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Abstract [ MOREONUINE

Objective @ CME Course

Knowledge regarding psychiatric disorders in children and adolescents with psychogenic NPub.org/cmelist
nonepileptic seizures (PNES) is limited. This study outlines the spectrum and risk of psychi-

atric disorders in childhood-onset PNES.
@ Podcast

Dr. Jon Stone talks to

Dr. Anne Sofie H.
We performed a nationwide matched cohort study of children and adolescents with PNES § to - Anne sotie Hansen
about the paper

17 years of age at the time of diagnosis between January 1, 1996, and December 31, 2014. Two “Psychiatric Disorders in
matched comparison groups were included: children and adolescents with epilepsy (ES) and Children and Adolescents
children and adolescents without PNES or epilepsy, called healthy controls (HC). Outcomes With Psychogenic

were prevalent psychiatric disorders before index (i.e., date of diagnosis or corresponding date Nonepileptic Seizures.”
for HC) and incident psychiatric disorders 2 years after index. Relative risks (RRs) were NPub.org/uryb0t
calculated and adjusted for potential confounders.

Methods

Results

We included 384 children and adolescents with validated PNES, 1,152 with ES, and 1,920 HC.
Among the cases of PNES, 153 (39.8%) had prevalent psychiatric disorders and 150 (39.1%)
had incident psychiatric disorders. Compared to the ES and HC groups, children and ado-
lescents with PNES had elevated risks of both prevalent psychiatric disorders (adjusted
RRpngs/es 1.87, 95% confidence interval [CI] 1.59-2.21, adjusted RRpngs e 5-54, 95% CI
4.50-6.81) and incident psychiatric disorders (adjusted RRpngs/gs 2.33, 95% CI 1.92-2.83,
adjusted RRpnes/mc 837, 95% CI 6.31-11.11). A wide spectrum of specific psychiatric dis-
orders displayed elevated RRs.

Conclusions

Children and adolescents with PNES are at higher risk of a wide range of psychiatric disorders
compared to children and adolescents with ES and HC. A careful psychiatric evaluation is
warranted to optimize and individualize treatment.
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Glossary

ADD = attention-deficit disorder; ADHD = attention-deficit/hyperactivity disorder; ASD = autism spectrum disorder; CI =
confidence interval; ES = epilepsy; HC = healthy controls; ICD = International Classification of Diseases; PNES = psychogenic
nonepileptic seizures; PPV = positive predictive value; RR = relative risk; SSRD = somatic symptom and related disorders.

Psychogenic nonepileptic seizures (PNES) present with in-
termittent involuntary movements, changes in consciousness,
or loss of self-control that can mimic epileptic seizures but
without the characteristic semiology and ictal epileptiform
activity on EEG found in persons with epileptic seizures."”
The diagnostic assessment is often challenging and can result
in a misdiagnosis of epilepsy (ES) and a subsequent delay of
PNES diagnosis.” The prolonged time to correct diagnosis
can cause distress and impairment of daily functioning for the
affected patients and their families.* Even when patients re-
ceive the correct diagnosis, lack of collaborative care between
the somatic and mental health departments is common, de-
spite an acknowledged link between PNES and psychiatric
disorders.>® Multidisciplinary management with an in-
tegrated psychiatric assessment and psychotherapy is the

7-10 .
Previous research has

recommended standard of care.
suggested that emotional disorders and adjustment disorders
are common in children and adolescents with PNES."?
However, recent studies indicate an occurrence of a wider
spectrum of psychiatric disorders, including neuro-

: 6,11-1
developmental disorders.”''"

At present, existing studies comprise mainly adult or small
pediatric populations recruited from highly specialized treat-
ment units, with no large-scale population-based studies
addressing the full range of psychiatric disorders in children
and adolescents diagnosed with PNES. Thus, the full range of
psychiatric disorders present in children and adolescents with
PNES is inadequately described, and further knowledge is
needed to qualify multidisciplinary management.

The aim of the current study is twofold: (1) to describe the
spectrum of psychiatric disorders in children and adolescents
diagnosed with PNES, both before the PNES diagnosis and
during a 2-year follow-up period after the PNES diagnosis,
and (2) to examine the risk of psychiatric disorders in those
with childhood-onset PNES compared to matched children
and adolescents with ES and to matched controls without
PNES or ES.

Methods
Study Design and Data

We performed a nationwide register-based cohort study of
children and adolescents S to 17 years of age living in
Denmark and registered with an incident diagnosis of PNES
during the inclusion period between January 1, 1996, and
December 31, 2014. Patients with PNES were matched to (1)
a population of children and adolescents with onset of ES and
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(2) a population of children and adolescents without PNES or
ES, called healthy controls (HC). All individuals were fol-
lowed up for 2 years after inclusion (censoring at death or
immigration from Denmark).

Each individual in Denmark is assigned a unique personal
identification number at birth or immigration (the Civil
Person Registration number), which was used to link in-
dividual information from a range of nationwide health and
social registers. Information on diagnoses registered in con-
text with inpatient and outpatient hospital contacts was re-
trieved from the Danish National Patient Register16 and the
Danish Psychiatric Central Research Register'” for all in-
cluded children and their parents. The Danish National Pa-
tient Register covers somatic inpatient contacts from 1977
with outpatient contacts and emergency room visits included
since 1995. The Danish Psychiatric Central Research Register
covers psychiatric inpatient contacts from 1970 with out-
patient contacts and emergency room visits included from

199s.

