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Background
Studies have reported elevated rates of dissociative symptoms
and comorbid dissociative disorders in functional neurological
disorder (FND); however, a comprehensive review is lacking.

Aims
To systematically review the severity of dissociative symptoms
and prevalence of comorbid dissociative disorders in FND and
summarise their biological and clinical associations.

Method
We searched Embase, PsycInfo and MEDLINE up to June 2021,
combining terms for FND and dissociation. Studies were eligible
if reporting dissociative symptom scores or rates of comorbid
dissociative disorder in FND samples. Risk of bias was appraised
using modified Newcastle–Ottawa criteria. The findings were
synthesised qualitatively and dissociative symptom scores were
included in a meta-analysis (PROSPERO CRD42020173263).

Results
Seventy-five studies were eligible (FND n = 3940; control
n = 3073), most commonly prospective case–control studies
(k = 54). Dissociative disorders were frequently comorbid in FND.
Psychoform dissociation was elevated in FND compared with
healthy (g = 0.90, 95% CI 0.66–1.14, I2 = 70%) and neurological
controls (g = 0.56, 95% CI 0.19–0.92, I2 = 67%). Greater psycho-
form dissociation was observed in FND samples with seizure

symptoms versus healthy controls (g = 0.94, 95% CI 0.65–1.22,
I2 = 42%) and FND samples with motor symptoms (g = 0.40, 95%
CI −0.18 to 1.00, I2 = 54%). Somatoform dissociation was elevated
in FND versus healthy controls (g = 1.80, 95% CI 1.25–2.34,
I2 = 75%). Dissociation in FND was associated with more severe
functional symptoms, worse quality of life and brain alterations.

Conclusions
Our findings highlight the potential clinical utility of assessing
patients with FND for dissociative symptomatology. However,
fewer studies investigated FND samples with motor symptoms
and heterogeneity between studies and risk of bias were high.
Rigorous investigation of the prevalence, features and mechan-
istic relevance of dissociation in FND is needed.
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Functional neurological disorder (FND) is characterised by altera-
tions in motor and/or sensory function that are not explained
by or not compatible with identifiable neuropathology, according
to DSM-5.1 FND symptoms vary; traditionally they have been
characterised by motor symptoms (denoted here as FND-
motor; e.g. muscle weakness, paralysis, disordered movements),
seizures (FND-seizures) and sensory symptoms (FND-sensory;
e.g. numbness). Increasingly, subjective cognitive difficulties,
dizziness and auditory problems are being recognised and classified
as FND.2

Dissociative symptoms are frequently reported in FND. A
recent meta-analysis demonstrated this, but was limited by inclu-
sion of one singular measure of dissociation – thus a broader inclu-
sion of dissociation measures is needed.3 Dissociation as a
neurocognitive process has been theorised to underlie FND,
reflecting its categorisation in ICD-11, where the official term
is dissociative neurological symptom disorder;2,4,5 here, it is classi-
fied as a dissociative disorder, alongside several other dissociative
disorders, including dissociative identity disorder (DID) and
depersonalisation/derealisation disorder (DPDR).2 Nevertheless,

the conceptualisation of FND as a dissociative disorder, with dis-
sociation as a core underlying mechanism, is not universally
accepted. There is a paucity of high-quality empirical evidence sup-
porting the conclusion that dissociation is a causal process in the
generation of FND symptoms. Furthermore, there is no reference
to dissociation as a mechanism in the DSM-5 classification of
FND and so there is currently a notable and unhelpful discrepancy
between the two major classification systems. The critical need to
resolve this discrepancy necessitates more rigorous examination
of the prevalence and potential mechanistic role of dissociation in
FND in future studies.

Dissociation can broadly be viewed as the loss of control or
awareness of cognitive or physical processes that are normally
readily controlled or engaged in conscious awareness. As a
symptom it can manifest as memory disturbance, subjective discon-
nectedness from the self (depersonalisation) or external stimuli
(derealisation), loss of bodily sensation and voluntary control, or
altered sense of identity.6–9 Although dissociation is considered a
natural response to certain triggers, such as sleep deprivation or
extreme fear (especially threat to life), we focus here specifically
on pathological dissociation.8,10,11 Dissociative symptoms are seen
in a variety of psychiatric disorders;3,4,12–15 symptoms can be
chronic and severely disabling.3,8* Joint first authors.
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Dissociation has previously been partitioned into compartmen-
talisation and experiential detachment;4,16 however, recent evidence
from network analyses of dissociative experiences has extended this
to include absorption (becoming absorbed in an external stimulus
or one’s own imagination to the point of reduced awareness of
self and surroundings) and depersonalisation/derealisation.17,18 In
compartmentalisation, individuals lose the ability to govern pro-
cesses or actions over which they would normally have control; it
is theorised to underpin FND-seizures and dissociative amnesia,
for example.19 In detachment, individuals ‘detach’ from the ordin-
ary sense of integration of self, body or external environment.19

Dissociative symptoms can also be categorised as somatoform
symptoms, which are sensory (e.g. pain, loss or alteration in
sensory modalities) or motor (e.g. weakness, involuntary move-
ments), or psychoform, which relate to mental experiences such
as memory impairment or depersonalisation.20,21 Various
symptom rating scales screen for these clusters of symptoms.
Table 1 describes some of the most commonly administered
scales. The Somatoform Dissociation Questionnaire (SDQ-20), for
example, primarily assesses somatoform dissociative symptoms,20

whereas the Dissociative Experiences Scale (DES) predominantly
assesses psychoform dissociation.22 Little is currently known
about the biological processes underpinning dissociation, and
although several areas for further exploration have been highlighted
recently,15 this is a crucial direction for future research to
improve recognition, understanding and treatment of dissociative
disorders.

Dissociative symptoms contribute to morbidity in psychiatric
populations, especially in those who have experienced trauma.
The dissociative subtype of post-traumatic stress disorder (PTSD),
for example, has been associated with more severe illness.23–25

Individuals with a dissociative disorder are more likely to report
self-harm and attempted suicide relative to other psychiatric popu-
lations, and psychiatric in-patients with a history of attempted
suicide reported more severe dissociative symptoms than those
without.26 Pathological dissociation contributes heavily to health-
care spending; however, timely diagnosis and treatment can miti-
gate this cost.27 Therefore, conditions involving significant
dissociative symptom burden merit careful review with regard to
risk assessment and management.

It is possible that dissociation is a negative mediator or prognos-
tic marker in the overall clinical presentation andmorbidity of FND.
If true, a case can be made for broadening the treatment lens
through which FND is managed by incorporating assessment and

management of dissociative symptomatology. However, not
enough is known about the extent of the role that dissociation
plays in FND.

Aims

The purpose of this systematic review and meta-analysis was to
summarise the available evidence pertaining to dissociation in
FND, as a symptom, comorbid disorder and potential prognostic
marker. The primary aim was to critically appraise and report on
rates of dissociative symptoms and disorders among people with
FND. The secondary aim was to examine whether dissociation
varies in severity in different FND symptom subgroups. The third
was to report on the available data pertaining to biological and
clinical associations of elevated dissociation in FND.

Method

Protocol registration

A protocol for this review was registered on PROSPERO on 24 April
2020 (ref CRD42020173263).

Search strategy and study selection

The following databases were searched using the Ovid platform on
29 March 2020: Embase, PsycInfo and MEDLINE. The searches
were updated on 1 June 2021. Studies were eligible for inclusion if
they reported on comorbid dissociative disorder diagnoses and/or
severity of dissociative symptoms in FND populations. The search
terms for dissociation and FND are shown in the Appendix.
Further articles were identified by reviewing the references of rele-
vant systematic reviews, in addition to studies published during
the selection process. The search strategy, including Boolean opera-
tors, is shown in supplementary Box 1, available at https://doi.org/
10.1192/bjo.2022.597.

Inclusion and exclusion criteria

The inclusion criteria were as follows:

(a) studies that reported on dissociative symptoms, as measured by
validated rating scales (e.g. DES, SDQ-20)

(b) studies reporting on comorbid dissociative disorder diagnoses
based on ICD or DSM criteria (e.g. using the Structured
Clinical Interview for DSM Dissociative Disorders; SCID-D31)

Table 1 Example dissociation symptom rating scales

Rating scale Developed by Scoring Description

Somatoform Dissociation
Questionnaire (SDQ-20)

Nijenhuis et al
(1996)20

20 items; 5-point Likert-like
scale (1–5)

Measures trait somatoform dissociative symptoms
Scores ≥35 are suggestive of a dissociative disorder
Scores ≥50 are consistent with DID

Dissociative Experiences Scale
(DES)

Bernstein &
Putnam (1986)22

28 items; 0–100% for each Measures trait psychoform dissociative symptoms
Scores ≥30 are suggestive of a dissociative disorder

Multiscale Dissociation
Inventory (MDI)

Briere (2002)28 30 items; 5-point Likert-scale
(1–5)

Measures trait psychoform dissociative symptoms
Has six subscales: Disengagement; Depersonalisation;
Derealisation; Emotional constriction/numbing; Memory
disturbance; Identity dissociation
Patients scoring ≥15 on the Identity dissociation subscale likely to
have DID

Clinician Administered
Dissociative States Scale
(CADSS)

Bremner et al
(1998)29

27 items; 5-point Likert scale
(0–4); clinician
administered

Measures present-state dissociative symptoms
Has three subscales: Depersonalisation; Derealisation; Amnesia

Dissociation Questionnaire
(DIS-Q)

Vanderlinden et al
(1993)30

63 self-report items; 5-point
Likert scale (1–5)

Measures trait psychoform dissociative symptoms
Has four subscales: Identity confusion; Loss of control over
behaviour, thoughts and emotions; Amnesia; Absorption

DID, dissociative identity disorder.
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(c) participants aged 18 years or older
(d) participants with specific FND diagnostic codes reflecting ICD

or DSM criteria (supplementary Table 1)
(e) studies written in English, French, Spanish or Swedish
(f) studies published from 1 January 1980 or later, reflecting when

DSM-III was released and the term ‘conversion disorder’ was
adopted, replacing the outdated ‘hysteria’.

