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Objective: DiGeorge Syndrome (DGS) is a common multisystem disorder associated with deletions on chromosome
22q11.2. Our objective is to evaluate the psychiatric comorbidities and demographics of patients suffering from DGS
in a nationally representative dataset on inpatient hospitalizations.

Methods: The Nationwide Inpatient Sample for the year 2005—2017 was used for this study. Data on patients with
DiGeorge syndrome were collected by using the International Classification of Diseases code. Univariate and multi-
variate logistic regression analysis was performed.

Results: In our study, the average age was 30.4 years (n = 6,563), with 59.9% male, and 61.8% of patients were
white. There was a high prevalence of mood disorders (24.7%) and anxiety disorders (16.4%), followed by schizo-
phrenia and other psychotic condition (14.0%). In patients with mood disorders, 8% had Major Depressive Disorder,
and 7% had bipolar depression. Overall composite of psychiatric comorbidities was present in 2,959 (45.1%) of patients.
The mean length of stay was 6.58 days, and 77% of patients had routine discharge to home. In the adjusted analysis,
the average length of stay was 8.6 days vs. 6.7 days (p < 0.001) in patients with and without psychiatry comorbidities.
In comparison to routine discharge, patients with psychiatry comorbidities were more likely to be discharged to other
healthcare facilities (odds ratio [OR]: 1.28, p < 0.001) and discharged against medical advice (OR: 3.45, p < 0.001).
Conclusion: Patients with DGS have worse outcomes with a higher rate of discharge to other healthcare facilities and
a higher rate of being discharged against medical advice. Further large scale randomize studies are indicated.
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INTRODUCTION

DiGeorge Syndrome (DGS) is a multisystem disorder
due to deletions on chromosome 22q11.2 [1]. It is one of
the more common disorders of recurring copy number
variants has an estimated prevalence of 1 in 4,000 live
births [2]. Ninety percent of these deletions are the result
of spontaneous events while the remaining 10% have an
affected parent with no gender differences [3-5]. Typical
features include developmental disabilities, learning dis-
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abilities, cardiac malformations, oronasal abnormalities,
endocrine and metabolic disturbances, typical facial fea-
tures and behaviors and psychiatric comorbidities [6,7].
Psychiatric phenotype has been a focus of study due to
their frequent and often pronounced presence in DGS [8].
Common psychiatric comorbidities seen in DGS are anxi-
ety disorder such as specific and social phobias, general-
ized anxiety disorder, attention-deficit hyperactivity dis-
order (ADHD), obsessive-compulsive disorder (OCD),
schizophrenia, major depressive disorder, persistent de-
pressive disorder (dysthymic disorder) and autistic dis-
orders (ASD) [8,9]. Psychiatric disorders are rare in chil-
dren but relatively common during adulthood with a
40.7% prevalence of depressive disorders in young adults
(18 —24-year-old), 32.1% prevalence of psychotic dis-
orders in adults 24 years or older [8]. Fung et al. [10] stud-
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ied the prevalence of major psychiatric disorders in 40 in-
dividuals with DGS between ages 20 to 57 years and
found 22.5% of the subjects had schizophrenia or schizo-
affective disorder with a mean age of onset of 22 years.
This is significantly higher than the general population
with a prevalence of 1.2% (p < 0.0001) [10]. In a large
on-going study that recruited 20 individuals (12 females
and 8 males) between 5 —33 years of age and with a con-
firmed diagnosis of DGS, 13 individuals had a diagnosis
of ADHD and or ASD [11]. In a serial study of 43 partici-
pants with DGS, Gothelf et a/. [12] identified 32.6% of the
participants met full DSV-IV (Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition) criteria for
OCD. Using an inpatient hospital admission dataset, we
studied the psychiatric comorbidities and demographics
of patients with DGS. The objective of this study is to eval-
uate the prevalence of psychiatric comorbidities in adults
with DiGeorge Syndrome. We also looked at the factors
associated with these comorbidities.