Data on parental educational level were retrieved from the
Danish Population Education Register.'"® Parental in-
formation was included as covariate information for the data
analyses as described below.

Study Population

PNES Cases

We identified all children and adolescents S to 17 years of age
registered with a diagnosis of dissociative seizures (ICD-10:
F44.5) or other and unspecified convulsions, nonepileptic
seizures (ICD-10: R56.8G) in the Danish health care registers
during the inclusion period. Individuals diagnosed before
December 31, 1995, with a possible PNES disorder (ICD-8:
300, 305, 306, 307, 308, 780; or ICD-10: F44.5, F91.8, F98.9,
R56.8) were excluded to ensure incident cases only. Fur-
thermore, individuals registered with solely an inclusion di-
agnosis (ICD-10: F44.5 or RS56.8G) at an emergency
department were excluded. We validated the PNES diagnosis
for each included individual according to an adapted version
of the International League Against Epilepsy criteria using
clinical information from medical records.'® A detailed de-
scription of the validation process has been supplied pre-
viously.”® All individuals in the PNES population were
assessed for epileptic seizures at the time of inclusion on the
basis of existing medical records including information on
neuroimaging and EEG. The index date was set as the date of
the incident hospital contact with the first registered inclusion
diagnosis of PNES as defined above.
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ES Controls

We included a comparison group consisting of children and
adolescents registered with a diagnosis of ES (ICD-10: G40.x)
during the inclusion period matched 3:1 to the PNES pop-
ulation on sex, year of birth, and year of inclusion diagnosis.
The index date was set as the date of the incident hospital
contact with the first registered inclusion diagnosis of ES.

To ensure that we included only incident cases with ES,
children and adolescents with a diagnosis of ES (ICD-8: 34S;
ICD-10: G40.x) before the inclusion period were excluded.
Furthermore, individuals with a possible diagnosis of PNES
(ICD-8: 300, 305, 306, 307; ICD-10: F44.5, R56.8G) before
their index date were also excluded from the ES controls.

HC Group

The HC group was made up of children and adolescents from
the general population matched S:1 to the PNES population
on sex and year of birth. Persons with a diagnosis of PNES
(ICD-8: 300, 305, 306, 307; ICD-10: F44.5, R56.8G) or a
diagnosis of ES (ICD-8: 34S; ICD-10: G40.x) before the
corresponding index date of the matched PNES case were not

eligible for the HC group.

Outcomes

Psychiatric diagnoses registered before the index date were
grouped into diagnostic categories as described below and
called prevalent psychiatric disorders. Psychiatric diagnoses
registered within 2 years after the index date were grouped
similarly and called incident psychiatric disorders when the
individual had no registered prevalent psychiatric disorder
within the diagnostic category. Individuals with multiple
psychiatric disorders were included in the analyses of each
corresponding diagnostic category.

According to previous studies in PNES,"**' we grouped the
registered psychiatric diagnoses in the following categories:
emotional disorders (i.e., anxiety, obsessive-compulsive disorder,
and mood disorders [ICD-10: F30-F39, F40-F42, F93, F98
(excluding F98.8C)]), adjustment disorders (i.e., stress-related
conditions, posttraumatic stress disorder, and attachment dis-
orders [ICD-10: F43, F94]), neurodevelopmental disorders (i.e.
attention-deficit/hyperactivity disorder [ADHD], attention-
deficit disorder [ADD], autism spectrum disorder [ASD], tics/
Tourette syndrome, and conduct disorder [ICD-10: F84, F88-
F89, F90-F92, F95, F98.8C]), intellectual disorders (ICD-10:
F70-F79, F80-F83), somatic symptom and related disorders
(SSRD; ICD-10: F44 [excluding F44.5], F4S, F48), personality
disorders (ICD-10: F60-F61), psychotic disorders (ICD-10:
F20-F29), eating disorders (ICD-10: FS0), self-harm (ICD-10:
X60-X84), and substance use (F10-F19) (table 1 provides cor-
responding ICD-8 codes).

Two further outcomes were defined for both prevalent and in-
cident psychiatric disorders: any psychiatric disorder was a binary
variable identifying the occurrence of any of the above defined
psychiatric disorder categories in an individual, and >2 psychiatric
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disorders was a binary variable identifying the occurrence of >2 of
the above defined psychiatric disorder categories in an individual.
In addition, we investigated diagnostic subgroups for 2 diagnostic
categories: emotional disorders (ie., anxiety disorders, mood
disorders, and obsessive-compulsive disorder) and neuro-
developmental disorders (ie, ADHD/ADD, ASD, conduct dis-
order, and tics/Tourette syndrome) (table 1 provides
corresponding ICD-10/ICD-8 codes).

Covariates

Any prevalent psychiatric disorder was defined as a binary
variable determined by the prevalence of any psychiatric
disorder before the index date as defined above.