The exclusion criteria were:

(a) studies that explicitly stated that participants with FND had a
comorbidmajor neurological diagnosis, e.g. FND-seizures with
comorbid epilepsy

(b) studies in which participants with FNDwere included inmixed
samples with additional psychiatric or physical health diagno-
ses, without presentation of disorder-specific dissociation data

(c) reviews and meta-analyses
(d) newspaper articles, editorials, non-peer reviewed sources, con-

ference abstracts and other grey literature.

Study screening

After removing duplicates, all titles and abstracts were screened by
pairs of authors (M.C.C. and S.P. or A.S. and S.P.) and any that
clearly did not meet the eligibility criteria were removed. The full
texts of the remaining articles were then screened for eligibility by
one author (M.C.C. or A.S.); reasons for study exclusion were
documented.

Data extraction

For each study, the following information was extracted and tabu-
lated by one investigator (M.C.C. or A.S.), where available: FND
sample (e.g. seizures, motor symptoms, mixed symptoms, unspeci-
fied), control group type (e.g. non-clinical, neurological, psychi-
atric), sample size, average age, gender ratio, dissociative
symptom scales used and dissociative disorders diagnosed. Mean/
median values for dissociation scales were recorded where available,
in addition to measures of dispersion. Data from eligible studies that
additionally used objective biological measures were also extracted,
as were data on any clinical associations of dissociation in these
studies.

Quality appraisal

Studies were evaluated for quality and potential risk of bias by two
independent raters (A.S. and M.R.-A.) using modified Newcastle–
Ottawa criteria for case–control, cohort and cross-sectional
studies.32 Discrepancies were discussed and resolved, with input
from a third rater (S.P. or M.C.C.) where necessary. The criteria
used are shown in supplementary Table 2.

Synthesis method

The available data on rates of comorbid dissociative disorders, dis-
sociative symptom scores and the clinical and biological associa-
tions of dissociation were first tabulated and synthesised
qualitatively. We then conducted a meta-analysis of dissociative
symptom scale scores. In the first meta-analysis, studies were
included if they provided ‘adequate data’ (mean, standard devi-
ation) for at least one validated measure of dissociative symptoms
and control comparison. Studies with missing data were not
included in the meta-analysis. A combined ‘psychoform dissoci-
ation measure’ was created by pooling data from the DES,
Dissociation Questionnaire (DIS-Q) and Clinician Administered
Dissociative States Scale (CADSS). The DES data were used for
studies that reported more than one of these scales. The
Somatoform Dissociation Questionnaire (SDQ) was calculated

separately because it measures a different construct of somatoform
dissociation.20 Studies that gave measures of central tendency as
medians were excluded unless the authors also gave means and
standard deviations. Studies that reported data from more than
one dissociation measure or symptom subgroup were included in
each measure group. Standard errors were converted to standard
deviations according to Cochrane recommendations.33

Meta-analyses calculating dissociation scores used a random-
effects model, with restricted maximum likelihood estimation34 to
calculate heterogeneity variance τ2, Hartung–Knapp adjustments35

and Hedges’ g effect size metric, and were run onWindows 10 using
the meta-R package36 with guidance.37 Funnel plots were generated
to assess the risk of bias due to missing results. Meta regressions
incorporating risk of bias categories were used to assess confidence
in the body of evidence for each outcome.

We were able to explore the heterogeneity of our data by sub-
group analyses because our meta-analyses contained more than
ten studies. Subgroup analyses were conducted on studies that pro-
vided data for at least one FND group and a least one comparison
group. The first subgroup analysis investigated dissociation scores
by control group (healthy control, psychiatric and neurological).
The second investigated the effect of FND symptom (seizures
versus motor). Subgroup analyses applied a mixed-effects model
using the subgroup function of the meta-R package.36 All meta-ana-
lyses are displayed in forest plots. Subgroup analyses were inter-
preted using Cochran’s Q.38 I2 heterogeneity statistics were
interpreted using recommended levels.39

Results

Study selection

The results of the study selection process are shown in the PRISMA
flow diagram (Fig. 1). Seventy-five studies were included for quali-
tative review.

Study characteristics

Details for each study – participant characteristics, design, principal
findings, key strengths and weaknesses – are shown in supplemen-
tary Table 3. The majority of the included studies were case–control
prospective studies (k = 54). FND samples were predominantly
recruited in out-patient settings (k = 52). Of the FND participants,
the most prevalent symptom profile reported was FND-seizures
(n = 2160). FND-unspecified and FND-motor were the next
most reported symptom types, with 956 and 523 participants
respectively. Fifty-four studies included control groups. The most
common control groups were healthy samples (k = 28), followed
by epilepsy samples (k = 13). The mean age of FND participants
ranged from 20.5 to 50.4 years. The female:male gender ratio
ranged from 1.1:1 to 19.5:1; all studies that had male and female
participants reported a greater female: male gender ratio. There
were five studies with an all-female FND group and one with an
all-male FND group.

Quality appraisal and risk of bias

We used modified Newcastle–Ottawa Scale (NOS) criteria to rate
the quality of all cohort and case–control studies.40 For cross-sec-
tional studies, we applied an adapted version of the NOS.32

Overall, two of the case–control studies were rated as having a
very high risk of bias, 32 a high risk of bias and 20 a low risk.
Five cohort studies were rated as having high risk of bias; the
sixth was at very high risk of bias. Ten cross-sectional studies
were rated as high risk and the remaining five were at very high
risk.
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There were possible risks of bias identified across the studies;
details of the key strengths and weaknesses of each study are
shown in supplementary Tables 4–6. Examples of possible sources
of bias observed in some studies include (but are not limited to)
the following: small sample size; inadequate control for confound-
ing variables (e.g. medication, age, severe psychiatric comorbidity);
lack of control group(s); not explicitly stating that gold-standard
diagnostic measures were used or not stipulating that diagnosis
was made by a psychiatrist or neurologist; non-consecutive recruit-
ment of FND participants.

Comorbid dissociative disorders in FND samples

Table 2 presents the results of studies that reported on comorbid
dissociative disorders in FND samples. The prevalence of comorbid
dissociative disorders varied considerably across studies, with rates

ranging from 8% to 80%. The highest proportion of individuals with
a comorbid dissociative disorder was 80% in a sample of 10 partici-
pants with FND-seizures;41 the lowest was 8% in a group of 13 par-
ticipants with FND-seizures.42 The most common comorbid
dissociative disorder identified was dissociative disorder not other-
wise specified (DDNOS); the least common was dissociative fugue.
Diagnoses of dissociative amnesia, DPDR and DID were also
reported in a proportion of participants in several studies.

Dissociative symptom scale scores in FND

Table 3 details the reported scores for the subset of studies that used
validated dissociative symptom scales and presented measures of
central tendency. A small subset of studies (k = 5) did not present
measures of central tendency and are detailed only in supplemen-
tary Table 3.
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Fig. 1 PRISMA flowchart. FND, functional neurological disorder.
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Table 2 Subset of studies reporting on rates of comorbid dissociative disorders in samples with functional neurological disorder (FND)

Study FND sample (n)
Participants with
dissociative disorder, % Dissociative disorder diagnosis

Diagnostic
measure

Akyüz et al (2017)43 FND-unspecified (60) 48 Not stated DSM-IV criteria
Baillés et al (2004)44 FND-seizures (30) 50 Dissociative amnesia (n = 3); DDNOS (n = 11); dissociative

fugue (n = 1)
DSM-IV criteria

Litwin & Cardeña (2001)41 FND-seizures (10) 80 Dissociative amnesia (n = 4); DDNOS (n = 1); DPDR (n = 3) DDIS
Marchetti et al (2009)42 FND-seizures (13) 8 DDNOS (n = 1) DSM-IV criteria
Moene et al (2001)45 FND-unspecified (102) 10 DDNOS (n = 9); dissociative amnesia (n = 1) DSM-III criteria
Roelofs et al (2002)46 Multiple (50) 26 Not stated SCID-D
Scévola et al (2013)47 FND-seizures (35) 37 Not stated DSM-IV criteria
Tezcan et al (2003)48 Multiple (59) 31 DDNOS (n = 8); DID (n = 9); dissociative amnesia (n = 1) SCID-D

DDIS
Yayla et al (2015)14 FND-unspecified (54) 37 DDNOS (n = 10); dissociative amnesia (n = 8); DPDR (n = 2) SCID-D

DDIS, Dissociative Disorders Interview Schedule; DDNOS, dissociative disorder not otherwise specified; DID, dissociative identity disorder; DPDR, depersonalisation/derealisation disorder;
SCID-D, Structured Clinical Interview for DSM Dissociative Disorders.

