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Abstract

Background. Catatonia has many potential underlying causes, but in some patients, no clear
etiology is identified, sparking growing interest in its genetic basis. We aimed to provide the first
comprehensive synthesis of genetic abnormalities in catatonia.

Methods. In this systematic review (PROSPERO CRD42023455118) we searched MEDLINE
All, Embase Classic + Embase, PsycINFO, and AMED up to August 15, 2023, for studies on
genetic testing and catatonia phenotyping in all age groups. Catatonia was diagnosed using
specified diagnostic criteria or description of clinical features. Risk of bias was assessed using the
Joanna Briggs Institute quality assessment tools. Results were summarized with a narrative
synthesis.

Results. We included 99 studies involving 8600 individuals. Sex was reported for 6080 individ-
uals, of whom 3208 (52.8%) were male. Mean age at onset of catatonia was 28.8 years (SD 16.3).
The median duration of the index catatonic episode was 180 days (IQR 38 to 668). Stupor and
mutism were the most frequently reported symptoms. Forty-seven genetic conditions were
reported in catatonia, including Phelan-McDermid syndrome (n = 80), 22q11.2 deletion
syndrome (n = 23), and Down’s syndrome (n = 19). Study quality was good in 29 studies,
moderate in 53, and poor in 17. The major focus of association studies has centered on periodic
catatonia; despite identifying candidate genes at both 22q13 and 15ql5, none have been
replicated.

Conclusions. Catatonia can manifest in a wide range of genetic syndromes, suggesting a shared
vulnerability across diverse genetic and developmental disorders. We did not identify a unique
phenomenology or treatment response profile in genetic associations of catatonia.

Introduction

Catatonia is a neuropsychiatric disorder that occurs in the context of a range of psychiatric and
general medical disorders (Fink & Taylor, 2003; Oldham, 2018). Common clinical features
include mutism, stupor, social withdrawal, posturing, and stereotypes (Dawkins et al., 2022).
Catatonia has a population incidence of approximately 10 per 100,000 person-years (Rogers et al.,
2021) and is associated with increased mortality (Cornic et al., 2009; Niswander, 1963; Puentes,
Brenzel, & De Leon, 2017), and a range of medical complications (Funayama et al., 2018).
Alongside treating the underlying condition, the mainstay of treatment for catatonia — regardless
of etiology — consists of benzodiazepines or electroconvulsive therapy (ECT) (Denysenko et al.,
2018; Rogers et al,, 2023). It remains unclear to what extent underlying cause correlates with
catatonic signs (Dawkins et al., 2022).

The observation that mental illness is commonly familial was made in the Hippocratic
Corpus as far back as the 5th century BC (Evans, McGrath, & Milns, 2003). Twin studies of
disorders including alcoholism, depression, and schizophrenia in the 20th century subsequently
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confirmed these disorders had a heritable component, albeit to
varying degrees (Kendler, 2001). More recently, genome wide
association studies (GWAS) have endeavored to identify specific
genetic variants linked with psychiatric disorders. Even with large
sample sizes, single nucleotide polymorphisms (SNPs) identified in
existing GWAS account for only a small proportion of the herit-
ability estimated from twin studies, which may be accounted for by
other variant types, inflated results from twin studies, or the inter-
action with other genes and environmental factors (Andreassen,
Hindley, Frei, & Smeland, 2023). Notwithstanding these limita-
tions, modern psychiatric genetic research has advanced clinical
translation by identifying risk genes, polygenic risk scores, and
shared biological pathways; enabling early risk prediction and
personalized care (Smoller et al., 2019; Wray et al., 2018). Pharma-
cogenomics such as CYP450 and HLA gene insights optimize
medication selection and dosing (Bousman & Hopwood, 2016).

The major psychiatric diagnostic manuals (ICD-11 and DSM-5-
TR) now recognize that catatonia is not necessarily part of schizo-
phrenia. Although this has rendered the diagnostic process in
catatonia more valid, it leaves the clinician with the difficult task
of ascertaining which of many potential etiologies is most relevant.
In some case series, there remain cases of catatonia that —despite
extensive investigation — do not have a clear cause (Espi Forcen
et al., 2022; Zingela et al., 2022). It is in this context that there is
increasing interest in genetic disorders underlying catatonia (Raffin
et al., 2018). Making a genetic diagnosis in catatonia could be
important for ascertaining prognosis, guiding investigations for
other features of a particular syndrome, and for certain conditions
accessing disease-modifying therapies. Currently, however, no
comprehensive synthesis of genetic abnormalities in catatonia
exists in the published literature to our knowledge.

We therefore aimed to conduct a systematic review to identify
the genetic abnormalities reported in catatonia, their frequency,
and — where possible — the strength of any association. For com-
pleteness, neuropsychiatric comorbidities are also reported. Due to
the anticipated heterogeneity of the literature, we planned to con-
duct a narrative synthesis without meta-analysis.

Table 1. Eligibility criteria

Isabella Conti et al.

Methods

We carried out a systematic review, pre-registered on PROSPERO
(CRD42023455118). The PRISMA 2020 checklist is shown in
Supplementary Table 1.

Eligibility criteria

Due to the anticipated paucity of large rigorous epidemiological
studies, eligibility criteria were kept broad, as shown in Table 1.