METHODS

Data Source

For the purposes of this study we used the Nationwide/
National Inpatient Sample (NIS) from the year 2005 —
2017. The NIS is part of the databases and software tools
developed for the Healthcare Cost and Utilization Project,
sponsored by the Agency for Healthcare Research and
Quality. The NIS dataset has 20% stratified random sam-
ple of all hospital discharges in the United States and it in-
cludes all patients irrespective of the insurance status
[13]. It has data on more than 7 million hospital stays.
Each record contains information on primary (reason for
hospitalization) and secondary diagnoses and proce-
dures, patient demographic characteristics, hospital char-
acteristics, expected payer, discharge status, length of
stay, severity and comorbidity measures. Also, for each
record discharge level weights are provided to obtain na-
tional estimates. The Institutional Review Board (IRB) ap-
proval was not required, as it does not contain protected
health information (PHI).

Data Collection

Data on patients with DiGeorge syndrome were col-
lected from January 2005 to December 2017 by using di-
agnosis codes according to International Classification of

Diseases, Ninth Revision, Clinical Modification/Procedure
Coding System (ICD-9-CM) and International Classification
of Diseases, Clinical Moadification, Procedure Coding
System (ICD-10-CM/PCS). Our targeted population was
obtained by using ICD code 27911 and D821 in the pri-
mary (DX1) and secondary diagnosis variables. Among
this patient population, we used ICD code based on
Clinical Classifications software of the NIS dataset [13] for
mood disorder, anxiety disorder, schizophrenia and other
psychotic disorder, adjustment disorder, personality dis-
order, ADHD and other conduct disorder, substance re-
lated disorder, alcohol related disorder, miscellaneous
mental health disorders, and impulse control disorders.

Data were collected on age, gender, race, discharge
disposition, comorbidities, hospital geographical region,
and length of stay. In addition, we collected a data on se-
verity of illness category from APR-DRG severity (All
Patients Refined Diagnosis Related Groups Severity of ill-
ness subclass) variable. All Patient Refined DRGs (APR-
DRGs) are assigned using software developed by 3M
Health Information Systems. Severity of Iliness defined as
the extent of physiologic decompensation or organ sys-
tem loss of function.

Statistical Analysis

Continuous data are presented as mean (standard error)
and as counts and percent if categorical. Descriptive anal-
ysis was performed for patients aged = 18 years and pre-
sented in a table format. Univariate and multivariate logis-
tic regression analysis was performed to evaluate the vari-
ables associated with psychiatric comorbidities. In the
multivariate analysis, age, sex, race and illness severity
were included. For the length of stay analysis, adjustment
was also performed for hospital characteristics (bed size,
location and unique hospital identifier). Odds ratio (OR)
and 95% confidence interval was generated for age, sex,
race, severity of illness, discharge disposition and length
of stay. Collinearity was assessed using variance inflation
factors (VIFs). For variables with < 5% missing data, the
missing values were replaced with the dominant category
[14]. Missing value was considered as a separate category
for race because of more than 5% of the data was missing.
All tests were 2-sided, and a pvalue < 0.05 was consid-
ered statistically significant. The statistical analysis was
performed using the SPSS version 26.0 for Windows (IBM
Software Inc., Armonk, NY, USA).
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RESULTS

Average age was 30.4 years (n = 6,563) with 59.9%
male and 61.8% patients were white. Baseline character-
istics of the study population is shown in Table 1 and psy-
chiatric comorbidities are shown in Figure 1. There was
high prevalence of mood disorders (24.7%) and anxiety
disorders (16.4%), followed schizophrenia and other psy-
chotic condition (14.0%). In the patients with mood dis-
orders, 8% had Major Depressive Disorder and 7% had
bipolar depression. Suicidal ideation was present in 4.9%
and suicidal attempt in 0.40% of patients. Majority of the
patients (70%) had major to extreme loss of function
based on illness severity categories. Substance related dis-
orders were prevalent in 5.0% and alcohol related dis-
order were prevalent in 1.9% of patients. In total psychi-
atric comorbidities were present in 2,959 (45.1%)
patients. Despite high prevalence of psychiatric co-
morbidities, inpatient psychiatric admissions accounted
for 13.3% (n = 870) of the patients. Mean length of hospi-
tal stay was 6.58 days. The vast majority of patients (77%)
had routine discharges to home. Death occurred in 1.9%
(126) of patients. Geographically, southern United States
had the highest number of patients. Intellectual disability
was prevalentin 16.5% (n = 1,084) of patients. There was
a high prevalence of hypertension, hypothyroidism,
chronic pulmonary disease, coagulopathy and valvular
heart diseases in the study sample.

