitted for an MH disorder. In contrast, 51,709,075 pa-
tients (16.01%) without AD had a concomitant diagnosis of any MH
disorder, and 2,434,703 (0.75%) were primarily admitted for an
MH disorder.

Association of Demographics With AD Patients

In multivariable logistic regression models adjusting for demographics,
decreasing age (aOR [95% CI]: 5-10 years, 0.64 [0.57-0.73]; 11-17 years,
0.30 [0.27-0.33]; 18-39 years, 0.068 [0.062-0.075]; 40-59 years, 0.049
[0.045-0.054]; 60-79 years, 0.034 [0.031-0.038]; 80+ years, 0.035
[0.031-0.039]), Asian (3.01 [2.74-3.32]) and black (1.44 [1.37-1.52])
race/ethnicity, higher income quartile (first, 0.85 [0.80-0.90]; second,

1y \: 1AW Subject Demographics
No AD AD

57.2 (0.003) 28.6 (0.21)
36,787,940 (54.1) 42,596 (46.7)

Variable

Age, mean (SD), y
Female, n (%)
Race/ethnicity, n (%)

White 37,890,139 (70.0) 34,667 (46.2)
Black 7,744,730 (14.3) 21,313 (28.4)
Hispanic 5,403,818 (9.9) 10,290 (13.7)
Asian 1,066,765 (2.0) 4129 (5.5)
Native American 310,146 (0.6) 662 (0.8)
Multiracial/other 7471,109 (2.9) 3931 (5.2)
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0.94 [0.89-1.00]; third, 0.99 [0.94-1.05]), increasing number of chronic
conditions (2-5, 58.19 [30.83-109.81]; 6+, 11821 [62.62-223.15]), and
hospital in a metropolitan area (fringe/metro, 0.77 [0.74-0.81]; mi-
cropolitan, 0.70 [0.65-0.75]; not metropolitan or micropolitan, 0.78
[0.71-0.85]) were associated with hospitalization for MH disorders
among patients with AD (Table 2).

Associations of Demographics With AD
Patients With Psychiatric Comorbidities

Variable aOR (95% CI) P
Age,y
0-4 1.00 -
5-10 0.64 (0.57-0.73) <0.0001
11-17 0.30 (0.27-0.33) <0.0001
18-39 0.068 (0.062-0.075) <0.0001
40-59 0.049 (0.045-0.054) <0.0001
60-79 0.034 (0.031-0.038) <0.0001
80+ 0.035 (0.031-0.039) <0.0001
Season
Winter 1.06 (1.007-1.19) 0.03
Spring 1.00 —
Summer 0.98 (0.93-1.03) 0.4
Fall 0.96 (0.91-1.01) 0.1
Sex
Female 1.02 (0.98-1.06) 0.4
Male 1.00 -
Race
White 1.00 —
Black 1.44 (1.37-1.52) <0.0001
Hispanic 0.96 (0.89-1.03) 0.3
Asian 3.01 (2.74-3.32) <0.0001
Native American 1.09 (0.87-1.37) 0.4
Other 1.20 (1.08-1.34) 0.001
Income quartile
1 0.85 (0.80-0.90) <0.0001
2 0.94 (0.89-1.00) 0.051
3 0.99 (0.94-1.05) 0.9
4 1.00 —
Insurance
Medicare 0.93 (0.88-0.99) 0.02
Medicaid 0.88 (0.83-0.93) <0.0001
Private insurance 1.00 —
Self-pay 0.78 (0.71-0.85) <0.0001
No charge 1.47 (1.18-1.82) 0.005
Other 0.99 (0.90-1.11) 0.9
No. chronic conditions
0-1 1.00 —
2-5 58.19 (30.83-109.81) <0.0001
6+ 118.21 (62.62-.223.15) <0.0001
Hospital location
Metropolitan, > 1 million 1.00 —
Fringe/metropolitan, <1 milion  0.77 (0.74-0.81) <0.0001
Micropolitan 0.70 (0.65-0.75) <0.0001
Not metropolitan or 0.78 (0.71-0.85) <0.0001
micropolitan

The prevalence of primary hospitalization for an MH disorder
significantly decreased between 2002-2003 and 2006-2007,
2008-2009, and 2010-2012 among patients with and without AD
(survey logistic regression, P < 0.001).