Search strategy

Searches were conducted on Ovid using MEDLINE All, Embase
classic + Embase, PsycINFO, and AMED from inception to August
15, 2023. References were also screened for relevant studies. The
search strategy was limited to human studies using search keywords
and structured vocabulary including but not limited to ‘catatonia’,
‘gene’, ‘polymorphism’, ‘genome’. The full search terms can be
found in Supplementary Table 2. Pre-prints without peer review
were not included to ensure the quality of included data. Duplicates
were removed automatically on Ovid and subsequently identified
manually. Where studies used the same population, but reported
different genetic tests, results for each genetic test were included.

Eligibility was initially screened by title and abstract by two
authors (KR & IC) independently with blinding using the Covi-
dence software. Where there was disagreement between authors,
the article was retained for further assessment. The same procedure
was used to evaluate full texts, but a third author (JPR) arbitrated
where there were disagreements.

Data extraction

Data were extracted independently with blinding from eligible full-
text articles by a group of authors (IC, KR, JBF, JB, ER, BC, and
CW). Where discrepancies occurred between the two original
extractors, a third author arbitrated. If additional information
was required, the corresponding author of the relevant manuscript

Inclusion Exclusion
Population All age groups with testing for a genetic disorder (or alternative means of ~ Animal studies
identifying a genetic disorder, such as biochemical testing) and K R . K
phenotyping for catatonia Studies Fhat. did not formally assess participants for catatonia or
genetic disorders
Exposure Genetic disorder, copy number variants (CNV) (including all degrees of No genetic disorder described.
penetrance) . K K
Polygenic disorders, where multiple genes confer small risks.
Comparison Participants without catatonia who had the genetic disorder, OR -
Participants with catatonia who did not have a genetic disorder.
Outcome Description of catatonic clinical features without specified diagnostic
criteria, OR
Catatonic clinical features without a definitive diagnosis, OR =
Catatonia defined by DSM-IV, DSM-5, ICD-10, or ICD-11
Study design  Published original research available in English or French, AND Studies that are not original literature (e.g. systematic reviews,

Peer-reviewed or non-peer-reviewed, AND

scoping reviews, and protocols)

Case reports, case series, cross-sectional studies, case—control studies or

cohort studies, AND

Journal articles, conference abstracts, or conference proceedings.

https://doi.org/10.1017/50033291725100536 Published online by Cambridge University Press


http://doi.org/10.1017/S0033291725100536
http://doi.org/10.1017/S0033291725100536
https://doi.org/10.1017/S0033291725100536

Psychological Medicine

was contacted. The PRISMA flowchart can be found in Supple-
mentary Table 3.

Data were collected on the following study characteristics: paper
metadata (title, author, citation), demographic characteristics of the
sample, country of study population, data collection period, study
population, single- vs. multicenter, study design, genetic testing,
genetic abnormality, catatonia definition, catatonic signs, and treat-
ment response.

Outcomes were defined as any catatonic features (with or without
formal diagnostic criteria) in populations with genetic disorders.
Catatonic features were extracted where data were available. Where
populations had a defined genetic syndrome with an established
single genetic mutation, the genetic syndrome was reported even if
individuals had not had genetic analysis.

Quality assessment

The Joanna Briggs Institute tools were used to assess cross-sectional,
case report, case series, case control, and cohort designs. Cohort
studies without a comparison group were assessed using the case
series tool. Authors (IC, KR, JB, JPR, JBF, CW, and ER) independ-
ently assessed papers with a third author acting as arbitrator (BC or
JB). Risk of bias was categorized as low, moderate, or high risk using
the following cut-offs: Case reports rated out of 7 points were low
(6-7), moderate (3-5), high (0-2). Case series and case—control
studies rated out of 10 points were low (8-10), moderate (4-7), high
(0-3) risk of bias. Cohort studies rated out of 11 points were low
(8-11), moderate (4-7), high (0-3) risk of bias.

Data analysis

Demographic information of participants with each genetic condi-
tion was reported in addition to the median number and duration
of catatonic episodes. Due to the clinical and methodological
heterogeneity between studies, a narrative approach was used to
synthesize the data. Association studies (where a comparison group
was presented) were considered separately from studies without
comparison groups. Additional information was provided for gen-
etic conditions where 10 or more cases of catatonia were reported in
the literature. The number of individuals with specific catatonic
signs, as well as the response to treatment for individuals with
catatonia was reported separately.

Role of the funding source

The funding sources had no part in the study design, data collec-
tion, analysis, or writing of the manuscript or the decision to submit
it for publication.

Results
Description of included studies and individuals

The systematic literature searches identified 2488 articles, of which
99 were included in the systematic synthesis, as shown in Supple-
mentary Figure 3. A full list of included studies with their charac-
teristics is shown in Supplementary Table 4. Study quality was good
in 29 studies, moderate in 53, and poor in 17, as shown in Supple-
mentary Tables 5a—d.

Articles were published between 1972 and 2023. Of the 99 inclu-
ded studies, there were 9 cohort studies, 18 case—control studies,
18 case series, and 54 case reports. There were 13 multicenter studies
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and 86 single-center studies. There were 84 peer-reviewed studies
and 15 studies published without peer review, often as conference
abstracts or proceedings. In terms of country, 28 studies were con-
ducted in the USA, 17 in Germany, 12 in France, 5 in Italy, 5 in Japan,
and 32 from 17 other countries. In terms of funding, 15 studies
reported no funding, 22 studies reported only non-commercial
funding, 4 studies reported commercial funding, and 58 studies
had no statement on funding.