Factors Associated with Psychiatric Comorbidities

To assess the variables associated with psychiatric co-
morbidities age, sex, race and illness severity were in-
cluded in all the multivariate analyses (Table 2). Increase

Mood disorder

Anxiety disorder

Schizophrenia/other psychotic disorder
Substance related disorder

ADHD and other conduct disorder
Miscellaneous mental health disorders
Personality disorder

Impulse control disorders

Alcohol related disorder

Adjustment disorder

Psychiatric comorbidities (composite)

Table 1. Baseline characteristic in adults

Variable

Age, 18 yr (n=6,563)

Age (yr)
Sex, female
Race

White

Black

Hispanic

Asian or Pacific Islander
Native American
Other/unknown
Missing

Length of stay
Discharge disposition

Routine

Other Health Care Facility
Against Medical Advice
Died

APR-DRG severity

Minor loss of function
Moderate loss of function
Major loss of function
Extreme loss of function

Hospital region

Northeast
Midwest
South
West

Clinical comorbidities

Chronic pulmonary disease
Coagulopathy

Diabetes, uncomplicated
Hypertension
Hypothyroidism

Liver disease

Other neurological disorders
Renal failure

Valvular disease

30.40 £ 0.14
3,929 (59.9)

4,055 (61. )
720 (11.
792 (12 )
123 (1.9)
5(0.5)
133( 0)
705 (10.7)

6.58 £0.14

5,051 (77.0)
1, 351 (20.6)
6 (0.5)
126( .9)
107 (1.6)
1,822 (27.8)
3,718 (56.6)
916 (14.0)

1,197 (1

1,755 (26.

2,236 (
(

8.2)
7)

4.1)
1,375 (21.0)

3
2
1,457 (22.2)
1,195 (18.2)
676 (10.3)
1,204 (18.3)
1,359 (20.7)
140 (
1,244 (
358 (
610 (

2.1)
19.0)
5.5)
9.3)

Values are presented as mean + standard error or number (%).
APR-DRG, All Patients Refined Diagnosis Related Groups.

45.1
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50  Fig. 1. Psychiatric comorbidities in

patients with DiGeorge Syndrome.
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Table 2. Variables associated with psychiatric comorbidities in
multivariate logistic regression analysis

Odds ratio (95%

Variable . .
confidence interval)

p value

Age 1.011 (1.007—1.016) < 0.001
Sex, female (reference: male) 1.17 (1.057—1.295)  0.002
Non-white race (reference: 0.662 (0.59—0.743) < 0.001
White)
Severity of illness (reference:
minor loss of function)
Moderate loss of function  1.324 (0.888—1.973)  0.170
Major loss of function 1.179 (0.795—1.747)  0.410
Extreme loss of function 0.873 (0.578—1.318)  0.520
Discharge disposition
(reference: routine discharge)

Other healthcare facility 1.28 (1.128—1.453) < 0.001
Against Medical Advice 3.449 (1.647—7.222) < 0.001
Death 0.375(0.236—0.597) < 0.001
Length of stay (d) 1.021 (1.015—1.027) < 0.001

in age was associated with psychiatric comorbidities (OR:
1.011, p < 0.001). Odds of having psychiatric comorbid-
ities was greater for female compared to male (OR: 1.17,
p = 0.002). In comparison to white, non-white race was
associated with less psychiatric comorbidities (OR: 0.66,
p = 0.002). There was no association between severity of
illness and psychiatric comorbidities. In comparison to
routine discharge, patients with psychiatric comorbidities
were more likely to discharged to other healthcare facility
(OR: 1.28, p < 0.001) and discharged against medical
advice (OR: 3.45, p < 0.001). There was an association
between length of stay and psychiatric comorbidities (p <
0.001). In the adjusted analysis, average length of stay was
8.6 days vs. 6.7 (p < 0.001) in patients with and without
psychiatric comorbidities. In addition, length of stay was
longer for patients with psychiatric comorbidity as the pri-
mary diagnosis (11.4 days vs. 7.04 days, p < 0.001).