Parental history of psychiatric disorders was defined as a bi-
nary variable determined by the registration of any psychiatric
disorder before the index date in either parent.

Parents’ highest level of education was defined as the highest
registered completed level of education at the index date for
either parent and divided into 4 levels: primary (elementary
school), secondary (high school), vocational (skilled), and

college (short-, medium-, and long-term education).

Statistical Analyses

Continuous variables are summarized by median and inter-
quartile range, while categorical variables are presented as
frequencies and percentages. For each of the outcomes listed
above, Poisson regression with robust estimation of the
standard error was used to compute relative risks (RRs) of
psychiatric disorders with PNES as the reference group.”” We
calculated both crude and adjusted RRs with corresponding
95% confidence intervals (CIs) and reported inverse RRs and
ClIs for a more intuitive interpretation. For prevalent psychi-
atric disorders, the models were adjusted for parental history
of psychiatric disorders and parents’ highest level of educa-
tion. For incident psychiatric disorders, the models were ad-
justed for any prevalent psychiatric disorder, parental history
of psychiatric disorders, and parents” highest level of educa-
tion. A Wald test was used for comparison of all 3 groups.

Sensitivity analyses stratified on sex, age at index >12 or <12
years, and coexisting epileptic seizures, and sensitivity analy-
ses on subpopulations consisting of children and adolescents
from the PNES population with (1) no comorbid epileptic
seizures, (2) a video EEG-validated PNES diagnosis, and (3)
children >12 years of age at index were performed.

Statistical analyses were performed with Stata 16 (StataCorp,
College Station, TX) on the Statistics Denmark server with
remote access. Level of significance was set to 0.0S.

Standard Protocol Approvals, Registrations,
and Patient Consents

This study was conducted in accordance with Strengthening
the Reporting of Observational studies in Epidemiology cri-
teria for observational studies. Study protocol approvals and
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Table 1 Definition of Psychiatric Disorder Categories and Subgroups

Psychiatric Disorders ICD-10 Codes ICD-8 Codes
Emotional disorders (includes anxiety, OCD and depression, bipolar F30-F39 296.x9 (excluding 296.89), 298.09, 298.19, 300.49,
disorder) F40-F42 301.19

F93, F98 (excluding
DF98.8C)

300.x9 (excluding 300.49, 300.5-300.7)

Adjustment, PTSD, and attachment disorders F43, Fo4 307, 308.4

Neurodevelopmental disorders (ASD, ADHD, tics/Tourette, ODD/CD) F84, F88-F89 299.00, 299.01, 299.02, 299.03
F90-F92, F95 306.1, 306.x9, 308.xx (excluding 306.1, 306.3,
DF98.8C 308.4)

Intellectual and specific learning disabilities

F70-F79, F80-83

311.xx, 312.xx, 313.xx, 314.xx, 315.xX, 306.1

Somatic symptom and related disorders (excluding PNES)

F44.xx (excluding
F44.5), F45, FA8

300.5-300.7
305.xx (excluding 305.8, 305.9)

Personality disorders F60, F61 301.x9 (excluding 301.19), 301.80, 301.81, 301.82,
301.84

Psychotic disorders (includes schizophrenia, schizotypal, schizoaffective, F20-F29 295.x9, 296.89, 297.x9, 298.29-298.99, 299.04,

and other psychotic disorders) 299.05, 299.09, 301.83

Eating disorders (includes anorexia nervosa and bulimia nervosa) F50 306.50, 306.58, 306.59

Self-harm X60-X84 E950-E959, E980-E989

Substance use F10-F19 291, 294.3x%, 303.x9, 303.20, 303.28, 303.90,
304.x9

Psychiatric Disorder Subgroups ICD-10 ICD-8

Emotional disorders

A. Anxiety disorders, including phobic, generalized, and A. F40, F 41, F93.1,

A. 300.0-300.02, 300.4

panic anxiety F93.2, F93.8 B. 296.x9 (excluding 296.89), 298.09, 298.19,
B. Mood disorders B. F30-F39 300.49, 301.19
C.0CD C. F42 C.300.3
Neurodevelopmental A. ADHD, ADD A. F90, F98.8C A. 308.3
disorders B. ASD B. F84 B. 299.00, 299.01, 299.02, 299.03
C. Conduct disorders C. F91 C. 308.1-308.2
D. Tic disorders D. F95 D. 306.2

Abbreviations: ADD = attention-deficit disorder; ADHD = attention-deficit/hyperactivity disorder; ASD = autism spectrum disorder; CD = conduct disorder; ICD
= International Classification of Diseases; OCD = obsessive-compulsive disorder; ODD = oppositional defiant disorder; PNES = psychogenic nonepileptic

seizures; PTSD = posttraumatic stress disorder.

registrations were obtained from the Danish Data Protection
Agency (2016-164), the Danish Health Data Authority
(FSEID 00002709), and the Danish Health Authority (3-
3013-1859), all of which all approved the study and data use.
According to Danish law, patient consents are not required for
registry-based studies.

Data Availability
All data used in the study can be obtained by applying to
Statistics Denmark.