Catatonia outcomes were reported for 8600 individuals, of
whom 636 (7.4%) had catatonia and a genetic abnormality, and
157 (1.8%) had catatonia without a genetic abnormality. A total of
2385 (27.7%) had a genetic abnormality without catatonia and
476 (5.5%) had neither catatonia nor a genetic abnormality. Sex
was reported for 6080 individuals, of whom 3208 (52.8%) were
male and 2872 (47.2%) female. Age at onset of first catatonic
episode ranged between 4 and 80 where it was given for (n = 43)
individuals and ranged from a mean of 28.8 (SD 16.3) to 38.6
(SD 12.5) where it was provided for groups. Ethnicity was
reported in 1563 individuals, of whom 531 were White, 1028
Asian, 3 Black, and 1 Mixed.

Diagnosis of catatonia was made using DSM-IV criteria (17)
in 3072 individuals, DSM-5 criteria (18) in 1685, ICD-10 criteria
(19) in 608, and other specified criteria in 396, while a diagnosis was
made without any specified criteria in 2293, and 145 individuals
presented with catatonic features without an explicit diagnosis of
catatonia. The number of catatonic episodes was available in 57
individuals, ranging from 1 to 4 (median 1, IQR 1 to 2). Of these,
28% (16/57) had 2 or more catatonic episodes. Duration of the
index catatonic episode was available in 35 individuals, ranging
from 4 to 2920 days (median 180.0, IQR 37.5 to 667.5). The genetic
diagnosis was made by comparative genomic hybridization (CGH)
in 11 individuals, exome sequencing in 21, fluorescence in situ
hybridization (FISH) in 7, karyotype in 10, microarray in 985,
PCR in 3445, whole genome sequencing in 4, other genetic tech-
niques in 266, and through clinical diagnosis alone in 1; diagnostic
technique was not stated in 3454 individuals.

Association studies

Of the 18 studies examining the association between catatonia and a
specific genetic abnormality, 10 were group-level association stud-
ies, 3 were group-level linkage, 4 were segregation analyses, and
1 was factor analysis. There were 15 case—control studies, 1 cohort
study, and 2 case series. Among these studies, 3 were at low risk of
bias, 12 at moderate risk of bias, and 3 at high risk of bias. A
particular issue with risk of bias was a lack of appropriate strategies
for dealing with confounding.

Fourteen (78%) of the association studies were conducted in
individuals with periodic catatonia, a rare subtype of catatonia
characterized by recurrent episodic catatonia (Stober et al., 2000).
Stober, Saar, et al., (2000) provided the first genome wide linkage
study of periodic catatonia in 12 multiplex pedigrees, identifying
linkage with areas of chromosome 15q15 and suggesting other areas
of linkage on the long arm of chromosome 22. Stéber et al. (2002)
replicated this linkage on chromosome 15q15 in a new set of four
multiplex families; placing the susceptibility region to an interval
between marker D15S1042 and D15S659. Stober et al. (2005)
further examined candidate genes on chromosome 22q. Systematic
mutation screening in individuals from chromosome 22q-linked
pedigrees identified 7 SNPs at KIAA0767/DIP locus which did not
co-segregate with the disease. Seventeen SNPs at KIAA1646/CERK
were identified, none of which co-segregated.
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Candidate genes at chromosome 22q13 have also been investi-
gated owing to the high prevalence of catatonia in Phelan-
McDermid syndrome (PMS), characterized by abnormalities in
the SHANK3 gene in this region (Kohlenberg et al,, 2020). In a
sample of 620 individuals (212 chronic schizophrenia; 56 periodic
catatonia; 106 bipolar disorder; 284 controls) Selch et al. (2007)
found associations between two intronic SNPs (rs2235349 and
rs2076137) of the MLCI gene located on chromosome 22q13.33,
and periodic catatonia. Candidate genes on chromosome 22q13.3
have previously been implicated in periodic catatonia by Meyer
et al. (2001), demonstrating co-segregation with a WKLI Leu309-
Met missense variant in an extended pedigree. However, a later
study by McQuillin et al. (2002) was unable to replicate this
association in a population of 174 schizophrenia cases. They iden-
tified an insertion/deletion, one-missense substitution, and two
synonymous substitutions in exon 11. None of these polymorph-
isms segregated with schizophrenia despite being thought to alter
WKL1 protein structure. Another candidate gene located on
chromosome 22q13.33 examined by Gross et al. (2001) was the
cadherin gene CELSRI. Seventeen allelic variants were identified,
none of which co-segregated with catatonic schizophrenia in a
pedigree of 5 family members.