DISCUSSION

The present study discusses the prevalence of psychi-
atric comorbidities in adults with 22q11.2 deletion syn-
drome using Nationwide/NIS for the years 2005—2017
with a sample size greater than six thousand (n = 6,563).
To the best of or knowledge this is the largest study on the
prevalence of psychiatric comorbidities in adults with
DGS. The sample had an average age of 30.4 years
(59.9% female and 61.8% of them Caucasian). Overall
composite of psychiatric comorbidities was present in

2,959 (45.1%) individuals.

Mood Disorders were more prevalent than anxiety dis-
orders which is consistent with findings in previous stud-
ies [8,10]. Of the subjects with Mood Disorders, 8% had
Major Depressive disorder. There was 7% prevalence of
Bipolar Disorder which is different than prior studies
which report prevalence at around 1.3%, similar to that of
the general population [17,18].

According to previous studies, anxiety disorders (24%)
are the most prevalent psychiatric comorbidity [18].
However, in this analysis, mood disorders were the most
prevalent at 24.7% followed by anxiety disorders at
16.4%.

Our analysis shows a 14% prevalence of psychotic dis-
orders, much lower than prior reports such as Schneider
et al. [15], who reported prevalence in emerging adults
(18—25) at 23.53%, young adults (26 —35) at 41.33%,
and mature adults (age > 36 years) at 41.33%. For suici-
dal behaviors we looked at suicidal ideations and at-
tempts which were at 4.9% and 0.40% respectively.
ADHD was diagnosed in 3.4% of the population, which is
similar to the 4.4% prevalence rate in the general pop-
ulation [19]. Data on prevalence of Intellectual Disability
(ID) in individuals with DiGeorge syndrome is limited. In
our study ID was present in 16.5% subjects whereas data
from the 2016 meta-analysis of international studies
found the ID prevalence of adults in general population to
range from 0.05 to 0.08% [20].

To the best of our knowledge, this is the first to provide
information about the length of stay, loss of function and
discharge disposition in patients with DiGeorge syndrome.
Exploring the length of hospital stay is important for health
care policymakers because the number of hospital days
attributed to psychiatric conditions is greater than attrib-
uted to any other medical disorder [16]. The average
length of stay in this patient population was 6.58 days. In
the adjusted analysis, the average length of stay was 8.6
days vs. 6.7 days (p < 0.001) in patients with and without
psychiatry comorbidities. Moreover, the length of stay
was longer for patients with psychiatric comorbidity as
the primary diagnosis (11.4 days vs. 7.04 days, p <
0.001). We collected data on severity of illness category
from APR-DRG severity variable and compelling finding
from our study is that 70.6% of patients with 22q11.2 syn-
drome had major to extreme loss of function based on se-
verity of illness.
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We looked into the discharge disposition and found the
majority (70%) of individuals had a routine discharge
while 20% were discharged to other health care facilities.
In the multivariate analysis, we compared the discharge
disposition of patients with psychiatry comorbidities ver-
sus without psychiatry comorbidities. In comparison to
routine discharge, Patients with psychiatry comorbidities
were more likely to discharged to other healthcare facili-
ties (OR: 1.28, p < 0.001) and discharged against medi-
cal advice (OR: 3.45, p < 0.001). To compare geographical
distribution, we divided the United States into 4 geo-
graphical regions: The Northeast, Midwest, South, and
West. The South had the highest reported cases at 34.10%
while the northeast had the lowest reported cases at
18.20%.

