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Abstract

Background and purpose: Although psychiatric diagnoses are recognized in idiopathic
dystonia, no previous studies have examined the temporal relationship between idio-
pathic dystonia and psychiatric diagnoses at scale. Here, we determine rates of psychiat-
ric diagnoses and psychiatric medication prescription in those diagnosed with idiopathic
dystsuponia compared to matched controls.

Methods: A longitudinal population-based cohort study using anonymized electronic
health care data in Wales (UK) was conducted to identify individuals with idiopathic dys-
tonia and comorbid psychiatric diagnoses/prescriptions between 1 January 1994 and 31
December 2017. Psychiatric diagnoses/prescriptions were identified from primary and
secondary health care records.

Results: Individuals with idiopathic dystonia (n =52,589) had higher rates of psychiatric di-
agnosis and psychiatric medication prescription when compared to controls (n =216,754,
43% vs. 31%, p <0.001; 45% vs. 37.9%, p <0.001, respectively), with depression and
anxiety being most common (cases: 31% and 28%). Psychiatric diagnoses predominantly
predated dystonia diagnosis, particularly in the 12 months prior to diagnosis (incidence
rate ratio [IRR]=1.98, 95% confidence interval [Cl]=1.9-2.1), with an IRR of 12.4 (95%
Cl = 11.8-13.1) for anxiety disorders. There was, however, an elevated rate of most psy-
chiatric diagnoses throughout the study period, including the 12 months after dystonia
diagnosis (IRR = 1.96, 95% Cl = 1.85-2.07).

Conclusions: This study suggests a bidirectional relationship between psychiatric disor-
ders and dystonia, particularly with mood disorders. Psychiatric and motor symptoms in
dystonia may have common aetiological mechanisms, with psychiatric disorders poten-

tially forming prodromal symptoms of idiopathic dystonia.
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INTRODUCTION

Idiopathic dystonia is a hyperkinetic movement disorder with an
estimated prevalence of 1.2% [1]. It is characterized by sustained
muscle contractions and abnormal postures, impacting both physi-
cal and social functioning [2]. Historically, dystonia was considered a
psychiatric disorder, or labelled psychogenic, owing to the nature of
the symptoms, which are often exacerbated by stress. Dystonia, as
a diagnosis in itself, was initially proposed at the First International
Dystonia Symposium (1975), with reference made to its nonprogres-
sive nature and association with lesions of the nervous system [3].
Subsequently at least 25 Mendelian inherited genes have been iden-
tified and implicated in dystonia pathogenesis [4].

Prominent psychiatric symptoms have been recognized across
the spectrum of dystonic disorders [5], with multiple studies extend-
ing from broad dystonia diagnostic groups [6-9] to specific geneti-
cally inherited forms [10], with some focusing on specific psychiatric
disorders [11, 12], and others utilizing a broader approach [13]. These
studies have consistently identified elevated rates of depression and
anxiety [9, 14, 15], as well as higher rates of phobias, notably social
phobia and agoraphobia, and obsessive-compulsive disorder [7, 10].

Debate continues as to whether these psychiatric symptoms
represent a primary phenotypic component of dystonia or are a
secondary response to a chronic disabling disorder. Studies focused
on genetically defined populations have provided some support for
these being a component of the dystonia phenotype, with asymp-
tomatic and symptomatic carriers of the DYT1 (TOR1A gene, encod-
ing torsin A) mutation demonstrating an increased risk of early onset
and recurrent depression compared to controls [11]. In addition,
studies have shown stable psychiatric symptoms in the context of
varying motor severity scores [15], onset of mood disorders prior to
the emergence of motor symptoms [14, 15], and nonmotor symp-
toms not correlated with motor severity [16, 17].

Studies have yet to examine the rate and temporal relationship of
psychiatric disorders at scale in idiopathic dystonia. Use of detailed
population-based data overcomes both recall and referral bias, and a
longitudinal linkage approach has the potential to examine the asso-
ciation and subsequent risk of comorbid psychiatric disorders in pre-
and post-dystonia diagnostic periods. Using the Secure Anonymised
Information Linkage (SAIL) Databank, this study represents the first
to undertake case-control comparison, examining the rate and tem-
poral pattern of psychiatric diagnoses and prescribed psychiatric

medication in idiopathic dystonia.