Table 3 Dissociative symptom scale scores in samples with functional neurological disorder (FND)

Study FND sample (n) Control group (n)
Dissociation
measure(s)

FND dissociation
score, mean (s.d.)a

Control dissociation
score, mean (s.d.)a

Akyüz et al (2004)49 FND-seizures (33) Epilepsy (30) DES 29.9 (20.1) 17.6 (15.6)
CADSS 20.2 (9.9) 22.1 (3.7)

Akyüz et al (2017)43 FND-unspecified (60) DES 23.9 (14.3)
Alper et al (1997)50 FND-seizures (132) Epilepsy (169) DES 15.1 (13.5) 12.7 (10.8)
Bodde et al (2007)51 FND-seizures (22) DIS-Q-1 1.2 (0.4)

DIS-Q-2 1.6 (0.6)
DIS-Q-3 1.7 (0.8)
DIS-Q-4 1.6 (0.6)

Boesten et al (2019)52 FND-seizures; history of trauma
(148)

TSI 62.9 (13.2)

FND-seizures; No history of trauma
(69)

TSI 56.9 (13.6)

Brown et al (2013)53 FND-seizures (43) Epilepsy (24) SDQ-20 37.0 (17.0) 24.0 (7.0)
Cope et al (2017)54b FND-seizures without comorbid

epilepsy (16)
DESb 18.7 (14.3)

del Río-Casanova et al
(2018)55

FND-unspecified (43) Healthy control (42) DES 13.2 3.75
SDQ-20 36 20

Demartini et al (2016)56 FND-seizures (20) Healthy control (20) DES 17.2 (10.6) 8.2 (7.5)
SDQ-20 23.3 (9.4) 22.8 (6.9)
CDS 47.5 (46.8) 18.0 (28.7)

Demartini et al (2017)57 FND-motor (20) Healthy control (20) DES 9.9 (14.0) 3.2 (3.2)
Anorexia nervosa (20) 11.5 (11.9)

Ekanayake et al (2017)58 FND-seizures (43) Healthy control (26) DES 15.9 (12.2) n/a
PMD (59) 5.6 (5.1

FND-motor (59) DES 5.6 (5.1)
Espirito-Santo et al

(2007)59
Multiple (25) Dissociative disorder (36) SDQ-20 39.8 (14.1) 39.3 (12.0)

PTSD (49) 38.7 (11.7)
MixP (116) 29.2 (6.7)

FND-sensory (12) SDQ-20 32.3 (5.2)
FND-motor (10) SDQ-20 43.1 (16.8)
FND-mixed (3) SDQ-20 58.7 (7.2)

Espirito-Santo et al
(2009)60

Multiple (26) Dissociative disorder (39) DES 43.5 (12.2) 36 (10.1)
Somatisation disorder (40) 19.4 (11.9)
MixP (46) 18.0 (8.4)
Dissociative disorder (39) SDQ-20 39.8 (14.2) 39.3 (11.9)
Somatisation disorder (40) 31.8 (9.2)
MixP (46) 29.6 (7.1 )

Evren & Can (2007)61 Multiple (55) DES 28.8 (12.9)
Gerhardt et al (2021)62 FND-seizures (44) Healthy control (44) SDQ-20 35.5 (7.8) 21.3 (2.0)
Goldstein et al (2000)63 FND-seizures (20) Healthy control (20) DES 22.6 (16.4) 13.1 (11.8)

PAS 50.85 (7.24) 43.80 (14.73)
Goldstein et al (2006)64 FND-seizures (25) Epilepsy (19) DES 24.8 (16.5) 14.5 (10.2)
Gonzalez-Vazquez et al

(2017)65
FND-unspecified (38) MixP (292) SDQ-20 37.2 (9.4) 27.0 (8.4)

Dissociative disorder (30) 40.6 (14.6)
Guz et al (2003)66 FND-sensory (5) DES 7 (2)

FND-mixed (43) DES 26 (23)
FND-seizures (23) DES 27 (27)
FND-motor (24) DES 12 (16)

Guz et al (2004)67 Multiple (87) Somatisation disorder (71) DES 21.6 (24.5) 16.9 (17.5)
(Continued )
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Table 3 (Continued )

Study FND sample (n) Control group (n)
Dissociation
measure(s)

FND dissociation
score, mean (s.d.)a

Control dissociation
score, mean (s.d.)a

Güleç et al (2014)68 Multiple; previous suicide attempt
(33)

Healthy control (50) DES 36 (21.9) 13.3 (20.0)

Multiple; no previous suicide
attempt (61)

DES 23.0 (18.1)

Hammond-Tooke et al
(2018)69

Multiple (29) Healthy control (29) DES 14.1 (6) 6.5 (2 6)

Herrero et al (2020)70 FND-seizures (34) Healthy control (34) DES 26.5 (13.9) 8.8 (6.8)
Holper et al (2021)71 FND-Seizures, comorbid epilepsy

(25)
Epilepsy (234) WDS 83.7 (44.0) 79.4 (30.5)
Diagnosis unclear (60) 79.6 (32.4)

FND-Seizures, no-comorbid
epilepsy (62)

WDS 37.2 (48.0)

Other non-epileptic events (30) WDS 75.2 (41.0)
Irorutola et al (2020)72 FND-seizures (41) Healthy control (41) FDS 35.8 (7.8) 2.8 (3.8)
Jalilianhasanpour et al

(2019)73
Multiple (34) DES 19.5 (14.3)

Jungilligens et al
(2020)74

FND-seizures (20) Healthy control (20) DES 16.7 (18.4) 10.0 (9.4)
SDQ-20 30.1 (9.7) 21.2 (1.4)

Kienle et al (2017)75 FND-unspecified meeting criteria
for co-occurring PTSD (20)

PTSD (39) DES 19.6 38.6
Healthy control (40) 6.5
PTSD (39) SDQ-20 36.5 36
Healthy control (40) 21

FND-unspecified not meeting
criteria for co-occurring PTSD
(40)

DES 12.1
SDQ-20 28.5

Koreki et al (2020)76 FND-seizures (41) Healthy control (30) SDQ-20 38 (12.8) 21 (0.0)
MDI-DP. 11 (6.4) 5 (5.5)

Kranick et al (2011)77 FND-motor (53) Movement disorder (22) DES 6.4 (6.5) 5.6 (5.1)
Healthy control (36) 4.9 (10)

Kuyk et al (2008)78 FND-seizures (22) DIS-Q 1.9 (0.4)
Litwin & Cardeña

(2001)41
FND-seizures (10) Epilepsy (31) DES 21.8 11.1

Martino et al (2018)79 FND-seizures (10) MDD (10) DES 17.4 (17.4) 8.4 (13.8)
SDQ-20 27.3 (10.3) 3.9 (3.5)

Martino et al (2021)80 FND-seizures; history of sexual
abuse (15)

DES 34.6 (26.4)
SDQ-20 51.7 (14.9)

FND-Seizures; no history of sexual
abuse (48)

DES 14.2 (12.5)
SDQ-20 42.3 (14.4)

Mitchell et al (2012)81 FND-seizures (39) DES 20.7
Moene et al (2001)45 FND-unspecified (102) Healthy control (89) DIS-Q 1.7 (0.6) 1.5 (0.4)

MixP (278) 2.1 (0.6)
Mousa et al (2021)82 FND-seizures (17) Healthy control (20) DES 86.6 (51.5) 23.9 (20.3)
Myers al (2019)83 FND-seizures (161) Epilepsy (intractable) (96) TSI 58.2 (12.7) 58.1 (14.4)
Nistico et al (2020)84 FND-seizures (11) Healthy control (18) CADSS-Total 19.7 (12.6) 7.8 (8.2)

CADSS-DR 10.9 (6.3) 6.2 (5)
CADSS-DP 5.9 (6.1) 1.9 (3.3)
CADSS-DA 2.9 (2.0 ) 0.9 (1.1)

FND-motor (17) CADSS-Total 15 (12.9)
CADSS-DR 9.4 (7.7)
CADSS-DP 6.9 (7.3)
CADSS-DA 2.1 (2.3)

Ozcetin et al (2009)85 FND-seizures (56) Healthy control (59) DIS-Q 3.1 (0.8) 1.8 (0.5)
Ozdemir et al (2020)86 FND-unspecified (55) Healthy control (45) SDQ-20 43.4 (14.7) 25.7 (5.8)
O’Brien et al (2015)87 FND-seizures (19) Healthy control (19) DES 18.5 (16.7) 8.7 (6.2)
Perez et al (2018)88 Multiple (26) Healthy control (27) DES 19.7 (13.9) 3.3 (2.5)

SDQ-20 33.5 (10) 20.0 (0.2)
Pick et al (2020)89 FND-mixed (19) Healthy control (20) CADSS-Total 6 (8.5) 0 (1.0)

CADSS-DRb 3 (5) 0 (0.75)
CADSS-DPb 1 (3) 0 (0.75)
CADSS-DAb 1 (4) 0 (0)

Pick et al (2017)90 FND-seizures (37) Healthy control (43) SDQ-20 34 (8) 21 (2)
MDI-Dis 80 (24) 60 (16)
MDI-DP 82 (62) 47 (9)
MDI-DR 68 (44) 46 (11)
MDI-EN 63 (38) 46 (4)
MDI-ME 90 (57) 52 (19)
MDI-ID 47 (47) 47 (0)