Association of AD and Primary Admission for
MH Disorders

In multivariable logistic regression models adjusting for age, race/
ethnicity, and sex, AD was associated with an admission for any
MH disorder among adults (aOR [95% CI], 1.78 [1.48-2.15]), but
not children (0.68 [0.47-1.00]) (Fig. 1). Atopic dermatitis was asso-
ciated with a primary admission for MH disorders, including mood
disorders, schizophrenia, and developmental disorders. Atopic der-
matitis was not associated with a primary admission for an MH dis-
order in children overall or for specific MH disorders.

Association of AD and Any MH Disorders

In multivariable logistic regression models, AD was associated with
any (primary or secondary) diagnosis of MH disorders (130 [1.25-1.36])
(Fig. 2). Among both adults and children, AD was associated with
anxiety disorders and developmental disorders. However, AD was
only associated with mood disorders, schizophrenia, cognitive dis-
orders, suicide or self-inflicted injury, alcohol abuse, substance
abuse, personality disorders, adjustment disorders, attention deficit
disorder/attention deficit hyperactivity disorder (ADD/ADHD), or
conduct disorders in adults, but not children.

Cost of Care and LOS

The geometric mean cost of inpatient care for any MH was significantly
higher in patients with versus without AD (US $12,112 vs $4504, re-
spectively; P < 0.0001) (Table 3). Geometric mean cost of hospitalization
was greater for patients with versus without AD admitted for schizo-
phrenia, mood disorders, personality disorders, substance-related disor-
ders, disorders diagnosed in childhood, alcohol use disorder, cognitive
disorders, impulse control disorders, ADD/ADHD, and miscellaneous
MH disorders. There were an estimated US $183,821,629 excess costs
of hospital care annually for MH disorders in patients with versus with-
out AD, with mood disorders, delirium/cognitive disorders, and anxiety
disorders accounting for the most excess costs associated with MH
disorders. For patients admitted primarily for an MH disorder with
AD as a comorbidity, increased cost of care was associated with
Asian and other race/ethnicity and hospital location in micropolitan
area (linear regression, P < 0.05 for all) (Table 3).