METHOD
Study design and data sources

Using a cohort and case-control design, we investigated the rate of
psychiatric diagnoses and medication in individuals diagnosed with
dystonia, and its associated risk of psychiatric diagnoses within the
SAIL Databank (Swansea University, UK: www.saildatabank.com).

SAIL is a data repository containing anonymized, routinely collected
health, education, and social care data covering the population of
Wales. Clinical and demographic data are provided from several
sources, including primary and secondary care records. Records can
be linked between datasets for research purposes; the linkage pro-
cedures and approaches of the SAIL Databank have been reported
previously [18].

Derivation and diagnostic validation of the dystonia cohort
have been described elsewhere [1]. In brief, we developed a case-
ascertainment algorithm to identify individuals with idiopathic
dystonia within primary and secondary care datasets. A reference
population of 90 patients with a clinically confirmed diagnosis of
adult onset idiopathic focal cervical dystonia (AOIFCD) was anon-
ymously linked to records in SAIL. Codes relevant to dystonia were
reviewed, and the final code list was created to maintain reason-
able sensitivity (79% sensitivity). A person was defined as having
a diagnosis of dystonia if their primary or secondary care records
contained a Read code or International Classification of Diseases
version 10 (ICD-10) code for dystonia (Table S1). Using this previ-
ously validated method, 54,966 individuals with an idiopathic dysto-
nia diagnosis were identified between January 1994 and December
2017. Figure S1 demonstrates derivation of the dystonia cohort. Our
focus was on investigation of those with a diagnosis of idiopathic
dystonia according to the most recent dystonia classification system
[2], and therefore potential causes or diagnoses leading to a second-
ary dystonia were excluded from this cohort.

We obtained data on psychiatric diagnoses and prescribing in-
formation using primary care (Welsh Longitudinal General Practice
dataset [WLGP]) and secondary care datasets (Patient Episode
Database for Wales and Outpatient Dataset) between January 1994
and December 2017. Read codes can be used to attain information
on diagnoses, prescriptions, symptoms, and administrative proce-
dures, with previous work demonstrating the accuracy of primary
care coding in the UK [19]. Primary care and secondary care data
were available for ~80% and 100% of the Welsh population, respec-
tively. We recorded demographic characteristics including age, sex,
General Practice (GP) registration history, and deprivation index
using the Welsh Index of Multiple Deprivation (WIMD) and the
Welsh Demographic Data Service, which contains data on all per-

sons registered with a primary care practice in Wales [20].

Study cohort

The dystonia cohort consisted of 54,166 individuals diagnosed with
dystonia between January 1994 and December 2017 [1]. This cohort
was subdivided into those <20years and 220years of age at dysto-
nia diagnosis to reflect the current dystonia classification system [2].
Dystonia cases were matched to a control population (n = 216,574)
on year of birth, sex, year of study entry, year of follow-up, and dep-
rivation index quintile. Those with a primary and potential second-
ary cause of dystonia were excluded (Table S2). The majority of the
dystonia cohort (n = 54,121, 99.9%) were randomly matched on a 1:4
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(case:control) basis using those with WLGP records; however, this
was not possible for the remaining 45 cases, each of which were
match on a ratio of 1:1-3. Individuals prescribed an antipsychotic
prior to a diagnosis of dystonia were excluded so as not to include
potential cases of drug-induced dystonia (n = 1577). Included indi-
viduals were required to be resident in Wales at the time of index
date and have an age, sex, and GP registration date recorded. We
defined the index date as the date of first dystonia diagnosis for dys-
tonia cases and their respective matched controls. Due to the small
sample size, those with "other" and "unspecified" dystonia were
combined.