Proença et al (2011)91 FND-seizures (20) Epilepsy (20) DES 54.3 (23.2) 22.0 ( 16.4)
Reedjik et al (2008)92 FND-unspecified (54) Affective disorder (50) DES 12 (10.9) 8.7 (7.1)

CRPS (46) 6.6 (5.8)
Affective disorder (50) SDQ-20 30.7 (8.2) 23.6 (4.5)
CRPS (46) 30.9 (9.7)

(Continued )
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Dissociative Experiences Scale22

Thirty-nine studies presented DES scores; the mean DES score
ranged from 4.71, in a sample of 17 individuals expressing multiple
unspecified FND symptoms, to 86.6, in a sample of 17 with FND-
seizures.48,82 FND-motor and FND-sensory samples endorsed
lower DES scores in several studies.48,57,58,66,77,97 Participants
without a comorbid dissociative disorder also reported lower DES
scores.14,48 Conversely, participants with FND-seizures, mixed
symptoms or comorbid dissociative disorders appeared to present
with higher DES scores relative to the other FND sub-
types.14,48,49,64,66,80,82,91,96 Although some of the highest scores on
the DES were seen in FND-seizures samples (e.g.82), this was not

a wholly consistent pattern as DES scores were low for this
symptom type in some studies.50,74,97

Scores of 30 or more suggest severe pathological psychoform
dissociation; this score is typically seen in dissociative disorders.107

Mean or median scores exceeded 30 in six separate samples: four
with the FND-seizures subtype; two with a comorbid dissociative
disorder; one with recorded prior suicide attempts; one with a
history of sexual abuse; and one with multiple symptom
types.48,60,68,80,82,91 A statistically significant elevation in DES
scores was reported in FND samples relative to controls in 18 com-
parisons, with control groups including both clinical and non-clin-
ical participants.49,55–57,63,64,68–70,87,91,93,94

Table 3 (Continued )

Study FND sample (n) Control group (n)
Dissociation
measure(s)

FND dissociation
score, mean (s.d.)a

Control dissociation
score, mean (s.d.)a

Reuber et al (2003)93 FND-seizures (98) Epilepsy (63) DES 17.2 (14.0) 8.8 (8.1)
Reuber et al (2003)94 FND-seizures – status epilepticus

(33)
Epilepsy (64) DES 18.6 (13.4) 8.8 (8.1)

Roelofs et al (2002)95 FND-unspecified (50) MixP (50) DES 11.7 (11,7) 9.1 (7.9)
SDQ-20 30.5 (8.5) 23 (3.8)
DIS-Q 1.8 (0.7) 1.8 (0.5)

Spinhoven et al (2004)96 FND-seizures (61) CPP (52) DES 8.6 (12.0)
SDQ-20 28.8 (7.4) 25.7 (9.3)
DIS-Q 0.5 (0.0)

FND-unspecified (102) DIS-Q 1.7 (0.6)
FND-unspecified (54) DES 12.0 (10.8)

SDQ-20 30.7 (8.2)
DIS-Q 1.9 (0.7)

Spitzer et al (1999)97 FND-motor (16) DES 15.9 (8.6)
FND-sensory (15) DES 17.6 (9.8)
FND-seizures (21) DES 15.3 (10.5)
Mix (20) DES 17.5 (11.4)

Steffen et al (2015)98 Multiple (45) Healthy control (45) SDQ-20 33.3 (9.5) 21.4 (1.7)
Steffen-Klatt et al

(2019)99
Multiple (82) Healthy control (82) SDQ-20 30 (9) 21 (2)

Stins et al (2015)100 FND-unspecified (12) Healthy control (12) CADSS-DSS 8.4 1.3
Tezcan et al (2003)48 Multiple; all comorbid dissociative

disorder (18)
DES 45.6 (14.1)

Multiple; no comorbid dissociative
disorder (17)

DES 4.7 (2.5)

FND-mixed (7) DES 20.6 (27.0)
FND-motor (5) DES 25.0 (28.4)
FND-seizures (26) DES 25.5 (16.4)
FND-sensory (21) DES 17.4 (14.0)

van der Hoeven et al
(2015)101

FND-motor (55) Healthy control (52) SDQ-20 27.5 (7.2) 20.9 (1.5)
Movement disorder (34) 24.4 (4.8)
Healthy control (52) DIS-Q 1.5 (0.3) 1.3 (0.2)
Movement disorder (34) 1.3 (0.3)

van der Kruijs et al
(2014)102

FND-seizures (21) Healthy control (27) SDQ-20 28.0 (6.8) 21.5 (4.7)
DIS-Q 1.6 (0.4) 1.4 (0.2)

Walther et al (2019)103 FND-seizures; ongoing symptoms
(33)

FDS 21.5 (31.5)

FND-seizures; symptoms ceased
(19)

FDS 6.5 (22)

Williams et al (2019)104 Multiple (56) DES 19.2 (14.4 )
SDQ-20 32.2 (10.1)

Wood et al (1998)105 FND-seizures (19) Epilepsy (9) DES 17.8 (11.2) 17.2 (16.4)
Xue et al (2013)106 FND-seizures (15) Healthy control (15) SDQ-20 28 (4) 20 (0)
Yayla et al (2015)14 FND-unspecified; dissociative

disorder positive (20)
DES 29.3

FND-unspecified; dissociative
disorder negative (34)

DES 9.1

CADSS, Clinician-Administered Dissociative States Scale; CADSS-DA, CADSS Dissociative Amnesia; CADSS-DP, CADSS Depersonalisation; CADSS-DR, CADSS Derealisation; CPP, chronic
pelvic pain; CADSS-DSS, CADSS Dissociative State Subscale; CDS, Cambridge Depersonalisation Scale; CRPS, Complex Regional Pain Syndrome; DES, Dissociative Experiences Scale; DIS-Q,
Dissociation Questionnaire; DIS-Q-1, Identity confusion and depersonalisation; DIS-Q-2, DIS-Q Self-control; DIS-Q-3, DIS-Q Amnesia and dissociation; DIS-Q-4, DIS-Q absorption; FDS,
Fragebogen zu Dissoziativen Symptomen; MDD, major depressive disorder; MDI, Multiscale Dissociation Index; MDI-DIS, MDI Disengagement; MDI-DP, MDI Depersonalisation; MDI-DR, MDI
Derealisation; MDI-EN, MDI Emotional numbing; MDI-ID, MDI Identity dissociation; MDI-ME, MDI Memory disturbance; MixP, mixed psychiatric disorders; PAS, Perceptual Alteration Scale;
PMD, psychogenic movement disorder; PTSD, post-traumatic stress disorder; SomD, somatisation disorder; SDQ-20, Somatoform Dissociation Questionnaire; TSI, Trauma Scale Index; WDS,
Wessex Dissociation Scale;
a. Scores in bold show the median and interquartile range. All data are rounded to one decimal point where possible.
b. Data obtained directly from the author.
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Dissociation Questionnaire30

Eight studies measured dissociation using the Dissociation
Questionnaire (DIS-Q).45,51,78,85,95,96,101,102 Five articles reported
one or more control group scores, with seven control groups in
total; the majority (four) were healthy control groups.45,85,101,102

DIS-Q scores were significantly greater in FND samples versus con-
trols in four comparisons.85,101,102 However, DIS-Q scores varied
without any clear trends across FND subtypes; in some cases,
FND group DIS-Q scores were equal to or lower than control
group scores.45,95

Trauma Symptom Inventory108

Two studies, both with participants with FND-seizures, used the
Trauma Symptom Inventory (TSI); this includes a dissociation sub-
scale.52,83 Boesten and colleagues52 observed significantly higher
TSI dissociation scores in their cohort of patients with previous
trauma compared with the non-traumatised cohort (P = 0.03),
whereas Myers et al83 did not observe an appreciable difference in
TSI dissociation scores when comparing people with epilepsy with
people with FND-seizures (P = 0.97).

Cambridge Depersonalisation Scale109

Demartini and colleagues presented data for the Cambridge
Depersonalisation Scale (CDS) in 20 individuals with FND-motor
symptoms and 20 with FND-seizures.56 Depersonalisation as mea-
sured by this scale was significantly higher in the FND-seizures than
the FND-motor group.

Clinician-Administered Dissociative States Scale29

Four studies presented state dissociation scores using the Clinician-
Administered Dissociative States Scale (CADSS).49,84,89,100 Most
scoring systems measure trait dissociation, whereas the CADSS
measures state dissociation.29 Total CADSS scores were signifi-
cantly higher in the FND group relative to controls in three
studies.84,89,100 In one study the FND group CADSS score increased
following a laboratory-based dissociation induction procedure.89 In
one study, total CADSS score was higher in the epilepsy than in the
FND-seizures group.49

Multiscale Dissociation Inventory28

Two studies used the Multiscale Dissociation Inventory (MDI).76,90

The MDI has six subscales measuring dissociation (depersonalisa-
tion, derealisation, amnesia, identity alterations, disengagement
and emotional constriction).28 Pick et al90 included all subscales
whereas Koreki and colleagues76 reported data for the depersonal-
isation subscale. Both studies investigated FND-seizures samples
compared with healthy control groups; MDI scores for FND-sei-
zures participants were significantly higher than for control
groups in both studies. Pick et al reported statistically significant ele-
vations in dissociation scores for all subscales. After controlling stat-
istically for anxiety and depression, elevations remained significant
for four subscales (disengagement, depersonalisation, derealisation
and memory disturbance).90

Perceptual Alteration Scale110

Some studies did not report significantly elevated dissociation in
FND samples. Goldstein et al measured dissociative tendencies
using the Perceptual Alteration Scale (PAS) in 20 FND-seizures par-
ticipants.63 Although the FND-seizures group had higher PAS
scores than healthy controls, this difference was not statistically
significant.