Following Stober’s early work, several studies have investigated
putative candidate genes at chromosome 15q15 in periodic cata-
tonia. The DLL4 gene at15q15, which produces a NOTCH 4 lig-
and, was investigated by McKeane et al. (2005). In a case—control
study of 3 affected individuals, no SNPs were found which
co-segregated with disease in the extended pedigree. Screening
for genetic variants of SLC30A4 at chromosome 15q15-21 has also
been attempted (Kiiry et al., 2003). Despite demonstrating that a
critical region in this zinc transporter gene (D15S1042 to
D158659) perfectly co-segregated with individuals with periodic
catatonia, no pathogenic variants in either coding or promoter
regions were found to explain the phenotype. Most recently
Schanze et al. (2012) evaluated conserved non-genic sequences
on chromosome 15q15 at the PLCB2 and DLL4 loci. Three vari-
ants in conserved and ultra-conserved sequences were found only
in cases of periodic catatonia. However, significance could not be
confirmed in a case—control association study. Meyer (2002)
examined the CX36 gene on chromosome 15ql4; encoding a
gap-junction protein expressed in brain and retina tissue. Exon
sequencing identified 3 polymorphic sites, none of which co-
segregated with catatonic schizophrenia.

Three studies examined trinucleotide repeat expansions at puta-
tive candidate loci for periodic catatonia (Bengel et al., 1998; Lesch
etal., 1994; Stober, Saar, et al., 2000). Polymorphic B33 CTG repeat
locus on chromosome 3 was assessed in 45 patients with periodic
catatonia and 43 control subjects, with no significance identified
(Bengel et al., 1998). The B37 CAG repeat locus on chromosome
12 was investigated in patients with periodic catatonia and controls;
again without significance (Stober, Saar, et al., 2000). Also exam-
ined were CAG repeats on exome 1 of the htKCNN3 gene, coding the
human calcium-activated potassium channel on chromosome
1q21. Using 12 periodic catatonia pedigrees, no linkage was iden-
tified (Lesch et al., 1994).

Genetic conditions with 10 or more cases of catatonia reported

Three genetic conditions had at least 10 cases of catatonia
reported in the literature: PMS (80 cases), 22q11.2 deletion syn-
drome (DiGeorge syndrome) (23 cases), and Down’s syndrome
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(19 cases). Of the 26 relevant studies, there were 4 cohort studies,
10 case series, 12 case reports, and no case—control studies. There
were 10 studies at low risk of bias, 13 at moderate risk, and 3 at
high risk. Particular issues were lack of clear inclusion criteria for
cases, and limited information about interventions given. A sum-
mary of the results for each condition is shown in Table 2.

Genetic conditions with fewer than 10 cases of catatonia
reported

Forty-four genetic conditions had fewer than 10 cases reported with
the results shown in Table 3. Of the 40 relevant studies, there were
4 cohort studies, no case—control studies, 6 case series, and 30 case
reports. There were 15 studies at low risk of bias, 19 at moderate
risk, and 6 at high risk. Particular issues were inadequate reporting
of case demographics and histories, and lack of reporting on
adverse events resulting from interventions. A summary of the
results for each condition is shown in Table 3.

Specific catatonic signs

Among 574 individuals with catatonia who had a genetic condition,
211 had some information on the specific clinical signs that they
displayed, as illustrated in Figure 1. Of the 52 relevant studies, there
were 2 cohort studies, 11 case series, and 39 case reports. 19 studies
were at low risk of bias, 27 at moderate risk, and 6 at high risk.

Treatment and response

Data on treatments for catatonia in genetic conditions were avail-
able for 92 individuals. Of the 57 relevant studies, there were
3 cohort studies, 15 case series, and 39 case reports.

Benzodiazepines were administered to 64 individuals, of whom
18 (28%) had full remission, 27 (42%) partial remission, 11 (17%)
no response, 1 (2%) clinical deterioration, 2 (2%) cessation due to
adverse effects, and 5 (8%) an unspecified outcome. Antipsychotic
medications were administered to 47 individuals, of whom 11 (23%)
had full remission, 11 (23%) partial remission, 13 (28%) no response,
5 (11%) clinical deterioration, 2 (4%) cessation due to adverse effects,
and 5 (11%) an unspecified outcome. ECT was administered to 43
individuals, of whom 26 (60%) had full remission, 10 (23%) partial
remission, 4 (9%) no response, 2 (5%) clinical deterioration, 1 (2%)
cessation due to adverse effects, and none with an unspecified
outcome.

Discussion

To our knowledge, this paper provides the first comprehensive
review of genetic abnormalities associated with catatonia. We
identified three specific genetic conditions that may be associated
with an increased prevalence of catatonia: Down’s syndrome,
DiGeorge syndrome (22q11.2 DS), and PMS. We identified 44 other
genetic abnormalities in which cases of catatonia have been
described, representing a heterogeneous range of genetic abnor-
malities. The major focus of genetic association studies in catatonia
has centered on identifying candidate genes for periodic catatonia
at both 22q13 and 15q15 given early and influential studies by
Stober et al. (2000, 2002). The increased prevalence of catatonia in
PMS further implicates 22q13 as an area of interest; however, there
is no replicated evidence in support of specific candidate genes at
this location. It remains to be seen whether the genetic variants
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Table 2. Genetic conditions with 10 or more cases of catatonia reported