We used the NIS as a nationally representative sample
of patients diagnosed with DiGeorge syndrome. We ap-
plied sampling weights to generalize estimates for co-
morbidity prevalence. The inpatient outcomes are gen-
eralizable to a bigger population than the sample studied.
The NIS data set was a large sample size because we in-
cluded 6,563 individuals with 22q11.2 syndrome. This
dataset is subject to minimal reporting bias, and all in-
formation is coded independently of the individual practi-
tioner, making it a potentially more reliable source. To
our knowledge, this is the first study that reports in-
formation about the length of stay, geographical dis-
tribution and discharge disposition of patients with DGS.

The limitation for using hospitalization (and not patient)
as the unit of analysis is that it is not generalizable to all
patients with DiGeorge syndrome. There may have been
under reporting of chronic comorbidities in the NIS data
because the administrative database was used. Hence,
clinical data were not incorporated into the data source.
We recommend that future research examine the influ-
ence of psychiatric comorbidities with clinical data.

B Funding

None.

B Conflicts of Interest

No potential conflict of interest relevant to this article
was reported.

B Author Contributions

Conceptualization: Chintan Trivedi, Hiren Patel, Ramu

Vadukapuram. Data acquisition: Chintan Trivedi. Formal
analysis: Chintan Trivedi. Funding: None. Supervision:
Zeeshan Mansuri, Kanwarjeet Singh Brar, Uzma Beg, Jigar
Patel, Aalamgeer Ibrahim, Muhammad Khalid Zafar.
Writing —original draft: Chintan Trivedi, Ramu Vadukapuram,
Hiren Patel, Zeeshan Mansuri. Writing —review & editing:
Chintan Trivedi, Ramu Vadukapuram, Hiren Patel, Zeeshan
Mansuri, Kanwarjeet Singh Brar, Uzma Beg, Jigar Patel,
Aalamgeer Ibrahim, Muhammad Khalid Zafar.

B ORCID
Hiren Patel https://orcid.org/0000-0002-8225-6792
Ramu Vadukapuram
https://orcid.org/0000-0002-3261-1792
Zeeshan Mansuri  https://orcid.org/0000-0002-7232-6136
Chintan Trivedi https://orcid.org/0000-0001-5402-5607
Kanwarjeet Singh Brar
https://orcid.org/0000-0002-1121-849X
https://orcid.org/0000-0003-4776-5484

https://orcid.org/0000-0001-6786-5226

Uzma Beg

Jigar Patel

Aalamgeer Ibrahim
https://orcid.org/0000-0003-4494-1331

Muhammad Khalid Zafar
https://orcid.org/0000-0001-9808-9303

REFERENCES

1. de Boer J, Boot E, van Gils L, van Amelsvoort T, Zinkstok J.
Adverse effects of antjpsychotic medication in patients with
22q11.2 deletion syndrome: a systematic review. Am J Med
Genet A 2019,179:2292-2306.

2. Jonas RK, Montojo CA, Bearden CE. The 22q11.2 deletion
syndrome as a window into complex neuropsychiatric dis-
orders over the litespan. Biol Psychiatry 2014,75:351-360.

3. McDonald-McGinn DM, Zackai EH. Genetic counseling for
the 22q11.2 deletion. Dev Disabil Res Rev 2008;14:69-74.

4. Bassett AS, Marshall CR, Lionel AC, Chow EW, Scherer SW.
Copy number variations and risk for schizophrenia in 22q11.2
deletion syndrome. Hum Mol Genet 2008;17:4045-4053.

5. McDonald-McGinn DM, Tonnesen MK, Laufer-Cahana A,
Finucane B, Driscoll DA, Emanuel BS, et al. Phenotype of the
22q11.2 deletion in individuals identified through an affected
relative: cast a wide FISHing net! Genet Med 2001,3:23-29.

6. Mosheva M, Korotkin L, Gur RE, Weizman A, Gothelf D.
Effectiveness and side effects of psychopharmacotherapy in
individuals with 22q11.2 deletion syndrome with comorbid
psychiatric disorders: a systematic review. Eur Child Adolesc
Psychiatry 2020:29:1035-1048.