Wessex Dissociation Scale111

One study used the Wessex Dissociation Scale (WDS) in samples
with pure FND-seizures, pure epilepsy, comorbid FND-seizures
and epilepsy, ‘other non-epileptic events’ and unclear diagnoses.71

The pure FND-seizures group endorsed lower WDS scores than
the other groups.

Fragebogen zu Dissoziativen Symptomen112

Two studies used the German-version of the DES, the Fragebogen zu
Dissoziativen Symptomen (FDS).72,103 The FDS has included 16 new
domains that are mainly FND symptoms and is thus not a pure psy-
choform measure. Walther and colleagues reported a significantly
higher FDS score in FND-seizures participants with ongoing symp-
toms relative to those whose symptoms had abated.103 Irorutola
et al observed a statistically significant elevation in FDS scores in
FND-seizures participants relative to healthy controls.72

Somatoform Dissociation Questionnaire20

Twenty-four studies presented SDQ-20 scores (Table 3). A score of
35 or higher on the SDQ-20 is associated with dissociative disorders
and suggests severe somatoform dissociation.113 Thirteen samples
of FND participants had SDQ-20 scores ≥35.53,55,59,60,65,75,76,80,86

The highest scores were seen in an FND-motor sample, an FND-
mixed sample, an FND-seizures sample (in which individuals who
also reported previous sexual abuse scored far higher) and a
sample of individuals with unspecified FND symptoms.59,80,86

Relative to other FND samples, several FND-seizures samples
endorsed lower SDQ-20 scores; nevertheless, they still scored
higher than the control groups in these studies.56,79,102,106

However, this was not consistent, as four FND-seizures groups
had scores above 35.53,62,76,80

Twenty-two studies included control groups; some studies had
multiple control groups, amounting to a total of thirty different
control groups.53,55,56,59,60,62,65,74–76,79,86,88,90,92,95,96,98,99,101,102,106

Of these, five studies controlled for anxiety, depression or other psy-
chopathology.76,88,90,96,101 In eighteen studies, SDQ-20 scores were
statistically higher for FND participants relative to control
groups.53,55,59,60,65,74–76,79,86,88,90,95,98,99,101,102,106 Conversely,
SDQ-20 scores in FND groups were similar to or lower than
scores in some control group comparisons, including PTSD,
complex regional pain syndrome, dissociative disorders, chronic
pelvic pain and one healthy control group.56,59,60,75,92,96

Clinical characteristics relative to dissociation

Several studies examined the relationship between dissociation
and severity of clinical outcome in FND-seizures samples.
Statistically significant positive associations between dissociation
scores and frequency of seizures were reported in five studies
using various measures of dissociation.51,78,80,87,103 Two studies
reported significant associations between dissociation scores
and severity of ictal symptoms.90,93 Pick and colleagues observed
that MDI depersonalisation and derealisation were positively
associated with ictal mental state symptoms, whereas MDI iden-
tity dissociation was correlated with cognitive ictal symptoms;
all of these associations were significant.90 Reuber and colleagues
observed a weak but significant association between DES score
and severity of ictal symptoms; this association was no longer sig-
nificant after incorporating other psychopathological scores into
the analysis.93

Two studies measured emotion dysregulation in FND partici-
pants using the Difficulties in Emotion Regulation Scale114

(DERS).53,55 Emotion dysregulation was positively correlated with
psychoform and somatoform dissociation in an unspecified FND
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sample.55 More severe alexithymia and emotion dysregulation was
reported in a subset of FND-seizures participants who scored
higher on the SDQ-20 than the less emotionally dysregulated sub-
group.53 Elsewhere, greater alexithymia severity was seen to vary
with higher DES and SDQ-20 scores in a mixed FND sample.75

Quality of life of people with FND-seizures was significantly asso-
ciated with dissociative symptoms in two studies.81,115 Both mea-
sured quality of life using the 31-item Quality of Life in Epilepsy
Inventory (QOLIE-31).116 Individuals with higher degrees of dis-
sociation measured by the DES had worse QOLIE-31 scores than
those with lower DES scores. Two studies reported an association
between history of sexual abuse, severity of clinical presentation
and dissociation scores.80,90

One study found a significant association between psychological
dissociation and psychopathology (general psychopathology, per-
sonality disorders) in an FND-motor group.101 DES scores were sig-
nificantly higher in a sample with multiple FND symptoms who had
attempted suicide than in a group who had not.68 Significant posi-
tive associations between severity of dissociation and various psy-
chological features were reported in several samples of FND
subtypes, including measures of alexithymia, emotion dysregula-
tion, fearful attachment style and post-traumatic avoidance symp-
toms.55,75,90,104,117 Other associations included significant positive
correlations between dissociation and number of FND symptoms,
early onset of FND, in-patient treatment and rates of comorbid psy-
chiatric illnesses.14,45,96

Biological associations of dissociation in FND

The subset of studies that used objective means to study biological
associations are described in Table 4.

Structural neuroimaging

Perez and colleagues investigated cortical thickness in people with
FND by use of T1-weighted structural magnetic resonance
imaging to compare participants with FND-motor symptoms and
healthy controls.88 FND participants with higher SDQ-20 scores
(score ≥35; n = 10) had significantly reduced cortical thickness in
the left caudal (dorsal) anterior cingulate cortex (ACC) relative to
controls; this association was not present in the complete FND
cohort. Conversely, higher DES depersonalisation/derealisation
subscores correlated with increased right lateral occipital cortical
thickness in participants with FND.

Functional neuroimaging

Van der Kruijs and colleagues used functional magnetic resonance
imaging (fMRI) in two studies to investigate alterations in func-
tional connectivity in people with FND-seizures.102,118 In the first
study,118 participants with FND-seizures were compared with
healthy controls during four separate fMRI phases, comprising
pre- and post-resting states and two cognitive tasks. No significant

differences were seen between the FND-seizures group and healthy
controls during tasks. However, significant correlations were
observed between functional connectivity values and DES,
DIS-Q and SDQ-20 scores. Of note, in the FND-seizures cohort
functional connectivity was significantly higher within the ACC
and inferior frontal gyrus, which also correlated significantly with
DES scores.

In a subsequent study, participants with FND-seizures and
healthy controls underwent resting-state fMRI.102 Relative to con-
trols, those with FND-seizures were observed to have increased
co-activation of resting-state networks in frontoparietal (e.g. orbito-
frontal cortex), executive (cingulate and insular cortex), sensori-
motor (e.g. cingulate gyrus; supplemental motor cortex) and
default mode (precuneus, para-cingulate gyri) networks. There
was a significant positive correlation between increased functional
connectivity in these regions of interest in the FND-seizures
group and all dissociation scores (DES, DIS-Q and SDQ-20).

Electroencephalography

Two studies employed electroencephalography (EEG) to investigate
brain connectivity in FNDparticipants.106,117 Xue and colleagues per-
formed EEG with 15 participants with FND-seizures and 15 matched
controls; all participants additionally completed the SDQ-20.106 The
FND-seizures group had less linkage between frontal and posterior
brain areas relative to controls; no significant associations between
clustering coefficients and SDQ-20 scores were found.

Kienle et al investigated possible cortical indices of emotion
regulation in a mixed FND sample and matched controls during
an emotion regulation task.117 Participants performed one of
three emotionally arousing tasks during EEG recording and com-
pleted the SDQ-20. This protocol was repeated after a 4 week treat-
ment period of physiotherapy and psychological therapy. Both
groups had similar cortical regions of interest in response to
unpleasant or neutral stimuli, as well as similar EEG representation
during the emotion regulation task (referred to as the ‘regulation
effect’). No significant change in these findings was observed
after the treatment period; however, a significant association
between the regulation effect and SDQ-20 score was seen in the
FND group.

Skin conductance

Skin conductance is used as a metric of autonomic response to
stimuli, employed by two of our included studies.70,89 Skin conduct-
ance levels (SCL) represent baseline or tonic level of conductance of
skin, whereas skin conductance response (SCR) represents a
phasic change of skin conductance in response to a stimulus.119

Pick and colleagues measured SCL in 17 participants with mixed
FND symptoms and matched controls throughout a mirror-gazing
dissociation induction protocol.89 The FND group had greater
average SCL than the controls at all measured points of the protocol;

Table 4 Studies reporting biological correlates of dissociation in functional neurological disorder (FND)

Study FND sample (n) Control group (n) Investigation

Herrero et al (2020)70 FND-seizures (34) Healthy control (34) SCR
Kienle et al (2018)117 Multiple (19) Healthy control (19) EEG
Mousa et al (2021)82 FND-seizures (17) Healthy control (20) Sleep actigraphy
Perez et al (2018)88 FND-motor (26) Healthy control (84) T1-weighted MRI
Pick et al (2020)89 FND-mixed (19) Healthy control (20) SCL
Stins et al (2015)100 FND-unspecified (12) Healthy control (12) Postural control
Van der Kruijs et al (2012)118 FND-seizures (11) Healthy control (13) fMRI
Van der Kruijs et al (2014)102 FND-seizures (21) Healthy control (27) fMRI
Xue et al (2013)106 FND-seizures (15) Healthy control (15) EEG

EEG, electroencephalography; fMRI, functional magnetic resonance imaging; MRI, magnetic resonance imaging; SCL, skin conductance levels; SCR, skin conductance response.
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however, this group effect was not significant. No significant associa-
tions between dissociation (CADSS score) and SCL were noted.