Age at first Duration of index
Cases catatonia, Genetic diagnostic Number of catatonic episode/
Condition reported  mean (SD) Sex method catatonic episodes  days Other neuropsychiatric features
Phelan-McDermid syndrome 80 30.8 (16.5) F55,M25 CGH 3, microarray Median 1, IQR 1-2, Median 1095, IQR Depression 7, psychosis 6, ASD 4, sleep disorder 2,
(Breckpot et al., 2016; Dille, Lagae, Swillen, & 4, not stated 13 not stated 12 912.5-1277.5, anxiety 2, mania 2, seizure 1, dystonia 1,
Buggenhout, 2023; Jungova et al., 2018; not stated 19 oculomotor abnormality 1, ataxia 1, cerebral
McKelveyet al., 2018; Messias, Kaley, & palsy 1, apraxia 1, hearing loss 1, myoclonus 1,
McKelvey, 2013; Moyal et al., 2022; Persico parkinsonism 1, hypotonia 1, dysphagia 1,
et al., 2022; Raffin et al., 2018; Selch et al., 2007; hemiparesis 1, NMS 1, tremor 1, dyskinesia 1,
Serret et al., 2015; Verhoeven, Egger, & De chorea 1, akathisia 1, restless leg syndrome 1,
Leeuw, 2020) slurred speech 1, intellectual disability, ADHD
1, developmental delay 1, regression in ADL 1,
new cognitive impairment 1, tics 1, OCD 1,
suicidality 1, substance misuse 1
DiGeorge/22q11.2del 23 28.0 (13.7) F15,M 8 Array CGH 1, Median 1, IQR 1-1, Median 180, IQR Psychosis 17, intellectual disability 12, tremor 5,
(Boot, Marras, & Bassett, 2022; Butcher et al., exome not stated 19 180-180, not anxiety 5, seizures 4, parkinsonism 4,
2018; Faedda, Wachtel, Higgins, & Shprintzen, sequencing 1, stated 22 depression 4, dystonia 3, OCD 3, dyskinesia 3,
2015; Sachdev, 2002; Termini et al., 2023; FISH 7, oculomotor abnormalities 1, ataxia 1, cerebral
Zinkstok et al., 2020) microarray 1, palsy 1, apraxia 1, hearing loss 1, hypotonia 1,
not stated 13 myoclonus 2, akathisia 2, developmental delay
2, new cognitive impairment 2, dysphagia 1,
hemiparesis 1, NMS 1, chorea 1, restless legs
syndrome 1, slurred speech 1, regression 1, ASD
1, tics 1, sleep disorder 1, ADHD 1, mania 1,
suicidality 1, substance abuse 1
Down’s syndrome (Boot et al., 2022; Breckpot 19 19.3 (5.3) F13,M6 Karyotype 9, CGH Median 2, IQR 1-3, Median 455, IQR Psychosis 6, ASD 2, anxiety 2, psychosis 2, ADHD 1,
et al., 2016; Diemer, Karlsson, & Fodstat, 2018; 1, not stated 9 not stated 11 180-910, not seizures 1, dystonia 1, oculomotor
Ghaziuddin, Miles, & Nassiri, 2015; Jap & stated 6 abnormalities 1, ataxia 1, cerebral palsy 1,

Ghaziuddin, 2011; Miles, Takahashi,
Muckerman, Nowell, & Ithman, 2019;

Minamisawa et al., 2023; Raffin et al., 2018; Torr

& D’Abrera, 2014)

apraxia 1, hearing loss, myoclonus 1,
parkinsonism 1, hypotonia 1, dysphagia 1,
hemiparesis 1, NMS 1, tremor 1, dyskinesia 1,
chorea 1, akathisia 1, restless leg syndrome 1,
slurred speech 1, intellectual disability 8,
developmental delay 1, regression in ADL, new
cognitive impairment 1, tics 1, sleep disorder 1,
OCD 1, mania 1, suicidality 1, substance
misuse 1