The geometric mean LOS was significantly higher in patients
with AD (15.51 days) versus those without AD (8.32; P < 0.0001)
for hospitalization for any MH disorder. The geometric mean LOS
was greater for patients with AD versus those without AD for
schizophrenia, mood disorders, personality disorders, alcohol use
disorder, cognitive disorders, impulse control disorders, and other
MH disorders. There were an estimated 288,520 excess days of hospital-
ization annually for MH disorders in patients with versus without AD,
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AD
Primary reason for No Yes
admission Age (yr) Fre F
N red OR(95%Cl) P
al /ol
(%) (%)
Al 2,434,703 (0.75%) 835 (11.38%) 1.08[0.91-1.28] 0.7 '
Any mental health < o o 01
disorder <18 177,132(0.78%)  165(3.62%) 0.68[0.47-1.00] O. .
218 2,256,571 (0.75%) 666 (24.25%) 1.78[1.48-2.15] 0.001 -
All 4,573,147 (1.41%) 443 (6.04%) 0.93[0.82-1.05] 0.4
Mood disorders <18 521762 (2.29%)  58(1.28%) 1.01[0.81-1.27] 0.9
218 4,051,385(1.35%) 380 (13.85%) 1.55[1.33-1.81] 0.001 »
Al 200,304 (0.062%) 191 (2.61%) 0.79[0.43-1.47] 0.7 N
Anxiety disorders <18 27,335 (0.12%) 35(0.75%) 1.41[0.67-2.98] 0.7 S
>18 172,969 (0.058%) 157 (5.71%) 0.68[0.22-2.11] 0.75 s I
All 2,062,985 (0.64%) 47 (0.64%) 1.40[1.16-1.69] 0.03 -
Schizophrenia <18 37,488 (0.16%) <10 NE -
218 2025497 (0.67%) 47 (1.71%) 1.76[1.45-2.14] 0.001 »
Delirium. ) Al 303,920 (0.094%) 53 (0.72%) 0.97 [0.46-2.04] 0.9 S S
elirium, dementia, or — _yq 3,950 (0.017%) <10 NE -
other cognitive disorder
>18 299,970 (0.10%)  53(1.93%) 1.20[0.57-2.52] 0.8 S I
- o Al 9,549 (0.003%) 33 (0.45%) NE -
_Sl_JlClde or self-inflicted <18 1,072 (0.0047%) <10 NE _
injury
>18 8,477 (0.0028%) 24 (0.85%) NE -
All 556,635 (0.17%) 105 (1.42%) 1.25[0.84-1.87] 0.8 I
Alcohol abuse <18 10,432 (0.046%) <10 NE -
>18 546,203 (0.18%) 99 (3.62%) 1.51[1.01-2.26] 0.1 | -
All 447,910 (0.14%)  125(1.70%) 0.93[0.58-1.51] 0.9
Substance Abuse <18 19,818 (0.087%) <10 0.77[0.29-2.08] 0.8 gj
218 428,093 (0.14%) 120 (4.37%) 1.07[0.62-1.84] 0.9
Al 25,316 (0.0078%) <10 0.65[0.09-459] 0.9
Personality disorders <18 2,335 (0.010%) <10 2.11[0.29-15.19] 0.8
218 22,981 (0.0076%) <10 NE -
Al 12,796 (0.004%)  52(0.71%) 2.80[0.69-11.27] 0.4
Developmental <18 1,340(0.0059%) 15 (0.33%) NE -
Disorder
218 11,456 (0.0038%) 37 (1.35%) 7.16[1.79-28.59] 0.03
Al 239,863 (0.074%) 34 (0.46%) 0.43[0.20-0.96] 0.1 .
Adjustment Disorder <18 39,401 (0.17%) 18 (0.40%) NE -
218 200,462 (0.067%) 16 (0.58%) 1.05[0.41-272] 0.9 [
Al 61,210 (0.019%) NE 0.52[0.33-0.84]] 0.04 N —
Impulse Disorder <18 24,288 (0.11%) <10 NE -
>18 36,923 (0.012%) <10 2.80[0.91-8.58] 0.2 B
All 54,840 (0.017%) 86 (1.17%) 0.06 [0.00-0.43] 0.03
ADD/ADHD <18 42,785 (0.19%) 31(0.69%) 0.09[0.01-0.64] 0.08
218 12,055 (0.0040%)  55(2.01%) NE -
Dicordere di . Al 22,054 (0.0068%) 14 (0.31%) 0.89[0.37-2.15] 0.9 [
cr';z;];:; lagnosedin - <g 16,041 (0.071%)  14(0.31%) 0.72[0.23-223] 0.8 - .
>18 6,013 (0.0020%) <10 NE -
o Al 178,094 (0.055%) 28 (0.40%) 0.53[0.24-1.19] 0.2 S
3‘;%2?0“'6“ <18 22,751 (0.10%) 19(0.41%) 2.37[0.76-7.43] 0.2 1 .
218 155,343 (0.052%) <10 0.86[0.32231] 0.9 E—
T T T T T T TT T T T |
0.02 0.04 0.08 0.17 0.42 0.84 1.49 4.19 8.37 16.74 28.59

Odds Ratio (log scale)

Figure 1. Association between primary admission for MH disorders and AD. Survey logistic regression models were constructed with MH disorders
as the independent variable and AD as the dependent variable. Odds ratios and 95% Cls were estimated. Multivariate models included race/ethnicity,
age, and sex as covariates. Adjusted odds ratios and 95% Cls were estimated. Forest plots of the aORs and 95% Cls are presented.

with mood disorders, delirium/cognitive disorders, and anxiety dis-
orders accounting for the most excess LOS associated with MH dis-
orders. For patients admitted primarily for an MH disorder with
AD as a comorbidity, increased LOS was not associated with any de-
mographic factors.

Impact of AD on Inpatient Mortality

Patients who were admitted primarily for an MH disorder had sim-
ilar inpatient mortality in those with versus without AD (Table 4).

None of the MH disorders demonstrated higher rates of mortality
in AD patients.