Herrero et al studied physiological, cognitive and behavioural
emotional response to image stimuli in 34 female FND-seizures par-
ticipants and 34 matched controls.70 The DES was used to measure
dissociative tendencies. SCR amplitude was significantly lower in
the FND-seizures group than in controls in response to all images
(P = 0.04); however, in response to negative images only there was
no significant group difference. A significant negative correlation
between DES score and SCR amplitude was observed in the FND-
seizures group. A non-significant trend of increased SCR amplitude
in response to strong-arousal negative images compared with low-
arousal negative images was observed in the FND-seizures group
but not in the control group.

Sleep actigraphy

Mousa and colleagues investigated objective and subjective sleep
complaints in a sample of 17 participants with FND-seizures and
20 age- and gender-matched healthy controls; the DES measured
dissociative tendencies.82 Participants followed a daily protocol of
actigraphy and recording of state dissociative symptoms (using
the State Scale of Dissociation120), mood, number of FND-seizures
and subjective sleep quality. The FND-seizures group reportedmore
disturbed sleep overall than the control group; however, the only
significantly worse parameter was sleep quality. Objectively, partici-
pants with FND-seizures had significantly worse sleep with respect
to efficiency, awakenings and wakefulness after sleep. DES scores
were significantly higher in the FND-seizures group relative to the
control group. A multivariate linear mixed model did not find
any association between sleep parameters (sleep time and number
of awakenings) and state dissociation the following day.

Postural control

Stins and colleagues investigated postural control in a sample of par-
ticipants with FND and matched controls.100 Participants were
asked to stand on a stabilometric platform under various conditions
(eyes open, eyes closed and while performing a mental arithmetic
task with their eyes open). Physicians administered the CADSS to
assess state dissociation. The degree to which participants swayed
on the platform under the different conditions was recorded. A
greater radius of swaying was noted in the FND group relative to con-
trols; this was more pronounced during the eyes-closed procedure.
Distraction using the arithmetic task improved postural stability in

the FND group. A significant correlation between dissociative symp-
toms and postural instability was observed, with higher dissociative
scores associated with postural instability during the eyes-closed pro-
cedure. However, this was a total sample observation (participants
with FND and controls), and this correlation became insignificant
when examined in the two groups separately.

Meta-analysis of dissociative symptom scale scores
Somatoform dissociation: FND versus healthy controls

Figure 2 displays results obtained from a meta-analysis comparing
SDQ-20 scores of samples with FND and healthy controls (k = 9,
n = 659). A higher score indicates a greater level of somatoform dis-
sociation. The variance between groups was substantial (I2 =
85.5%), indicating a substantial degree of heterogeneity between
the studies. A funnel plot of data available for this meta-analysis
is presented in supplementary Fig. 1. It shows asymmetry, which
could indicate publication bias. However, this plot also includes a
study (Demartini et al56) identified in sensitivity analyses as a poten-
tial outlier. When this study was removed, the prediction interval
shifted to above zero (0.47–3.31, g = 1.80, 95% CI 1.25–2.34, I2 =
75%), although heterogeneity between studies was only reduced to
75%. Supplementary Figs 2 and 3 shows the forest and funnel
plots whenDemartini et al is removed. In the original meta-analysis,
all studies were case–control, five were at high risk of bias and four
were at low risk of bias (Demartini et al gave data for participants
with motor symptoms and seizures). A meta-regression showed
that the studies’ risk of bias category is not a significant effect size
predictor (P = 0.50). All studies included in all meta-analyses were
case–control studies because of our data inclusion principles out-
lined in the Methods section above.

Psychoform dissociation: all samples with FND versus healthy,
neurological and psychiatric controls

Figure 3 presents results of the mixed-effects model meta-analysis
investigating dissociative symptom scale scores (combined psycho-
form dissociation measure) in all samples with FND (FND-seizures,
FND-motor, FND-sensory, mixed) compared with healthy, psychi-
atric or neurological controls (k = 36, n = 3031). Overall, the test
between control subgroups was not significant (Q(2) = 5.77,
P = 0.056). The FND groups showed a significant effect towards
increasing psychoform dissociation compared with healthy controls
(g = 0.90, 95% CI 0.66–1.14, I2 = 70%) and neurological controls

Demartini et al.,2016,SDQ,Low

Study

Random effects model 331 328
Prediction interval

Total
FND Healthy control Standardised mean

Mean Total Means.d s.d difference s.m.d Weight95% CI

Jungilligens et al.,2019,SDQ,Low
Van der hoeven et al.,2015,SDQ,High
Van der Kruijs et al.,2014,SDQ,High
Ozdemir et al.,2020,SDQ,High
Pick et al.,2017,SDQ,Low
Gerhardt et al.,2021,SDQ,High
Perez et al.,2018,SDQ,High
Demartini et al.,2016,SDQ,Low
Koreki et al.,2020,SDQ,Low
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Fig. 2 Somatoform dissociation scores in samples with functional neurological disorder (FND) compared with healthy controls. SDQ,
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Campbell et al

10
https://doi.org/10.1192/bjo.2022.597 Published online by Cambridge University Press

https://doi.org/10.1192/bjo.2022.597


(g = 0.56, 95% CI 0.19–0.92, I2 = 67%). Psychiatric controls also
showed an effect towards lower dissociation scores compared with
the FND groups but heterogeneity was very high (g = 0.35, 95%
CI 0.24–0.95, I2 = 90%), suggesting that, across studies, the psychi-
atric samples were too dissimilar for interpretation at this stage. A
funnel plot of data available for this meta-analysis is given in supple-
mentary Fig. 4. It shows some smaller studies with large effect sizes,
which might indicate some publication bias. All studies in this ana-
lysis were case–control, 21 data comparisons were from studies with
high risk of bias, and the final 15 were from studies with low risk of
bias. A meta-regression showed no significant effect of the studies’
risk of bias category (P = 0.97).

Psychoform dissociation: FND subgroups (FND-seizures, FND-motor)
versus healthy controls

Figure 4 presents data from the mixed-effects model meta-analysis
for the subgroups FND-seizures and FND-motor (k = 14, n = 799).
Four valid data comparisons were available for healthy controls and
FND-motor samples and ten for FND-seizures. The FND-seizures
group showed a significant effect of increasing psychoform dis-
sociation compared with the FND-motor group (Q(1) = 5.44,
P = 0.020). As there were only four data points available for the
FND-motor group, compared with ten for FND-seizures group,
we checked results assuming common heterogeneity (τ2 = 0.071)
and the effect remained significant (P = 0.020).
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Fig. 3 Psychoform dissociation scores in samples with functional neurological disorder (FND) compared with healthy (HC), psychiatric (PSYCH)
and neurological (NEURO) controls. Low, low risk of bias; High, high risk of bias.
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The effect of FND-seizures on increasing psychoform dissoci-
ation was significant compared with healthy controls, with a large
effect size (g = 0.94, 95% CI 0.65–1.22). There was also an effect
towards greater dissociation scores in the FND-motor group com-
pared with healthy controls; however, this was a smaller effect com-
pared with that for FND-seizures (g = 0.40, 95% CI −0.18 to 1.00).
Estimates of between-study heterogeneity ranged from 53.7% for
FND-motor to 42% for FND-seizures and was 58.3% overall; there-
fore, we can be confident that each group represents the target popu-
lation. A funnel plot of data available for this meta-analysis is given in
supplementary Fig. 5. As above, it shows a study with a large effect
size, despite large standard error.82 All studies included were case–
control. Data comparisons were available from six studies at high
risk of bias and eight at low risk of bias. A meta-regression showed
no significant effect of the studies’ risk of bias category (P = 0.81).

Discussion

This review presents evidence that dissociation is an important
feature of FND. In relation to the three aims of this study, our prin-
cipal findings are as follows. First, that FND frequently involves
comorbid dissociative disorders. Second, psychoform and somato-
form dissociative symptoms are commonly present in FND and
appear to vary with FND presentation. Third, we found several
potential biological and clinical associations of dissociation in
FND that merit further exploration.