Abbreviations: ADHD — attention deficit hyperactivity disorder. ADL — activities of daily living. ASD — autism spectrum disorder. NMS — neuroleptic malignant syndrome. OCD — obsessive-compulsive disorder.
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Table 3. Genetic conditions with fewer than 10 cases of catatonia reported
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Age at first Number of Duration of
Cases catatonia, Genetic diagnostic catatonic index catatonic
Condition reported  mean (SD) Sex method episodes episode/days
Cornelia de Lange syndrome (Bell, Oliver, 9 Not stated Not stated  Not stated Not stated Not stated
Wittkowski, Moss, & Hare, 2018)
Fragile X syndrome (Bell et al., 2018) 6 Not stated Not stated  Not stated Not stated 365 days
Marfan’s syndrome (Yokotsuka-Ishida et al., 6 43.5 (12.2) F5 M1 Exome sequencing 6 1 Not stated
2021)
Wilson’s disease (Samanci et al., 2021; 3 22.0 (5.2) F1,M2 Clinical diagnosis 1, not 1 17 days
Shetageri et al., 2011; Varshitha, 2019) stated 2
16p13.1 duplication (Breckpot et al., 2016; 2 16.0 M2 Microarray 1, array CGH1  Not stated Not stated
Raffin et al., 2018)
Fahr’s disease (Maley & Hebert, 2013; White & 2 43.0 (17.0) Fo,M2 Not stated 2 Median 1, Not stated 2
Jackson, 2022) not stated 1
Fatal familial insomnia (Oliveros et al., 2009; 2 30.5 (12.5) FO,M2 Not stated 2 Not stated 180 days
Raffin et al., 2018)
G6PD deficiency 2 27.0 (11.3) FO,M2 Not stated 2 2.5 Not stated 2
(Montano et al., 2021)
Huntington/HD-like disorder (Raffin et al., 2018; 2 32.5(16.5) FO,M2 Not stated 2 1 Not stated 2
Slavnic & Schwartz, 2022)
Mitochondrial encephalopathy with lactic 2 29.0 (16.0) F2,M0 Not stated 2 50 days
acidosis and stroke-like episodes (Montano
et al., 2021; Ryu et al., 2009)
Perry syndrome (Silva et al., 2022) 2 55.5 (0.5) FO,M2 Exome sequencing 2 Not stated Not stated
Turner syndrome (Mizobuchi et al., 2022; 2 21.0 (5.7) F 2, MO Karyotype 1, array CGH 1 1 Not stated
Ygland Rodstrom et al., 2021)
X chromosome mosaicism (females) 2 58.0 (17.0) F2,M0 Karyotype 2 Not stated Not stated
(Toyota et al., 2001)
13g33.1-34 deletion (Raffin et al., 2018) 1 14.0 F Microarray Not stated Not stated
14q11.2 duplication (Breckpot et al., 2016) 1 50.0 M Array CGH Not stated Not stated
16p11.2 duplication syndrome (Breckpot et al., 1 Not stated F Array CGH Not stated Not stated
2016)
17p13.3 duplication (Breckpot et al., 2016) 1 Not stated M Array CGH Not stated Not stated
22q11.21 duplication (Breckpot et al., 2016) 1 Not stated M Array CGH Not stated Not stated
2qg22.1 deletion (Raffin et al., 2018) 1 19.0 M Microarray Not stated Not stated
7g36.2 duplication (Stowe et al., 2014) 1 21.0 M Microarray Not stated Not stated
8p23.3 deletion (Raffin et al., 2018) 1 17.0 M Microarray Not stated Not stated
Aicardi-Goutieres syndrome (Ayrolles et al., 1 15.0 F Not stated Median 1 Median 90 days
2020)
Baraitser-Winter cerebrofrontofacial syndrome 1 18.0 M Karyotype Not stated Not stated
(Diab et al., 2022)
Creutzfelt-Jacob disease (Grande et al., 2011) 1 80.0 F Not stated Not stated Not stated
Dravet’s syndrome (Gobbi et al., 2008) 1 14.0 F Not stated Median 1 Median 30 days
Fragile X premutation (Winarni et al., 2015) 1 25.0 M Not stated 1 365 days
Pantothenate kinase-associated 1 28.0 M Not stated 1 Not stated 12 days
neurodegeneration (Pawar, Kalra,
Sonavane, & Shah, 2013)
Hereditary coproporphyria (Offenstadt et al., 1 34.0 M Biochemical (urinary 1 30 days
1980) porphobilinogens and
coproporphyrines)
Hyperprolinemia (Raffin et al., 2018) 1 14.0 M Not stated Not stated Not stated
Kleefstra syndrome (Raffin et al., 2018) 1 17.0 F Not stated Not stated Not stated
(Continued)
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Table 3. (Continued)

Age at first Number of Duration of
Cases catatonia, Genetic diagnostic catatonic index catatonic

Condition reported  mean (SD) Sex method episodes episode/days

Klinefelter syndrome (Barnardo, 1 42.0 M Clinically defined 1 Not stated
Pathmanaban, Dawood, & Anderson, 2007) syndrome

Lafora disease (Katz, Chellamani, & Hauptman, 1 20.0 M Clinically defined 1 Not stated
2022) syndrome

NLGN2-related neurodevelopmental disorder 1 21.0 M Exome sequencing 1 42 days
(Shillington et al., 2021)

Pitt-Hopkins syndrome (Vieira, Schlittler, Vieira, 1 23.0 F Not stated 1 33 days
Celeri, & Banzato, 2021)

Porphyria unspecified (Arnott, Lehembre, 1 22.0 F Not stated 1 30 days
Lambert, & Dequiedt, 1972)

Prader-Willi Syndrome (Poser & Trutia, 2015) 1 25.0 F Not stated 2 Not stated

Rett syndrome 1 17.0 M Exome sequencing 1 Not stated

(Pollini et al., 2020)

Sanfilippo syndrome/MPS Il (Raffin et al., 2018) 1 18.0 F Molecular diagnosis Not stated Not stated

SCN2A-related disorder (Leroy et al., 2018) 1 4.0 M Not stated Not stated Not stated

SHANK3-related disorder” (Yang et al., 2023) 1 19.0 F Exome sequencing Not stated Not stated

SHINE syndrome (Yang et al., 2023) 1 Not stated F Exome sequencing 1 Not stated

Smith-Kingsmore syndrome (Mormando, 1 19.0 M Whole genome 1 120 days
Garman, Mikoluk, & Francis, 2021) sequencing

White-Sutton syndrome (Cowan et al., 2022) 1 58.0 F Whole genome 2 Not stated

sequencing
Wolfram-like syndrome (Manysheva, 2021) 1 72.0 F Exome sequencing 1 Not stated
XO/XY-Mosaic (Deckert, Strik, & Fritze, 1992) 1 26.0 M Not stated 1 2920 days

Abbreviations: MPS-IIl — mucopolysaccharidosis type 3. SHINE — short stature, hyperextensibility, intellectual disability, nail abnormalities, ear abnormalities.

?Not clearly Phelan-McDermid syndrome
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Figure 1. Bar chart showing catatonic signs present in individuals with catatonia and a genetic condition.

associated with catatonic schizophrenia will be the same as catato-
nia of all causes. The first GWAS of catatonia was recently con-
ducted by Wilson et al. (2024), with no SNPs reaching a genome
wide level of significance. The sample size was small, however, and
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associations were revealed between catatonia and polygenic scores
for anxiety, bipolar disorder, and schizophrenia.