Results

A total of 384 children and adolescents with PNES were
included in this study (female proportion 81.8%, median
age at inclusion 15.7 years [interquartile range 14.1-16.8
years]). Coexisting epileptic seizures were present in 54
(14.1%) of the children and adolescents with PNES. The 2
matched control groups consisted of 1,152 children and
adolescents with ES and 1,920 HC. As outlined in table 2,

Neurology.org/N

the cases of PNES had the highest psychiatric service use
both before the index date and within the 2-year follow-up.
Furthermore, the cases of PNES had the highest preva-
lence of parental psychiatric history. The spectrum of pa-
rental psychiatric disorders for each group is outlined in

table 3.

Risk of Psychiatric Disorders

Among the children and adolescents with PNES, 153 (39.8%)
had a prevalent psychiatric disorder at index, and 150 (39.1%)
received an incident psychiatric disorder diagnosis in the 2
years after index.

An elevated risk of any psychiatric disorder was observed in
the cases of PNES for both prevalent and incident diagnoses
compared to the ES group (prevalent: adjusted RRpngs/ks
1.87, 95% CI 1.59-2.21; incident: adjusted RRpngs/gs 2.33,
95% CI 1.92-2.83) and the HC group (prevalent: adjusted
RRpngs/mnc 5:54, 95% CI 4.50-6.81; incident: adjusted
RRpngs mc 8:37, 95% CI 6.31-11.11) (tables 4 and §).

Neurology | Volume 97, Number 5 | August 3, 2021

Copyright © 2021 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

e467


http://neurology.org/n

e468

Table 2 Characteristics of 384 Children and Adolescents With PNES and Their Matched Controls With ES and HC?

PNES (n = 384), n (%)

ES (n =1,152), n (%) HC (n = 1,920), n (%)

Age at inclusion, median (IQR), y

15.7 (14.1-16.8)

15.7 (14.1-16.8) 15.7 (14.1-16.8)

Female sex 314 (81.8) 942 (81.8) 1,570 (81.8)
Psychiatric service use before the index date 90 (23.4) 195 (16.9) 112 (5.8)
Psychiatric service use within 2 y after index date 148 (38.5) 174 (15.1) 72 (3.8)
Parental history of psychiatric disorders 141 (18.5) 358 (15.8) 446 (11.8)
Parents’ highest level of education at index date®
Primary 54 (14.1) 159 (13.8) 187 (9.7)
Secondary 9(2.3) 31(2.7) 54 (2.8)
Vocational 163 (42.5) 494 (42.9) 791 (41.2)
College 155 (40.4) 458 (39.8) 875 (45.6)
Unknown 3(0.8) 10(0.9) 13(0.7)

Abbreviations: ES = epilepsy; HC = healthy controls; IQR = interquartile range; PNES = psychogenic nonepileptic seizures.
@ Parental educational information was missing for <1% of the parents in the PNES, ES, and HC population.

Spectrum of Psychiatric Disorders

In the cases of PNES, the prevalent psychiatric disorders
consisted most frequently of adjustment disorders (17.5%),
SSRD (12.5%), neurodevelopmental disorders (11.5%),
emotional disorders (10.7%), and intellectual disabilities
(6.8%) (table 4). The most frequent incident disorders in the
cases of PNES were adjustment disorders (12.5%), emotional
disorders (9.9%), somatic symptom disorders (9.1%), and
psychotic disorders (7.4%), followed by neurodevelopmental
disorders (6.5%) (table S). In a comparison of the cases of

PNES and the ES group, the highest RRs were observed for
prevalent SSRD (adjusted RRpngses 940, 95% CI
5.31-16.64), personality disorders (adjusted RRpngs/es 2.94,
95% CI 1.17-7.36), and adjustment disorders (adjusted
RRpngs/es 2-14, 95% CI 1.60-2.86) (table 4). The risk of all
incident psychiatric disorders reported was higher in the
PNES group compared to the ES group (table 5). Comparing
the PNES group to the HC showed that higher risks were
observed for all prevalent and incident psychiatric disorders

(tables 4 and 5).

Table 3 Parental History of Psychiatric Disorders in the PNES Study Population and Their Matched Control Groups®

PNES (n = 761), n (%)

ES (n = 2,268), n (%) HC (n = 3,789), n (%)

Emotional disorders 48 (6.3) 144 (6.4) 194 (5.1)
Adjustment disorders 52 (6.8) 146 (6.4) 173 (4.6)
Neurodevelopmental disorders 16 (2.1) 25(1.1) 26(0.7)
Intellectual disabilities 0(0.0) 4(0.2) 6(0.2)
SSRD 5(0.7) 25(1.1) 32(0.8)
Personality disorders 25(3.3) 71 (3.1) 54 (1.4)
Psychotic disorders 8(1.1) 28 (1.2) 28(0.7)
Eating disorders <4 (<0.5) 7(0.3) 13(0.3)
Self-harm 9(1.2) 27 (1.2) 25(0.7)
Substance use 61 (8.0) 140 (6.2) 136 (3.6)
22 Psychiatric disorders 54 (7.1) 154 (6.8) 160 (4.2)

Abbreviations: ES = epilepsy; HC = healthy controls; PNES = psychogenic nonepileptic seizures; SSRD = somatic symptom and related disorders.
@ Information on parental history of psychiatric disorders was missing in the following number of children and adolescents from the study populations: PNES

n =7 (1.8%); ES controls n = 34 (3.0%), HC n = 46 (2.4%).
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Table 4 Prevalent Psychiatric Disorders in 384 Children and Adolescents With PNES 5 to 17 Years of Age and Their
Matched Controls With ES and HC?