Dissociative disorders are common comorbidities in
FND

Fewer studies than expected commented on comorbid dissociative
disorders in FND samples. In the nine studies that did, the

proportion of participants with FND found to have comorbid dis-
sociative disorder ranged considerably, from 8% to 80%.14,41–48

The most common dissociative disorder diagnosed was dissociative
disorder not otherwise specified (DDNOS) – a subtype previously
highlighted as being the most prevalent in epidemiological
studies.121,122 When compared with prevalence rates reported for
the general population, dissociative disorder rates are higher in
FND groups. A review of dissociative disorder prevalence rates in
community and clinical samples suggested an overall lifetime preva-
lence of 10%.123 Similarly, a recent meta-analysis of college student
populations (n = 31 905) reported an overall prevalence of 11%.124

Prevalence of dissociative disorder might be higher in clinical popu-
lations; for example, Foote and colleagues observed an overall
prevalence of 29% in 82 consecutive out-patient psychiatric clinic
attendees, and Ross et al observed considerably higher lifetime
prevalence in in-patients (28–44.5%).125,126 A separate study
found that general psychiatric in-patients were more likely to
have a comorbid dissociative disorder if they scored above 30 on
the DES, with patients in this bracket having a prevalence of up
to 80%.127 The majority of studies reviewed here reported preva-
lence rates within the clinical range observed by Ross et al, and in
some cases considerably higher. However, two of the included
studies42,45 had prevalence rates of 10% or lower, commensurate
with the prevalence rate of dissociative disorders in the general
population.123,124

The prevalence of dissociative disorders seen in the samples
with FND presented in this review supports the notion that FND
and dissociative disorders might share similar mechanisms and aeti-
ology (e.g. traumatic experiences, chronic/severe stressors), in add-
ition to symptoms, supporting the classification of FND as a
dissociative disorder in the ICD.2,4 Given that dissociative disorders
are prevalent in other psychiatric populations,125,126 dissociation as
an explanatory mechanism for other mental disorders merits
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Fig. 4 Psychoform dissociation scores in samples with seizure symptoms and motor symptoms of functional neurological disorder (FND)
compared with healthy controls. Low, low risk of bias; High, high risk of bias.
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exploration. For FND, this proximity invites questions about treat-
ment options and whether some people with FND would benefit
from treatments that target dissociative disorders and symptoms,
including those currently being evaluated in FND such as eye move-
ment desensitisation and reprocessing (EMDR)128–131 and dynamic
psychotherapies.132,133

Dissociative symptoms are elevated in FND and vary by
subgroup

Dissociative symptoms, as measured through validated scales,
ranged widely in the FND samples. However, most studies reported
elevated dissociative symptom scores in FND samples that were
above clinical cut-off scores and/or the scores reported for compari-
son groups. Elevated scores were observed for both psychoform and
somatoform manifestations of dissociation.

The DES was the most used measure of psychoform dissoci-
ation. DES scores have recently been meta-analysed in psychiatric
populations.3 In that meta-analysis, the mean DES score for FND
was reported at 25.6, based on 20 studies, and dissociative disorders
had amean score of 38.9;3 11 studies from our review reportedmean
or median scores higher than this, and 4 reported scores above the
mean score for dissociative disorders. We found 11 studies that used
other psychoform dissociation scales (e.g. CADSS, MDI, CDS) – the
majority of FND groups scored higher on these dissociative
measures when compared with controls.

In our subgroup meta-analysis investigating psychoform dis-
sociation in FND groups versus different control groups, a large
effect towards higher dissociation scores was found in the FND
groups compared with healthy controls. This effect was also
observed in the comparison with neurological controls, but of a
medium effect size. High heterogeneity prevents us from confirm-
ing an effect between FND groups and psychiatric controls. The
last finding may have been affected by the amalgamation of mul-
tiple psychiatric populations into one group. Four out of eight
studies included a mixed psychiatric control group, while the
remaining four involved somatisation, eating disorder, chronic
pain and depression.

The SDQ-20 was the nextmost used dissociative symptom scale,
and the only ‘pure’ measure of somatoform dissociation. Mean
SDQ-20 scores in samples with dissociative disorder have been
reviewed previously, observing mean scores >30 for FND samples,
>43 for DDNOS and DPDR samples and >50 for DID samples.134

Using these as a reference, FND samples (of a total of 25) endorsed
mean or median SDQ-20 scores >30, supporting the view that com-
partmentalisation is a significant feature of FND. Our meta-analysis
comparing SDQ scores in people with FND and healthy controls
displayed high heterogeneity between studies (Fig. 2); however,
the prediction interval shows that research in this area has generally
found people with FND to exhibit higher somatoform dissociation
than healthy controls. Only the comparison from Demartini et al56

involving participants with FND-seizures compared with healthy
controls showed a non-significant effect. Sensitivity analyses sug-
gested that this study was an outlier, and removing it shifted the pre-
diction interval to greater than zero, indicating that future studies
are likely to find the same pattern of results. Despite this, large het-
erogeneity remained (75%), meaning it is likely that the FND
samples contained important subgroup populations that would
need to be studied before effect size estimates could be interpreted.
However, subgroup analysis was not possible as there were fewer
than ten studies.

Our results suggested that there might be different dissociative
symptom profiles across FND subgroups, specifically elevated psy-
choform dissociation in FND-seizures and greater somatoform dis-
sociation in FND-motor samples. Guz and colleagues,66 for

example, reported the highest DES scores in an FND-seizures
sample (mean score 27) relative to FND-motor (mean 12) and
FND-sensory samples (mean 7). Nearly all of the FND-motor
sample DES scores were comparable to the aforementioned mean
scores of non-clinical populations, or substantially lower.135 Only
in Tezcan and colleagues’ study did an FND-motor group exhibit
high psychoform dissociation (mean DES = 25).48 Demartini and
colleagues directly compared FND-seizures and FND-motor
groups and noted an inverse relationship between DES and
SDQ-20 scores in the two groups (FND-seizures mean DES = 17.2,
mean SDQ-20 = 23.3; FND-motor mean DES = 7.9, mean
SDQ-20 = 44.9).56 This observation was not totally consistent;
some FND-seizures groups scored highly on the SDQ-20 (median
SDQ-20 = 34 in Pick et al90; mean SDQ-20 = 38 in Koreki et al76),
with no clear methodological differences that could account for this.

Significantly higher SDQ-20 scores in an FND-seizures sample
relative to epilepsy controls were reported in a study in which the
DES and CDS were unable to differentiate participants with FND
from controls.136 The authors argued therefore that compartmen-
talisation symptoms are more characteristic of FND-seizures,
whereas detachment symptoms are less prominent. In our review,
the highest DIS-Q score was also in an FND-seizures group.85

Perhaps, therefore, these results indicate that people with the
FND-seizures subtype have a greater overall tendency to dissociate
in general, with respect to both somatoform and psychoform symp-
toms. The discrepant findings noted here require further examin-
ation in additional studies using measures of both somatoform
and psychoform dissociation in FND-seizures and FND-motor
samples.

A potential explanation of the observed trends is that FND
motor symptoms are indeed comparable to so-called somatoform
dissociative symptoms, whereas psychoform dissociative symptoms
are more common in people with FND-seizures. Indeed, the
SDQ-20 contains several items that map directly onto FND motor
symptoms, whereas there is only one item regarding attacks
resembling seizures. One of the developers of the SDQ-20 has
already called for physical ‘conversion’ symptoms to be relabelled
as somatoform dissociative symptoms.134

Several limitations affect the generalisability of the observations
outlined above. The majority of studies that addressed FND sub-
types focused on FND-seizures; very few studies specified the
FND subtype and most involved people with FND endorsing mul-
tiple symptoms. There were only three studies presenting FND-
sensory or ‘mixed’ (F44.6 and F44.7 respectively) subtype specific
scores48,66,97 and our subgroup meta-analysis indicated that FND-
seizures groups exhibited different levels of psychoform dissociation
from FND-motor groups. This meta-analysis indicates the need for
more FND-motor and healthy control comparisons. Importantly,
future studies should examine closely the effect on SDQ-20 total
scores of items pertaining to the particular FND symptoms experi-
enced by each respondent. One methodological solution is to rerun
analyses excluding items that resemble FND symptoms common in
the sample under investigation.

Although the DES and SDQ-20 scales were the most commonly
used dissociation scales, most studies did not administer both and
thus did not screen for both types of dissociative symptoms. It
has been suggested that rather than existing as a general attribute,
dissociation represents a diverse and not necessarily connected
cluster of symptoms; consequently, scales such as the MDI, which
measure specific psychoform dissociative symptoms such as deper-
sonalisation and identity dissociation, might be more valuable for
assessing dissociative symptom profiles.137 Reporting bias, and add-
itionally recall bias, are also potential limitations of self-report
scales, which may be mitigated by use of scales that are clinician-
administered and/or state-based, such as the CADSS.
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The large values for measures of dispersion seen across the
studies indicate that although some individuals with FND report
elevated dissociative tendencies, there are some who appear less
affected by dissociation. If specific FND presentations present
with different types of dissociative symptoms, as suggested by our
results, then omission of measures of psychoform and/or somatoform
dissociation might result in falsely low or unrepresentative results.
However, another interpretation is that dissociative symptoms,
although common, are not a ubiquitous feature of FND. More
studies that administer both psychoform and somatoform dissociative
scales to people with various FND subtypes will help to establishmore
concretely whether the observed trends represent the population.

Biological associations of dissociation in FND

Little is known about the biological processes underlying patho-
logical dissociation. Roydeva & Reinders15 recently systematically
reviewed studies exploring potential biomarkers associated with
pathological dissociation transdiagnostically, including dissociative
disorders, FND, and affective, personality and stress-related disor-
ders.15 Increased neural activity was observed in several brain
regions in the dissociative groups relative to healthy or clinical
control groups, in both resting-state and task-based functional neu-
roimaging studies. This was consistent in regions of the prefrontal
cortex, insula and ACC – findings also reported by Drane et al in
a previous review138 and in models of dissociation in specific disor-
ders, including PTSD and DID.139,140

Trends in connectivity alterations included increased connect-
ivity from amygdala seed regions to prefrontal cortex (e.g. dorsolat-
eral, medial, orbitofrontal), precuneus and superior parietal cortex.
In addition, structural imaging studies found evidence of volumetric
reductions in several regions in the dissociative groups, including
the hippocampus, thalamus and basal ganglia. Other trends
included a negative correlation between tumour necrosis factor
alpha and dissociative symptoms, and a positive correlation with
interleukin 6, raising questions about an interaction between
inflammation and dissociative symptoms;15 however, this process
may be mediated by other comorbid disorders, such as depres-
sion.141 Further research is needed to better understand the neuro-
biological basis of dissociative symptoms and disorders.