DISCUSSION

The present study found strong associations between AD and nu-
merous MH disorders in both children and adults. In particular,
AD was associated with higher odds of primary admission for mul-
tiple MH disorders, including mood disorders, schizophrenia, and
developmental disorders. Associations of MH disorders among
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AD
. No Yes
Mental health comorbidity  Age (yr)
Freq Freq
aOR (95%Cl) P
(%) (%)
Al 57,946,483 (17.93%) 14,981 (16.36%) 1.30[1.25-1.36] 0.0002
Any mental health disorder <18 1,753,062(7.71%) 2762 (5.74%) 1.13[1.03-125] 0.02
218 56,193,421 (18.70%) 12,097 (28.15%) 1.64 [1.56-1.73] 0.0002 -
Al 27,664,869 (8.56%) 6,940 (7.58%) 1.24[1.17-1.32] 0.0002
Mood disorders <18 858,576 (3.77%) 830 (1.73%) 0.93[0.78-1.10] 0.5
218 26,806,293 (8.92%) 6,028 (14.03%) 1.57 [1.47-1.68] 0.0002 -
Al 11,721,898 (3.63%)  3,255(3.56%) 1.53[1.41-1.66] 0.0002 -
Anxiety disorders <18 320232 (1.45%) 499 (1.04%) 146[1.17-1.82] 0.002 -
218 11,392,665 (3.79%) 2,735 (6.36%) 1.73[1.58-1.90] 0.0002 .
Al 5148204 (159%) 1,439 (157%) 1.31[1.16-1.49] 0.0002 m
Schizophrenia <18 68,403 (0.30%) 89(0.19%)  1.35[0.84-1.90] 0.6 . .
218 5,079,801 (1.69%) 1,339 (3.11%) 1.56 [1.37-1.78] 0.0002 e
3 ) Al 12565460 (3.89%) 2010 (2.20%) 1.35[1.21-1.50] 0.0002 =
Efg":i‘t‘i'\j‘e’giesrg:j"e"ra"’r"'he' <18 27,372 (0.12%) 28(0.058%) 0.88[0.40-1.97] 0.8
218 12,538,087 (4.17%) 1,982 (4.61%) 1.41[1.26-1.57] 0.0002 .
Al 2458914 (0.76%)  813(0.89%) 0.89[0.75-1.07] 0.3
Suicide or self-inflicted injury <18 204,190 (0.90%) 200 (0.42%) 1.08[0.77-1.51] 0.7
218 2,254,724 (0.75%) 579 (1.35%)  1.27 [1.03-1.57] 0.0002
Al 9844918 (3.05%) 2,253 (2.46%) 1.21[1.09-1.34] 0.006
Alcohol abuse <18 93,562 (0.41%) 63(0.13%)  0.78[0.42-146] 0.5
218 9,751,356 (3.25%) 2,190 (5.10%) 1.34[1.20-1.48] 0.0002
Al 9,103,009 (2.82%) 2,122 (2.31%) 092[0.82-1.02] 0.2
Substance Abuse <18 247,899 (1.09%) 162 (0.34%)  0.51[0.35-0.76] 0.0002
>18 8,855,110 (2.95%) 1915 (4.46%) 1.37 [1.21-1.56] 0.0002
All 1,534,352 (047%) 484 (0.53%) 1.31[1.05-1.63]  0.03 e
Personality disorders <18 54,462 (0.24%) 42 (0.087%)  1.02[0.53-1.96] 0.9
218 1,479,890 (0.49%)  423(0.98%) 1.62[1.28-2.05] 0.0002 [
Al 1,720,933 (0.53%) 1,474 (1.61%) 1.42[1.26-1.61] 0.0002 -
Developmental Disorder <18 354,201 (1.56%) 898 (1.87%)  1.23[1.06-1.44] 0.02
>18 1,366,732 (0.45%) 572 (1.33%)  2.36[1.92-2.90] 0.0002 [
Al 903,220 (0.28%) 382(0.42%) 1.09[0.84-141] 0.6
Adjustment Disorder <18 90,370 (0.40%) 106 (0.22%)  0.87 [0.52-1.44] 0.7
218 812,850 (0.27%) 271(0.63%)  1.96 [1.44-2.65] 0.0002 S —
Al 237,861 (0.074%)  112(0.12%)  0.52[0.33-0.84]  0.02
Impulse Disorder <18 71,618 (0.31%) 59 (0.12%) 1.15[0.45-1.53] 0.7
218 166,242 (0.055%) 54(0.13%)  1.34[0.64-2.83] 05
Al 1,310,009 (0.41%) 1,348 (1.47%) 0.90[0.79-1.04] 0.2
ADD/ADHD <18 602,012 (2.65%) 992 (2.06%) 1.14[0.97-1.39] 0.2
218 707,996 (0.24%) 342(0.79%)  2.68[2.06-3.49] 0.0002 S —
) ; ) Al 208,309 (0.092%) 346 (0.38%) 0.87[0.68-1.13] 0.4
?Aﬁg;dfgjd'agmsed'" <18 165,392 (0.73%) 291 (0.62%) 1.09[0.83-1.44] 0.6
218 132,917 (0.044%) 55(0.13%)  1.42[0.64-317] 05
All 1,110,919 (0.34%) 483 (0.53%) 1.40[1.12-1.75]  0.05 —
Other psychiatric disorder <18 83,156 (0.37%) 115(0.24%)  1.11[0.69-1.79] 0.7
218 1,027,763(0.34%)  46(0.84%)  2.07[1.61-2.68] 0.0002 —_—
T T ‘
1.61 322