PNES (n = 384) ES (n =1,152) HC (n =1,920) p Value (Wald)

Emotional disorders, n (%) 41 (10.7) 74 (6.4) 39(2.0)

Crude RR 1.66 (1.16-2.39) 5.26 (3.44-8.04) <0.0001

Adjusted RR 1.65(1.15-2.38) 5.20 (3.40-7.98) <0.0001
Adjustment disorders, n (%) 67 (17.5) 93(8.1) 37(1.9)

Crude RR 2.16 (1.61-2.89) 9.05 (6.15-13.32) <0.0001

Adjusted RR 2.14 (1.60-2.86) 8.50 (5.75-12.56) <0.0001
Neurodevelopmental disorders, n (%) 44 (11.5) 97 (8.4) 52(2.7)

Crude RR 1.36 (0.97-1.91) 4.23(2.88-6.23) <0.0001

Adjusted RR 1.37(0.98-1.92) 3.92(2.67-5.76) <0.0001
Intellectual disabilities, n (%) 26 (6.8) 70 (6.1) 27 (1.4)

Crude RR 1.11(0.72-1.72) 4.81(2.84-8.16) <0.0001

Adjusted RR 1.12(0.72-1.73) 4.50 (2.64-7.66) <0.0001
SSRD, n (%) 48 (12.5) 15(1.3) <4 (<0.2)

Crude RR 9.60 (5.44-16.95) — —

Adjusted RR 9.40 (5.31-16.64) — —
Personality disorders, n (%) 9(2.3) 9(0.8) 4(0.2)

Crude RR 3.00(1.20-7.50) — —

Adjusted RR 2.94(1.17-7.36) — —
Psychotic disorders, n (%) 11 (2.9) 34 (3.0) <4 (<0.2)

Crude RR 0.97 (0.50-1.90) - —

Adjusted RR 0.98 (0.50-1.92) — —
Eating disorders, n (%) <4 (<1.0) 15(1.3) 12(0.6)

Crude RR — — —

Adjusted RR — — _
Self-harm, n (%) 4(1.0) 13(1.1) <4 (<0.2)

Crude RR - — —

Adjusted RR — — _
Substance use, n (%) 7(1.8) 30 (2.6) 18(0.9)

Crude RR 0.70 (0.31-1.58) 1.94(0.82-4.62) 0.003

Adjusted RR 0.70 (0.31-1.56) 1.87(0.79-4.43) 0.004
>2 Disorders, n (%) 63 (16.4) 124 (10.8) 44 (2.3)

Crude RR 1.52(1.15-2.02) 7.16 (4.95-10.36) <0.0001

Adjusted RR 1.50 (1.14-1.99) 6.70 (4.62-9.70) <0.0001
Any psychiatric disorder, n (%) 153 (39.8) 245 (21.3) 132 (6.9)

Crude RR 1.87(1.59-2.21) 5.80(4.72-7.12) <0.0001

Adjusted RR 1.87(1.59-2.21) 5.54 (4.50-6.81) <0.0001

Abbreviations: ES = epilepsy; HC = healthy controls; PNES = psychogenic nonepileptic seizures; RR = relative risk; SSRD = somatic symptom and related
disorders.

Adjusted for parental history of psychiatric disorders and parents’ highest level of education.

?RRs are presented with corresponding 95% confidence intervals (Cls) and reported as inverse for a more intuitive interpretation. Each individual can be
represented in >1 of the diagnostic categories. Due to data protection rules in Denmark, observations >0 but <4 were set as <4, and RRs, corresponding Cls,
and p values based on observations <5 were set as —.
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Table 5 Incident Psychiatric Disordersin 384 Children and Adolescents With PNES 5to 17 Years of Age and Their Matched

Control Groups With ES and HC?

PNES (n =384)

ES (n=1,152)

HC (n =1,920)

p Value (Wald)

Emotional disorders, n (%) 38(9.9) 41 (3.7) 15 (0.8)

Crude RR 2.78 (1.82-4.26) 12.67 (7.04-22.80) <0.0001

Adjusted RR 2.88(1.85-4.48) 12.95 (6.80-24.64) <0.0001
Adjustment disorders, n (%) 48 (12.5) 60 (5.2) 24 (1.3%)

Crude RR 2.40 (1.67-3.45) 10.00 (6.20-16.12) <0.0001

Adjusted RR 2.26 (1.55-3.30) 9.05 (5.30-15.45) <0.0001
Neurodevelopmental disorders, n (%) 25(6.5) 30(2.6) 15(0.8)

Crude RR 2.50 (1.49-4.20) 8.33 (4.43-15.66) <0.0001

Adjusted RR 2.57 (1.47-4.48) 8.64 (4.21-17.74) <0.0001
Intellectual disabilities, n (%) 17 (4.4) 19(1.7) 5(0.3)