Our review found a noticeably smaller number of studies exam-
ining the relationships between biological factors and dissociative
symptoms in people with FND when compared with the Roydeva
& Reinders review.15 This is likely due to differing study inclusion
criteria; we specified that our studies describe dissociative symp-
toms or comorbid disorders with validated measures in people
with FND, whereas the aforementioned review accepted diagnosis
of FND alone as a marker of dissociation. Despite this disparity,
there were some common trends noted: three of the identified
studies from our review shared consistent findings with some of
the reports of altered neural circuitry described above.88,102,118

Volumetric and functional connectivity changes were observed
within several brain regions, including the ACC – a region impli-
cated in action planning, decision-making and empathy-related
responses. The ACC is consistently highlighted as an area of interest
in FND studies.138,142,143 Increased functional connectivity and
neural activity within this cortical region, among several other
related regions described earlier, has been advocated as a potential
biomarker for pathological dissociation and for FND.138,144

Whether these demonstrable alterations in neural circuitry can be
translated into an in vivo biomarker of disorder severity or response
to treatment remains to be explored. Studies applying this method
have shared promising results.145,146

Two relevant studies from Labate and colleagues could not be
included in this review as they did not meet our inclusion

criteria.147,148 The first reported on cortical thinning in similar
brain regions, using voxel-based morphometry and cortical thick-
ness MRI techniques.147 Significant loss of grey matter volume in
participants with FND-seizures was observed in primary motor
and premotor cortices, the supplementary motor area and the
ACC.147 Thickness alterations in these regions of interest were
not associated with dissociation (on DES and SDQ scores);
however, SDQ scores were significantly negatively associated with
reduced cortical thickness in the left inferior frontal gyrus and the
left central sulcus.147 The second, more recent, study contrasted
similar brain regions of interest in subgroups of healthy participants
and participants with depression and FND-seizures.148 Relative to
healthy controls, both the depression and FND-seizures subgroups
had noticeable thinning of the ACC and lateral orbitofrontal cortext
on MRI. Although this was more pronounced in participants with
depression, a significant positive relationship between SDQ scores
and morphological changes in the right medial orbitofrontal
cortext was observed.148

Other biological findings were more variable. Two studies mea-
sured skin conductance levels in people with FND, with inconsistent
results.70,89 These inconsistent findings are similar to those previ-
ously reported in Drane et al’s review.138 One possible explanation
is that in FND, interoceptive impairments lead to a discordance
between subjective and autonomic responses. This is reflected
further in other studies that have reported impaired interoceptive
accuracy of people with FND.56,57,76,89 Owing to the limited
number of studies found and the variety of objective measures, a
meta-analysis was not possible for the biological associations of dis-
sociation in FND.

Clinical features associated with dissociation in FND

Several studies in this review offer compelling evidence in support of
using dissociative tendencies, symptoms or comorbidity as a poten-
tial prognostic marker in FND. Many of these studies pertained to
the FND-seizures subtype. Severity or frequency of seizure symp-
toms, and presence of ongoing seizures relative to remission
states, were seen in people with FND who reported greater
degrees of dissociative symptoms.51,78,80,87,93,103 Quality of life in
people with FND-seizures was also reportedly affected by degree
of dissociation, even after controlling for a number of other
factors.81,115 Other studies observed varying severity of presentation
with level of dissociation in general FND populations. The concern-
ing link between dissociative symptoms and suicide has been estab-
lished previously in psychiatric samples.26,68,149 More longitudinal
studies could therefore be helpful to further establish the link
between dissociative symptoms and FND severity or quality of life.

Several studies observed that alexithymia and emotion dysregu-
lation were associated with dissociation severity in FND partici-
pants.53,55,75 Number of FND symptoms, earlier onset of
symptoms and likelihood of symptom severity requiring in-
patient management were also predicted, to a degree, by dissociative
symptoms.14,45,46 Other findings included elevated general psycho-
pathology and psychiatric comorbidity in FND participants with
greater dissociative tendencies.14,101

Taken together, these findings have important clinical implica-
tions. Dissociation scales might provide a novel means of categoris-
ing FND severity, prognosis and guiding treatment. Reflecting this
notion, some of the studies in this review adopted the SDQ-20 spe-
cifically as a marker of FND severity.75,99 It might be beneficial to
measure psychoform or somatoform dissociative symptoms as an
outcome for FND in future studies. In addition, high scores on dis-
sociation measures in people with FND also reporting previous
trauma might indicate the presence of post-traumatic symptoms,90

which would need to be addressed specifically in any effective
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clinical intervention. The associations between traumatic experi-
ences, dissociative and post-traumatic symptoms in FND are
important and understudied; although this unfortunately goes
beyond the scope of this paper, it merits further exploration in
future studies.

Strengths and limitations of the review

Our review has several strengths. First, we have comprehensively
summarised existing data on both dissociative disorders and dis-
sociative symptoms across different FND symptom types, and our
subgroup analyses have highlighted potentially important subgroup
differences. We also included studies that used a range of validated
dissociationmeasures, ensuring that our review captured asmuch of
the existing data as possible and providing insights into the relative
prevalence of different types of dissociative symptoms (e.g. detach-
ment, compartmentalisation) in the FND samples. Our findings
have also indicated several important directions for future research
on biological mechanisms and clinical implications of dissociation
in FND.

We acknowledge some limitations in the methods used.
Regarding the search strategy, terms for cognitive FND symptoms
were not included because we designed the search strategy in
2019, before these symptoms were formally classified as FND in
ICD-11. Overall, the meta-analyses indicated a general problem of
large heterogeneity between studies, which limits the certainty
with which some conclusions can be drawn. This is especially
evident in the neurological and psychiatric control groups, which
each subsumed several different clinical disorders. In addition to
this, funnel plots all showed asymmetry within the data. There are
cases of small studies reporting a large effect size and large standard
error, which is a potential indictor of publication bias. However, this
could also be reflective of the high heterogeneity and the presence of
outliers. We were also unable to explore the influence of associated
risk factors such as trauma on dissociation scores in the meta-ana-
lysis, which might be of value in future. Generally, there were only a
small number of studies that investigated the relationship between
dissociation scores and biological measures, with inconsistent find-
ings on several measures. Finally, although we excluded any study
that stated that participants with FND had comorbid neurological
disorders, not all studies explicitly declared this (or that comorbid
neurological disorders were excluded), and therefore there is a pos-
sibility that some of the data included may have not been FND-
specific.

Future directions and clinical implications

The findings presented here indicate that dissociation is a pervasive
and clinically relevant feature in FND, also lending support to the
view that dissociation is a possible underlying mechanism.
Further research is needed to examine more rigorously the role of
dissociative processes in the generation of FND symptoms, with
methods designed to examine causal hypotheses. Improved under-
standing of the role of dissociation in FNDwill have implications for
diagnosis and classification, with potential to facilitate resolution of
the discrepancy between the ICD-11 and DSM-5 classifications.

Despite the considerable literature reviewed here, few studies
investigated the potentially differing degrees of psychoform and
somatoform dissociation in different FND subtypes. Furthermore,
few studies explicitly sought to examine the distinction between
compartmentalisation and detachment subtypes of dissociation in
FND subgroups. More studies should closely examine these differ-
ent forms of dissociation, their underlying aetiological and neuro-
biological basis, and how they relate to the occurrence of core
FND symptoms such as seizure, motor, cognitive and sensory
symptoms.

From a clinical perspective, this review highlighted several pos-
sible implications. To accurately capture all of the symptomatology
and experiences of patients with FND, clinicians might consider
screening for both somatoform and psychoform dissociative symp-
toms, as they are evidently overexpressed in this population and are
associated with adverse clinical features and outcomes. For indivi-
duals with FND who report significant dissociation, a dedicated
clinical interview to assess possible comorbid dissociative disorders
would be another consideration, as would be amore detailed screen-
ing for past trauma and possible post-traumatic symptoms.

A key research question is whether level of dissociative
symptoms could constitute a prognostic indicator of FND sever-
ity. Lastly, there are some appreciable potential biomarkers of dis-
sociation that, if explored further, could aid in understanding how
this process occurs and potentially act as guides to monitoring
treatment efficacy and/or developing novel treatments for the
disorder.
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Appendix

Dissociation and functional neurological disorder terms used in the
database search. The categories ‘dissociation’ and ‘functional neuro-
logical disorder’ were combined with ‘AND’; the list of terms within
each category were combined with ‘OR’:

Dissociation terms
Dissociative
Dissociation
Depersonali*tion
Dereali*ation
Detachment
Compartmentali*ation
Functional neurological disorder terms
Functional neurological
Functional motor
Functional weakness
Conversion disorder
Psychogenic
Non*epileptic
Dissociative seizure
Hysteri*
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