Odds Ratio (log scale)

Figure 2. Association between any diagnosis of an MH disorder and AD. Survey logistic regression models were constructed with MH disorders as
the independent variable and AD as the dependent variable. Odds ratios and 95% Cls were estimated. Multivariate models included race/ethnicity,
age, and sex as covariates. Adjusted odds ratios and 95% Cls were estimated. Forest plots of the aORs and 95% Cls are presented.

AD patients were younger age, nonwhite race/ethnicity, increasing
number of chronic conditions, and higher household income.
Atopic dermatitis was associated with increased LOS and cost of
hospitalization for any MH disorder and when examined individu-
ally. However, AD was not associated with increased inpatient mor-
tality among those admitted primarily for an MH disorder. Taken
together, the results of this study indicate that AD is associated with
substantially increased morbidity from MH disorders, but not inpa-
tient mortality. Moreover, AD was associated with an excess US
$180 million cost of hospitalization for an MH comorbidity.

This study expands on previous studies that demonstrated sig-
nificantly higher rates of MH disorders in persons with versus

without AD.”*?%?! A US population-based survey (National Survey
of Children's Health) found that children with versus without AD
had significantly higher prevalences of depression, anxiety, opposi-
tional defiant, and conduct disorders.® Two US population-based
surveys found that approximately 1 in 5 adults with AD met sleep
changes, interest loss, guilt, energy decrease, concentration deficit, ap-
petite loss, psychomotor agitation or retardation, suicidality criteria
for major depressive disorder (National Health and Nutrition Exam-
ination Survey) or were diagnosed by a health care provider with de-
pression (National Health Interview Survey); the odds of depression
were significantly higher in those with versus without AD even after
controlling for multiple potential confounders.” Previous studies also
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1V:\:1R3=N Survey-Weighted Linear Regression Models of LOS and Costs of Care for Hospitalization for MH