Ascertainment of psychiatric diagnosis and
prescriptions

An individual was defined as having a psychiatric disorder if their
GP (primary care) or hospital record (secondary care) contained
a previously validated Read version 2 or ICD-10 diagnosis code
(Table S3) [21]. We included codes for depression, anxiety, severe
mental illness (SMI; schizophrenia, schizotypal and delusional dis-
orders, bipolar disorder, other mood-related disorders, and other
severe mental illness), substance use disorder (SUD), eating dis-
orders, attention-deficit/hyperactivity disorder (ADHD), autism
spectrum disorder (ASD), and conduct disorder. Use of hypnotics,
antidepressants, anxiolytics, and antipsychotics was obtained from
primary GP records (Table S4) without inference to their diagno-
sis [22, 23]. Individuals with dystonia who were prescribed a ben-
zodiazepine (Table S5) and had no recorded psychiatric diagnoses
were considered to have no recorded psychiatric medication due to
benzodiazepines, at times, being used to manage the motor symp-
toms of dystonia. The majority of medications are electronically
prescribed by GPs, whereby a Read code is entered for each pre-
scription (e.g., monthly). Diagnoses and prescription records were
obtained throughout the study period (January 1994-December
2017), although only those recorded 12years before to 12years
after the index date were analysed. In an attempt not to bias find-
ings, we limited our analysis to this period due to differences in data
availability dependent upon when an individual received a dystonia
diagnosis (Figure S2). Psychiatric outcomes were examined individ-
ually and combined as all psychiatric diagnoses/prescriptions when
investigating first-time psychiatric events.

Deprivation score

Deprivation scores were derived using WIMD 2014 quintiles accord-
ing to Lower Super Output Area (LSOA) of residence (2011). WIMD
identifies and ranks all LSOAs in Wales from 1 (most deprived) to
1909 (least deprived); each LSOA is then grouped into quintiles
(1=most deprived, 5=least deprived) [20]. The WIMD quintile was
assessed at three dates, entry into the study dataset, index date, and

the end of the study (December 2017), deregistration from GP, mov-

ing out of Wales, or the time of death.

Statistical analyses

Data were analysed using R software (v4.1.3). Dystonia and control
groups were compared using chi-squared tests. Poisson regres-
sion was used to calculate the incidence rate ratio. Psychiatric di-
agnoses and prescriptions occurring on the same day as the index
date were included in the year before the index date time period.
Logistic regression was used to calculate the association of psy-
chiatric disorders or prescribed psychiatric drugs and the risk of
idiopathic dystonia, expressed as odds ratios (ORs), both with 95%
confidence intervals (Cls) and with Bonferroni correction (p = 0.002
and p = 0.005, respectively). Regression analyses were adjusted for
time in study. Wilcoxon signed-rank tests were used to determine
changes in WIMD quintile.

RESULTS

A total of 28,666 idiopathic dystonia cases (54.5%) and 96,705
controls (44.7%) were identified as having a psychiatric diagnosis
or prescription. Of these, 22,682 cases (43.1%) and 67,458 (31.1%)
controls had a new psychiatric diagnosis, and 23,793 cases (45.2%)
and 82,096 (37.9%) controls were prescribed a new psychiatric medi-
cation, both demonstrating significantly higher levels in the dystonia
cohort compared to controls (p <0.001; Table 1).

Psychiatric diagnoses

Individuals with idiopathic dystonia and all subtypes were sig-
nificantly more likely to be diagnosed with multiple (two or more)
psychiatric diagnoses when compared to controls (p <0.001;
Figure 1ai). In those with dystonia, cervical dystonia, and tremor, a
higher frequency of multiple diagnoses was also observed in both
age categories but was greater in those 220years old at diagnosis
(p <0.001; Figure 1aii, Table S6). The proportions of diagnoses by
age, pre- and postdiagnosis, are shown in Figure 2a. First recorded
diagnoses of anxiety (p = 0.002), conduct disorder (p <0.001),
depression (p <0.001), and SUD (p <0.001) predated dystonia di-
agnosis, whereas a higher rate of ASD and SMI (p <0.001) diagno-
ses postdated overall dystonia. A comparable incidence of ADHD
(p = 0.7) and eating disorder (p = 0.06) was observed before and
after dystonia diagnosis (Table 1). Similar patterns were observed
among those with dystonic tremor, whereas depression, anxiety,
and SUD predated blepharospasm and other dystonia (p <0.001).
Interestingly, incidence of depression was comparable (p = 0.7) and
higher rates of anxiety were observed after cervical dystonia diag-
nosis (p <0.001).
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wileyonlinelibrary.com]

other/unspecified dystonia were at highest risk for SMI (aOR = 3.67,
95% Cl = 2.37-5.4) and ADHD (aOR = 3.66, 95% Cl = 1.66-6.89).
ASD was not associated with subtypes of dystonia, except for dystonic
tremor (aOR = 1.58, 95% Cl = 1.24-1.98).