Crude RR 2.68(1.41-5.11) 17.00 (6.31-45.81) <0.0001

Adjusted RR 2.61(1.30-5.26) 14.14 (4.63-43.15) <0.0001
SSRD, n (%) 35(9.1) 29 (2.5) <4 (<0.2)

Crude RR 3.62 (2.24-5.84) — —

Adjusted RR 3.31(1.99-5.51) — —
Personality disorders, n (%) 19 (5.0) 17 (1.5) 6(0.3)

Crude RR 3.35(1.76-6.39) 15.83 (6.36-39.39) <0.0001

Adjusted RR 2.23(1.17-4.27) 6.59 (2.36-18.39) <0.0001
Psychotic disorders, n (%) 28(7.3) 24(2.1) 4(0.2)

Crude RR 3.50 (2.05-5.96) — —

Adjusted RR 2.70 (1.53-4.76) — —
Eating disorders, n (%) 10 (2.6) 10 (0.9) 5(0.3)

Crude RR 3.00(1.26-7.15) 10.00 (3.44-29.10) <0.0001

Adjusted RR 2.72(1.08-6.85) 8.09 (2.48-26.44) 0.0001
Self-harm, n (%) <4 (<1.0) 10(0.9) 4(0.2)

Crude RR — — —

Adjusted RR — — —
Substance use, n (%) 19 (5.0) 27 (2.3) 18 (0.9)

Crude RR 2.11(1.19-3.75) 5.28 (2.80-9.96) <0.0001

Adjusted RR 1.84(1.03-3.27) 3.91(1.98-7.73) <0.0001
22 Disorders, n (%) 53(13.8) 63 (5.5) 21(1.1)

Crude RR 2.52(1.78-3.57) 12.62 (7.70-20.67) <0.0001

Adjusted RR 2.23(1.54-3.24) 10.03 (5.72-17.58) <0.0001
Any psychiatric disorder, n (%) 150 (39.1) 174 (15.1) 72 (3.8)

Crude RR 2.59 (2.15-3.11) 10.42 (8.04-13.49) <0.0001

Adjusted RR 2.33(1.92-2.83) 8.37(6.31-11.11) <0.0001

Abbreviations: ES = epilepsy; HC = healthy controls; PNES = psychogenic nonepileptic seizures; RR = relative risk. SSRD = somatic symptom and related

disorders.

Adjusted for any prevalent psychiatric disorder, parental history of psychiatric disorders, and parents’ highest level of education.

?RRs are presented with corresponding 95% confidence intervals (Cls) and reported as inverse for a more intuitive interpretation. Each individual can be
represented in >1 of the diagnostic categories. Due to data protection rules in Denmark, observations >0 but <4 were set as <4, and RRs, corresponding Cls,

and p values based on observations <5 were set as —.
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Subtypes of Psychiatric Disorders

Figures 1 and 2 illustrate the distribution of subtypes of
emotional disorders and neurodevelopmental disorders in the
cases of PNES and the control groups, respectively. Anxiety
disorders and mood disorders were most common in the
cases of PNES when we investigated the emotional disorders
category, with anxiety disorders being the most prominent of
the incident disorders in the cases of PNES (figure 1). Among
the neurodevelopmental disorders, ADHD/ADD was the
most common prevalent and incident disorder in the cases of
PNES (figure 2).

Sensitivity and Stratified Analyses

The analyses stratified on sex, age, and the coexistence of
epileptic seizures showed similar occurrence and distribution
of psychiatric disorders among all subgroups in the PNES
population, and the calculated RRs remained comparable as
well (data not shown). Furthermore, a post hoc stratified
analyses was conducted regarding the incident psychiatric
disorders in which children and adolescents with PNES hav-
ing coexisting prevalent diagnoses of intellectual disabilities or
neurodevelopmental disorders were compared to the group of
children and adolescents with PNES having other prevalent
psychiatric diagnoses. The risk of any incident psychiatric
diagnosis was comparable for the 2 groups.

The sensitivity analyses conducted on subpopulations in-
cluded cases of PNES with the following characteristics: (1)
no coexisting ES (n = 330), (2) a video EEG-confirmed
PNES diagnosis (n = 89), and (3) age >12 years at index (n =
346). All sensitivity analyses were robust to the study findings
showing comparable results regarding the observed occur-
rence of psychiatric disorders and the calculated RRs for both

the prevalent and incident psychiatric disorders (data not
shown).

The distribution of time of first incident psychiatric diagnosis
with respect to index (0-24 months after) was heavily left-
skewed in the ES population and even more so in the PNES
population, while it was uniform for the HC. More specifi-
cally, >40% of the PNES population and =25% of the ES
controls received their first incident psychiatric diagnosis in
the 2 months after the index date, as opposed to the HC, of
whom =4% of incident psychiatric diagnoses were given each
month in the period of 0 to 24 months after the index date
(data not shown).

Discussion

This nationwide matched cohort study found that children
and adolescents with PNES have an increased risk of psy-
chiatric disorders both at the time of PNES diagnosis and in
the following 2 years compared to matched children and
adolescents with ES and matched children and adolescents
without PNES or ES. Furthermore, the study shows that
PNES in children and adolescents is associated with a wide
spectrum of psychiatric disorders.