In our population, the course of illness was complicated by more
than one episode of catatonia in 28.1% of the population, similar to
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25.1% in a hospitalized catatonia cohort (Rogers et al., 2023).
Reporting of ethnicity was limited; however, 65% of reported cases
were of Asian ethnicity. While clinicians should remain mindful of
cultural influences on catatonia, this result should be interpreted
with caution given only one large Chinese study reported Asian
ethnicity (Yang et al.,, 2013).

Catatonia phenomenology and treatment in genetic
abnormalities

We did not identify a profile of catatonic features that can clearly
distinguish a genetic etiology across the lifespan. Stupor and mut-
ism were the most frequently reported symptoms, in keeping with
large catatonia cohorts not specifically looking at patients with
genetic abnormalities (Dawkins et al., 2022). There were no clear
differences in treatment response between cohorts with catatonia
with and without specified genetic abnormalities. ECT response
rates in our genetic populations (60% full response, 23% partial
remission, 5% no response) are broadly reflected in all causes of
catatonia (Luchini et al., 2015), as were benzodiazepine responses
(Pelzer, Van Der Heijden, & Den Boer, 2018). These results indicate
that catatonia presenting in patients with genetic abnormalities is
not unique in its phenomenology or treatment. It is however
important to recognize neurodevelopmental groups within our
cohort may show diverging trends not explored in this paper.

Psychosocial precipitants of catatonia

The role of psychosocial precipitants in catatonia is widely
described in the literature; catatonia has been conceptualized as a
response to fear (Moskowitz, 2004). As with mental illness broadly,
significant emotional trauma (Miles et al., 2019), deprivation, and
abuse have been identified as risk factors for catatonia (Dhossche,
Ross, & Stoppelbein, 2012). Many case reports in this review
described psychosocial precipitants prior to the onset of catatonia.
Termini et al. (2023) described an adolescent female with a 22q11.2
deletion, with memory difficulties, reduced verbal output and oral
intake, psychomotor slowing, along with blank staring periods
following a traumatic occurrence with an intimate partner. Simi-
larly, Torr and D’Abrera (2014) reported a case of catatonia in
Down’s syndrome triggered by the sudden deaths of two friends
and the departure of a favorite staff member. Holm (2014)
described a patient with a C9orf72 repeat expansion with cognitive
decline following the loss of a close friend and a suicide attempt
6 months prior to presentation. Severe regression occurred for a
patient after an untoward incident at school and for another patient
after her father’s unexpected death (Miles et al., 2019). Patients with
genetic syndromes associated with learning difficulties may there-
fore be particularly vulnerable to developing catatonia as a stress
response. Inequalities and discrimination often experienced by
these populations can lead to increased social isolation and unmet
mental health needs, increasing the vulnerability. There is evidence
in the literature of a higher incidence of catatonia in Black individ-
uals (Rogers et al., 2023) and Asian individuals (Mustafa et al.,
2012). This, as seen in our review, could prompt a consideration of
exploring social disadvantages related to ethnicity or migration
status.

Diagnosis

There are challenges to timely diagnosis and treatment of catatonia
(Moyal et al., 2022; Stowe et al,, 2014), including considerable
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heterogeneity in its presentation (Faedda et al., 2015). Individuals
with neurodevelopmental disorders may show catatonia-like
behavior, like increased slowness and difficulty initiating move-
ment (Wing & Shah, 2000), potentially creating difficulty recog-
nizing catatonia in these patients. This is reflected in clinical data
showing catatonia diagnosis is delayed by around 16 days in those
with neurodevelopmental disorders (Zappia et al., 2024). The
validity of rating scales has also been questioned in neurodevelop-
mental disorders. Some catatonic signs including mutism, grim-
acing, and agitation may differ in those with an intellectual
disability compared to those without (Breckpot et al., 2016). The
Bush Francis Catatonia Rating Scale (BFCRS) does not account for
regression symptoms in genetic syndrome-associated catatonia,
which may lead to underestimated severity (Moyal et al., 2022).
This may explain why improvement observed by families and
medical teams often exceeds BFCRS measurements (Moyal et al.,
2022). The BECRS also lacks pediatric and neurodevelopmental-
specific signs. Another challenge to prompt diagnosis could be
diagnostic overshadowing or therapeutic blindness (Torr & D’Ab-
rera, 2014), such as poorer recognition of depression in individuals
with catatonia and ASD.

Catatonia is a syndrome exhibiting alterations in motor, behav-
ioral, and vocal signs occurring in the context of medical, neuro-
logic, and psychiatric disorders (Mazzone, Postorino, Valeri, &
Vicari, 2014) The most common features are immobility, waxy
flexibility, stupor, mutism, negativism, echolalia, echopraxia, pecu-
liarities of voluntary movement, and rigidity (Medda et al., 2015).
Despite substantial overlap between the DSM-5 and ICD-11 diag-
nostic criteria for catatonia, marked heterogeneity of a diagnosis of
catatonia remains. In DSM-5, any combination of a minimum of
3 of 12 catatonic signs is used to diagnose catatonia, and catatonia
has been made a specifier for 10 disorders, including schizophrenia,
mood disorders, and general medical conditions. The four catatonia
diagnoses in ICD-11 are catatonia associated with another mental
disorder, catatonia induced by substances or medications, second-
ary catatonia syndrome, and catatonia unspecified.