7. Bassett AS, McDonald-McGinn DM, Devriendt K, Digilio MC,
Goldenberg P, Habel A, et al.; International 22q11.2 Deletion



DiGeorge Syndrome and Psychiatric Comorbidities 503

Syndrome Consortium. Practical guidelines for managing pa-
tients with 22q11.2 deletion syndrome. J Pediatr 2011,159:
332-339.el.

. Green T, Gothelf D, Glaser B, Debbane M, Frisch A, Kotler M,

et al. Psychiatric disorders and intellectual functioning thro-
ughout development in velocardiofacial (22q11.2 deletion)
syndrome. | Am Acad Child Adolesc Psychiatry 2009:48:
1060-1066.

. Antshel KM, Fremont W, Roizen NJ, Shprintzen R, Higgins

AM, Dhamoon A, et al. ADHD, major depressive disorder,
and simple phobias are prevalent psychiatric conditions in
youth with velocardiofacial syndrome. | Am Acad Child
Adolesc Psychiatry 2006;45:596-603.

. Fung WL, McEvilly R, FongJ, Silversides C, Chow E, Bassett A.

Elevated prevalence of generalized anxiety disorder in adults
with 22q11.2 deletion syndrome. Am J Psychiatry 2010;167:
996.

. Niklasson L, Rasmussen P, Oskarsdéttir S, Gillberg C. Chromosome

22q11 deletion syndrome (CATCH 22): neuropsychiatric and
neuropsychological aspects. Dev Med Child Neurol 2002,
44:44-50.

. Gothelf D, Presburger G, Zohar AH, Burg M, Nahmani A,

Frydman M, et al. Obsessive-compulsive disorder in patients
with velocardiofacial (22q11 deletion) syndrome. Am J Med
Genet B Neuropsychiatr Genet 2004;126B:99-105.

. Overview of the National (Nationwide) Inpatient Sample

(NIS) [Internet]. Rockville: Agency for Healthcare Research
and Quality; [cited at 2020 Aug 12]. Available from:
https./www. hcup-us.ahrq.gov/nisoverview.jsp.

14.

15.

16.

17.

18.

19.

20.

Harrell FE. Regression modeling strategies: with applications
to linear models, logistic regression, and survival analysis.
New York:Springer;2010.

Schneider M, Debbané M, Bassett AS, Chow EW, Fung WL,
van den Bree M, et al. Psychiatric disorders from childhood to
adulthood in 22q11.2 deletion syndrome: results from the
International Consortium on Brain and Behavior in 22q11.2
Deletion Syndrome. Am J Psychiatry 2014,171:627-639.
DeFrances CJ, Golosinskiy A, Hall MJ, Schwartzman A,
Williams SN. National hospital discharge survey; 2007
summary. Hyattsville:National Center for Health Statistics;2010.
Antshel KM, Shprintzen R, Fremont W, Higgins AM, Faraone
SV, Kates WR. Cognitive and psychiatric predictors to psy-
chosis in velocardiofacial syndrome: a 3-year follow-up
studly. | Am Acad Child Adolesc Psychiatry 2010,49:333-344.
Jolin EM, Weller RA, Jessani NR, Zackai EH, McDonald-
McGinn DM, Weller EB. Affective dlisorders and other psychi-
atric diagnoses in children and adolescents with 22q11.2
Deletion Syndrome. | Affect Disord 2009;119:177-180.
Kessler RC, Adler L, Barkley R, Biederman ], Conners CK,
Demler O, et al. The prevalence and correlates of adult
ADHD in the United States: results from the National
Comorbidity Survey Replication. Am J Psychiatry 2006;163:
716-723.

McKenzie K, Milton M, Smith G, Ouellette-Kuntz H.
Systematic review of the prevalence and incidence of in-
tellectual disabilities: current trends and issues. Curr Dev
Disord Rep 2016,3:104-115.