Previous knowledge of a possible association between PNES
and psychiatric disorders in children and adolescents is ex-
panded with the results presented in this study. In our study,
39.8% had a prevalent psychiatric disorder and 39.1% received
an incident psychiatric diagnosis in the first 2 years after their
PNES diagnosis. In smaller study populations, the occurrence
of comorbid psychiatric disorders has generally been reported

Figure 1 Prevalent and Incident Emotional Disorder Subgroups in the PNES, ES, and HC Populations
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Each individual can be represented in >1 of the diagnostic subgroups. Due to data protection rules in Denmark, observations <3 were not reported. ES =
epilepsy; HC = healthy controls; OCD = obsessive compulsive disorder; PNES = psychogenic nonepileptic seizures.
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Figure 2 Prevalent and Incident Neurodevelopmental Disorder Subgroups in the PNES, ES, and HC Populations

g°
4.
9]
gl
—
o
Al
o
I a4
c
9]
€
aQ
o
9]
>
]
i}
o
S5 2
Q
c
o
c
K9]
©
>
4]
} .
o
0 A
ADHD/ ASD cDh Tics/
ADD Tourettes

B s

—~ 64
S
- M s
9]
3 L
o
0
kel
T 4-
=
9]
IS
aQ
o
(9]
>
4]
kS
5 24
9]
c
o
c
9]
kel
‘O
=
O_
ADHD/ ASD (@] Tics/
ADD Tourettes
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controls; PNES = psychogenic nonepileptic seizures.

at higher frequencies than found in our study."”"> This could
be due to the fact that most previous studies have been
conducted on highly selected populations recruited from
specialized tertiary treatment units likely consisting of cases of
more complex PNES with higher levels of psychiatric
comorbidity. The current study uses a unique nationwide
population-based cohort, resulting in less selection and a
higher degree of generalizability to all children and adoles-
cents diagnosed with PNES.

In previous studies of children and adolescents with PNES,
emotional disorders, i.e., depression (range 2.5%—63%),23’24
anxiety disorders (range 12%-83%),%*° and adjustment
disorders primarily in the form of posttraumatic stress dis-
order (range 2.7%-25.5%),%*° have been reported most
frequently. Emotional disorders and adjustment disorders
were also found to be frequent in our study, and as seen in
prior studies,”'® anxiety disorders were most prominent
among the emotional disorders. However, in addition to
existing studies, SSRD and neurodevelopmental disorders
were frequent in our study. Few prior studies have in-
vestigated SSRD in children and with
PNES,'*'>*” whereas PNES is commonly reported as as-

adolescents

sociated with other dissociative and somatoform disorders in
adults.*" Still, 2 prior studies have shown more somatic
awareness and higher scores regarding the occurrence of
unspecific somatic symptoms compared to both siblings and
children and adolescents with ES.®*® In the context of our
results, this underscores the importance of a thorough
screening for SSRDs in children and adolescents with PNES
and is in line with the recommended management of func-
tional neurologic symptoms in the adult population.29

Neurology | Volume 97, Number5 | August 3, 2021

Neurodevelopmental disorders were observed in a substantial
proportion of our cases of PNES compared to the ES and HC
groups. Previous data based on small study samples have in-
dicated even higher frequencies of ADHD than found in our
results, with numbers as high as 29.1%.° Still, ADHD repre-
sented the main proportion of neurodevelopmental disorders
in our cases of PNES. Regarding ASD, we observed an oc-
currence in the cases of PNES comparable to that found in the
ES group. To the best of our knowledge, only 1 prior study has
described the occurrence of autism in childhood-onset PNES,
reporting a prevalence of 16.9%,'" thus at a substantially
higher occurrence compared to our cases of PNES. This
could, as for ADHD, be due to a more representative sample
and less selection bias in our study, but differences in the
female proportion of the PNES study samples could also af-
fect the prevalence observed. Our study had a female pro-
portion of 81.8%, whereas the study by McWilliams et al.''
had a female proportion of 62.7%. Neurodevelopmental dis-
orders are more common among boys than among girls in the
general population,® and differences in the occurrence of
psychiatric disorders among boys and girls are important to
acknowledge in the interpretation of our results. Still, our
results showed a similar occurrence of psychiatric disorders
among boys and girls, indicating that PNES is associated with
psychiatric disorders regardless of sex.

In this study, neurodevelopmental disorders were less fre-
quent in cases of PNES after the diagnosis of PNES, while
psychotic disorders became more frequent. This could be due
to the general developmental progress of psychiatric disorders
seen in children and adolescents; our PNES population had a
median age at index of 15.7 years, with neurodevelopmental
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disorders most often being diagnosed during early childhood,
whereas psychotic disorders more commonly present in ad-
olescence or early adulthood.*

Opverall, a bidirectional relationship between PNES and psy-
chiatric disorders is suggested by our results and could be due
to shared etiologic factors for PNES and psychiatric disorders.
A multifactorial approach to PNES has been outlined that
integrates biological, psychological, and socioenvironmental
risk factors, with comorbid psychiatric disorders being pro-
posed as a true comorbidity, a predisposition, or an un-
derlying cause.”’ Psychosocial factors and psychiatric
disorders are often mentioned as closely linked to PNES, but
biological factors may also play an important role in our un-
derstanding of PNES.*! Neuroimaging studies have suggested
brain circuit malfunctioning as an explanation for the neuro-
logic symptoms of PNES due to a link between emotional
regulation and neurobiological processes,>>** and the emo-
tional dysregulation may again explain the link between PNES
and various psychiatric disorders.>* As a result, a multifactorial
biopsychosocial approach is recommended when managing
children and adolescents with PNES.