Treatment

The most commonly used first-line treatments for catatonia in both
children and adults are benzodiazepines and ECT, with this also
observed in our review. In addition to GABA-A positive allosteric
modulators and antipsychotics, NMDAR antagonists such as dex-
tromethorphan/quinidine (Miles et al., 2019) and mood stabilizers
like lithium were used, especially when catatonia co-occurred with
atypical bipolar affective disorder (Breckpot et al., 2016; Verhoeven
et al,, 2020). Individuals with copy number variants may respond
differently to standard psychiatric treatment and when making
treatment decisions for them, it is crucial to take into account the
impact of multi-morbidity (Chawner, Watson, & Owen, 2021).
Chronic catatonia when signs were not identified early was associ-
ated with a poor response to standard treatments like lorazepam
and ECT (Moyal et al., 2022). In PMS benzodiazepines, while
reducing catatonic signs, were sometimes observed to increase
impulsivity, psychomotor arousal, confusion, and insomnia, pos-
sibly limiting their use in such cases (Mustafa et al., 2012). Unique
treatment options tried included successful use of tDCS in 4
patients with PMS (Moyal et al,, 2022), immunoadsorption in a
case of Aicardi-Goutiéres syndrome (Ayrolles et al., 2020), and
levodopa in a case of Baraitser Winter syndrome (Diab et al,
2022). One study also reported the use of psychosocial approaches
to augment treatment response; for example, Miles et al. (2019)
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found patients with Down’s syndrome improved more rapidly
when they interacted with others during treatment, while with-
drawal worsened when they were isolated.

Clinical course

There is evidence that patients may not return to their baseline level
of functioning even after improvement in catatonia signs (Faedda
et al., 2015). The re-emergence of signs of catatonia after cessation
of therapy (Cowan et al., 2022), breakthrough catatonia after ECT
(Culleton et al., 2022; Poser & Trutia, 2015), and protracted course
of catatonia (Ghaziuddin et al., 2015) requiring maintenance ECT
(Kohlenberg et al., 2020; Minamisawa et al., 2023; Torr & D’Abrera,
2014) has been well described. In comparison to patients with
psychiatric and medical disorders, catatonia in a Down’s syndrome
cohort demonstrated a chronic course, requiring ongoing treat-
ment to maintain recovery (Miles et al., 2019).

Limitations

This work is limited by the quality of the data used which comprised
mostly case reports. This study design was vulnerable to incomplete
reporting of case histories and limited follow-up for key outcomes.
Reporting of genetic testing methods was also incomplete across all
study designs. Where methodology was reported, genetic testing
was heterogeneous, and limited by the panels or markers included;
potentially leading to oversimplified conclusions.

Nearly all of the association studies used pedigrees with periodic
catatonia. Periodic catatonia is a very rare diagnosis with an esti-
mated lifetime population prevalence of 0.001% (Stober, Meyer,
et al,, 2000). It is a type of catatonia in which signs are present
episodically followed by periods of complete remission. It has been
suggested that discrepancies between association studies could pos-
sibly be attributed to the use of the Leonhard (1999) system, which
does not align with the ICD-10 diagnostic criteria and may not be
synonymous with ‘catatonic schizophrenia’ (Selch et al., 2007).

It is important to acknowledge the heterogeneous presentations
of catatonia described in this paper. There is significant diagnostic
heterogeneity because of the combinations of possible symptoms
for diagnosing catatonia. Therefore, it is recommended that
researchers report catatonia at the level of individual clinical signs
in publications. This would enable researchers to test for genetic
associations and treatment responses at the symptom level,
improving the understanding of this heterogeneous condition.
The diagnostic criteria for catatonia used in this paper do overlap
considerably (Oldham, 2024) providing confidence that the clinical
presentations do reflect a distinct entity. However, there remains
the possibility that the range of genetic abnormalities found reflects
distinct conditions, falsely diagnosed as catatonia. This represents
pervasive diagnostic issue across complex phenotypes, including
other neuropsychiatric disorders.

Future research

Our results point to a potential role of psychosocial triggers for
catatonia, particularly in those with genetic syndromes. Future
research should prioritize investigating gene—environment inter-
actions in catatonia to ultimately guide targeted prevention and
personalized treatment strategies for this complex neuropsychiatric
condition. Use of heterogeneous genetic testing modalities limits
the conclusions that can be drawn about genetic associations.
Future research should focus on systematically genotyping large
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cohorts of patients with catatonia; particularly in populations with
diversity in underlying condition and genetic ancestry.

Conclusions

Clinicians treating catatonia should be alert to the genetic disorders
conferring clinical vulnerability. While specific syndromes such as
Down’s syndrome, DiGeorge syndrome, and PMS have been fre-
quently associated, our data show catatonia can occur in a wide
range of genetic abnormalities. Catatonia often co-occurs with
psychiatric conditions, but it is unclear if the same variants in the
genome that predispose to psychiatric or intellectual disorders can
also precipitate catatonia. Therefore, genetic research in catatonia
patients may help uncover new therapeutic targets for this disorder
(Breckpot et al., 2016).
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