Disorders Among Patients With AD

LOS Cost of Care
Variable LSM Adjusted B (95% CI) P LSM Adjusted $ (95% CI) P
Age,y
0-17 2.10 Ref — 8.81 Ref —
18-39 2.08 —0.022 (—0.93 to 088) 0.9 8.59 —0.22 (—1.08 to 0.64) 0.6
40-59 2.03 —0.068 (—1.00 to 0.87) 0.9 8.92 0.11 (—0.75 t0 0.97) 0.8
60-79 1.87 —0.23 (—1.15t0 0.68) 0.6 9.07 0.26 (—0.56 to 1.07) 0.5
80+ 0.63 —1.46 (—8.46 to 0.53) 0.1 7.98 —0.83 (—2.91 to 1.24) 04
Sex
Female 1.82 0.16 (—0.38 t0 0.71) 0.6 8.61 —1.07 (—0.58 t0 0.37) 0.7
Male 1.65 Ref — 8.72 Ref —
Race
White 1.54 Ref — 8.45 Ref —
Black 1.60 0.061 (—0.62 to 0.75) 0.9 8.66 0.21 (—0.36 to 0.79) 0.5
Hispanic 1.38 —0.16 (—0.89 to 0.58) 0.7 7.62 —0.83 (—1.56 to —0.095) 0.03
Asian 244 0.91 (—0.064 to 1.88) 0.1 9.36 0.91 (0.18 to 1.64) 0.01
Other 1.75 0.21 (—0.57 to 0.99) 0.9 9.30 0.085 (0.065 to 1.64) 0.03
Income quartile
1st—25th percentile 1.76 —0.28 (—1.06 to 0.49) 0.5 8.49 —0.50 (—1.27 to0 0.28) 0.2
26th—-50th percentile 1.71 —0.34 (—1.11 to 0.44) 0.4 8.62 —0.36 (—1.11 to 0.39) 0.3
51st-75th percentile 1.45 —0.59 (—1.19 to 0.0067) 0.053 8.60 —0.38 (—0.97 to 0.21) 0.2
76th—99th percentile 2.04 Ref - 9.00 Ref -
Insurance
Medicaid 1.58 —0.11 (—0.77 to 0.54) 0.7 8.86 0.010 (—0.53 to 0.55) 0.9
Medicare 2.25 0.55 (—0.16 to 1.27) 0.1 8.74 —0.10 (—0.79 to 0.58) 0.8
Private insurance 1.70 Ref — 8.85 Ref —
Self-pay/other 1.30 0.17 (—0.71 to 1.06) 0.7 8.20 —0.64 (—1.36 to 0.070) 0.08
No. chronic conditions
2-5 1.85 Ref — 8.20 Ref —
6+ 1.80 —0.007 (—0.72 to 0.70) 0.9 8.53 0.30 (—0.43 t0 1.04) 0.4
Hospital location
Metropolitan, >1 million 2.28 Ref — 9.18 Ref —
Fringe/metropolitan, <1 million 1.72 —0.56 (—1.18 to 0.061) 0.08 8.57 —0.62 (—1.24 to 0.0037) 0.051
Micropolitan 2.35 0.074 (—1.02t0 1.17) 0.9 9.56 0.38 (—3.04 to —0.54) 0.005
Not metropolitan or micropolitan 0.60 —1.67 (—2.79 to —0.56) 0.004 7.39 —0.179 (—3.04 to —0.55) 0.005

LSM, least squares means.

found higher incidence of major depressive disorder in Taiwanese
adolescents/adults (1.42 vs 0.20 per 1000 person-years)** and higher
prevalence of depression in male Koreans with versus without AD
(10.4% vs 5.3%).2' A previous study from the Danish national health
registries found higher rates of depression, anxiety, and suicidal idea-
tion in the general population and increased use of antidepressant
and anxiolytic medications particularly among patients with
moderate-severe AD but no increased risk of hospitalization for de-
pression, anxiety, or suicidality.”” In contrast, we found significantly
higher odds of hospitalization primarily for all MH disorders among
those with versus without AD. The higher rates of hospitalization for
MH disorders observed in the United States, but not Denmark, may
be related to racial/ethnic disparities. This is supported by the associ-
ation of MH admissions among AD patients who were nonwhite.
However, there are likely other factors that contribute to increased
hospitalization for MH disorders in AD.

The finding that AD is associated with significantly higher rates
of multiple MH disorders has several clinical ramifications. Atopic
dermatitis patients should be screened for MH symptoms in the pri-
mary care, allergy, and/or dermatology setting and treated with or
referred for appropriate psychiatric care. Atopic dermatitis patients
with comorbid MH symptoms may warrant pharmacologic and/or
psychotherapeutic management of their MH disorders. The optimal
management approaches for such patients have not been studied.
They may also warrant earlier, more aggressive topical and/or sys-
temic treatments of their AD. However, it is yet unknown whether
more aggressive management of AD can mitigate the higher rates
of MH disorders or lower the associated morbidity of AD while be-
ing hospitalized for an MH disorder.