The strengths of this study include the use of population-
based nationwide data spanning 2 decades. Every Danish
citizen is covered by free public health care, and the register-
based health care data allow nationwide coverage of all hos-
pital contacts as inpatients or outpatients with a minimal loss
to follow-up, therefore reducing bias arising from sampling
and attrition. Thus, the registry data made it possible to
quantify the occurrence of psychiatric disorders in a pop-
ulation of children and adolescents with PNES included
across hospital settings, reducing the risk of selection bias
compared to previous studies of highly selected complex cases
from tertiary treatment units. In addition, the nationwide
registries enabled well-defined matched comparison groups of
children and adolescents with ES and HC.

Still, this study has important limitations. As mentioned, most
prior studies included cases from specialized tertiary treat-
ment units based on ictal video EEG-validated PNES di-
agnoses. We chose less narrow criteria with a primary focus on
clinical characteristics and witnessed semiology when vali-
dating the PNES diagnosis.20 The included cases in our PNES
study sample were nevertheless validated, showing high pos-
itive predictive values (PPVs) of the 2 inclusion diagnoses.20
Likewise, the PPV of the ES register diagnoses has been
reported as fairly high.>® Regarding the psychiatric diagnoses,
a proportion of the prevalent psychiatric diagnoses were
registered in context of somatic hospital service use, thus also
bringing into question the validity, whereas almost all incident
psychiatric diagnoses were registered in a psychiatric hospital
setting. The validity of the included psychiatric ICD-10 di-
agnoses has been investigated for some of the diagnoses,
showing varying PPVs,**** but the majority of the included
psychiatric diagnoses have not been validated in a pediatric
population. Still, children and adolescents registered with a

Neurology.org/N

psychiatric hospital contact and a psychiatric diagnosis have
been referred and are treated in a psychiatric setting due to
signs and symptoms resulting in a psychiatric diagnosis and
warranting psychiatric hospital-based care. Some level of
misclassification is likely present in the included data on
psychiatric diagnoses, but the numbers are expected to reflect
a degree of psychopathology too severe to be treated in pri-
mary care, thus demonstrating the presence of moderate to
severe mental health problems in the study populations. Fi-
nally, children and adolescents in Denmark can receive
treatment for mild mental health problems by both private
and public psychology services; however, these cases are not
registered in the national registers. Thus, a number of mild
cases treated in primary care are not included in our study,
resulting in a conservative but uncertain bias regarding the
rates of mild psychiatric disorders in the study populations.

Regarding the incident psychiatric diagnoses, some degree of
detection bias may exist in the PNES and ES populations.
These populations had a higher occurrence of cases receiving
their first incident psychiatric diagnosis in the months im-
mediately after the index date compared to the HC. This may
indicate that psychiatric disorders are more likely to be rec-
ognized in the PNES and ES populations as a consequence of
being hospitalized due to the epileptic and nonepileptic sei-
zures. However, we still expect HC with signs and symptoms
of moderate to severe mental health disorders to be referred
to psychiatric hospital-based care and thereby receive a reg-
ister diagnosis. The detection bias may therefore concern
primarily the mild cases of psychiatric diagnoses. However, we
are unable to elucidate such a possible detection bias further
within the present study design.

The study included comparison groups, and matching was
used to avoid possible confounding introduced by differences
in sex and age distribution and year of inclusion in the 3 study
populations and to increase the internal validity of the find-
ings. It should be noted that the children and adolescents with
ES and the HC represent highly selected study samples due to
matching on sex and age, and it is important not to generalize
the numbers reported in this study to all cases of ES or chil-
dren and adolescents from the general population. We did not
exclude children and adolescents on the basis of their degree
of intellectual disabilities, and we did not include this in our
matching criteria. However, we wished the analyses to reflect
the broad spectrum of cases found in the general population,
including the variation in comorbidity from intellectual dis-
ability. Higher rates of severe intellectual disabilities may exist
in children and adolescents with ES, and this may be associ-
ated with higher rates of psychiatric morbidity. Still, our re-
sults showed that children and adolescents with PNES have a
higher risk of psychiatric comorbidity than children and ad-

olescents with ES.

Children and adolescents with PNES are at a higher risk of
psychiatric disorders both before and in the 2 years after their
PNES diagnosis compared to matched children and
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adolescents with ES and HC. This study provides evidence
that childhood-onset PNES is associated with a wide spec-
trum of psychiatric disorders, underscoring the need for a
careful psychiatric assessment to optimize and individualize
the treatment plan. The high risk of psychiatric disorders after
the PNES diagnosis indicates a need for systematic follow-up
with a repeated psychiatric assessment to ensure continued
suitability of the provided treatment.
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