The relationship between AD and MH is likely bidirectional.
Atopic dermatitis may directly cause or exacerbate MH symptoms,
for example, depression, anxiety, and inattentiveness, secondary to
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1V:\:1iF'W Costs of Care, LOS, and Inpatient Mortality for AD Patients Admitted for MH disorders

No AD AD
Cost, LOS, Inpatient Cost, LOS, Inpatient
Psychiatric Comorbidity Mean (SD) Mean (SD)  Mortality, %  Mean (SD) Mean (SD) Mortality, %
Any MH disorder (without AD) 4504 (6) 8.32 (0.018) 0.33 12,112 (1298) 15.51 (1.83) 0
Anxiety 3625 (14) 6.80 (0.009) 0.05 3172 (661) 5.45 (0.70) 0
Schizophrenia or other psychotic disorders 5496 (8) 10.78 (0.023) 0.06 9642 (872) 20.37 (2.38) 0
Mood disorders 3882 (3) 6.80 (0.0084) 0.02 8976 (697) 11.57 (0.97) 0
Personality disorders 3494 (43) 6.00 (0.14) 0.02 18,575 (10) 17.74 (2.48) 0
Substance-related disorders 4461 (13) 4.99 (0.011) 0.94 6763 (2038) 5.23 (0.025) 0
Suicide or self-inflicted injury 2649 (47) 2.82 (0.097) 0.05 NA NA 0
Disorders diagnosed in childhood 4961 (67)  9.09 (0.25) 0 6916 (2168) 8.00 (2.89) 0
Alcohol use disorder 3555 (8) 4.97 (0.021) 0.11 5186 (695) 6.85 (1.62) 0
Miscellaneous MH disorders 4712 (22) 5.96 (0.052) 0.01 7836 (2959) 9.62 (3.44) 0
Adjustment disorder 2315 (9) 3.61 (0.023) 0.01 2316 (887) 416 (1.57) 0
Delirium, dementia, and other cognitive disorders 5976 (19)  8.40 (0.055) 1.75 8454 (2660) 15.42 (6.16) 0
Developmental disorders 4755 (83) 7.05 (0.41) 1.61 4200 (630) 5.36 (1.49) 0
Impulse control disorders 3993 (33) 8.88 (0.15) 0.04 9927 (3880) 22.81 (5.90) 0
ADD/ADHD 4334 (37) 9.15(0.17) 0.03 6521 (1492) 8.54 (3.66) 0

NA, not applicable.

chronic and bothersome itch, pain, sleep deprivation, self-consciousness,
and social isolation.”*>*> Many of these MH symptoms may be re-
versible with optimized management of patients' cutaneous disease,
although stress and MH comorbidity may trigger AD.*® Worsening
of skin disease by emotional factors is one of the minor diagnostic
criteria of AD from Hanifin and Rajka.”” Given the cross-sectional
nature of the study, we were unable to assess the direction of associ-
ation between AD and MH disorders.

Previous studies speculated multiple mechanisms by which AD
upregulates neuroimmune factors, for example, brain-derived neuro-
trophic factor,”® neuropeptide-induced sensitivity,”® and inflammatory
cytokines, resulting in heightened sensitivity to stimuli,”**' poor sleep,
and the subsequent development of MH disorders.”>* Sleep distur-
bance in AD might be related to chronic itch, inflammation,***
degree of atopy.”® In turn, these sleep disturbances may unmask other
psychiatric symptoms. Another potential contributor to MH disorders
in AD patients is the use of systemic corticosteroids for moderate-
severe diseases, which have been shown to cause multiple MH
symptoms.””* Unfortunately, we were not able to assess the use of sys-
temic corticosteroids and other medication history, because these were
not recorded in the NIS database. The mechanisms of relationship be-
tween AD, sleep disturbance, and MH disorders warrant further study.

Strengths of this study include an analysis of a nationally repre-
sentative sample of all-payer data for a period of 11 years with more
than 70 million records. Limitations of this study include the inabil-
ity to perform a temporal analysis of comorbidities, because date of
diagnosis was not present. We were unable to assess the medications
used before, during, or after admission. Identification of comorbid
health conditions was performed using ICD-9-CM and diagnosis-
related group codes and not by review of the health record. Some

and

MH disorders can lead to impaired self-care and nutritional disorders
with associated cutaneous eruptions, which may be misclassified as

AD. The NIS lacks the ability to classify patients by the severity of
the AD. Finally, because there were no patient identifiers, patient re-
hospitalization could not be identified.

In conclusion, AD was associated with a considerable MH burden,
especially among adults, with higher prevalence of MH disorders,
overall, and primary admissions, in particular, as well as increased
LOS and cost of hospitalization for MH disorders, although without
any substantial mortality. Future studies are needed to determine
the optimal management approaches for their AD and MH diseases.
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