Anxiolytic prescriptions were almost two times higher
(aOR = 1.61, 95% Cl =
risk was lower but comparable for prescription of antidepressants
and hypnotics (@OR = 1.39, 95% Cl = 1.36-1.42; aOR = 1.3, 95%
Cl = 1.26-1.33). Interestingly, among dystonia overall and cervical

1.57-1.65) in dystonia patients, whereas

dystonia, risk of use of antipsychotics was reduced (aOR = 0.77, 95%
Cl = 0.72-0.82; aOR = 0.54, 95% Cl = 0.5-0.6), whereas risk was
increased in other dystonia and tremor (aOR = 1.98, 95% Cl = 1.35-
2.8;a0R =1.3,95% Cl = 1.19-1.43; Table S9). However, we excluded
individuals who were prescribed an antipsychotic medication prior to

their dystonia diagnosis so as not to include potential cases of drug-
induced dystonia.

Comparative risk of psychiatric diagnosis and/or
prescription of psychiatric medication

There was an increased risk of psychiatric diagnosis and prescrip-
tion in those with dystonia across the entire study period, with this
increasing in the year on either side of dystonia diagnosis. A similar
pattern was observed for anxiety and depression, and their asso-
ciated oral medical therapies, whereas other psychiatric diagnoses
(e.g., SMI and eating disorders) demonstrated a more consistent in-
creased risk (Figures 5 and 6).
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DISCUSSION

This large data linkage study demonstrates a significantly higher rate
of psychiatric diagnoses and/or prescription of medication in indi-
viduals diagnosed with dystonia, compared to matched controls. This
difference was greater in the period predating a dystonia diagnosis.

We found higher rates of all psychiatric disorders in those with
idiopathic dystonia and subtypes, with depression and anxiety being
the most commonly diagnosed, and panic disorder (2.6%), specific
isolated phobia (0.9%), and generalized anxiety (0.6%) the most com-
mon anxiety subtypes, comparable to that seen in multiple cross-
sectional studies of idiopathic dystonia [14, 24, 25]. The rates of
psychiatric diagnoses within the control population were in keeping
with those estimated within the UK, including depression and anxi-
ety disorders (21.4%) [23], ASD (0.5%) [26], and severe mental illness
(0.7%) [27]. Among the dystonia cohort and when broken down by
subtypes, antidepressants and anxiolytics were the most frequently
prescribed psychiatric medication. A higher number of individuals
were prescribed medication compared to those who received a di-
agnosis (56% vs. 43%), potentially relating to the stigma associated
with a psychiatric diagnosis, or because a prescription might imply a
diagnosis. Alternatively, medications may have been prescribed for a
nonpsychiatric diagnoses such as neuropathic pain syndromes.

We noted higher rates of neurodevelopmental disorders and
conduct disorder in the <20-year-old dystonia group compared
to the 220-year-old group, whereas depression, anxiety, SMI, and
SUD were increased in the 220-year-old group. This likely reflects
commonality in diagnoses; ASD, ADHD, and conduct disorders are
considered in childhood/adolescence and tend to lessen with age

[28], whereas rates of depression, anxiety, and psychotic disorders
are more pronounced in adults [29]. Although neurodevelopmental
disorders can persist into adulthood, symptoms may be interpreted
differently, and this often results in misdiagnosis [30, 31].

Dystonia was also associated with a higher risk of all psychiat-
ric diagnoses, with the exception of SMI, most notably anxiety dis-
order, eating disorder, and depression (aOR = 1.64, 1.62, and 1.55,
respectively). Anxiolytics, antidepressants, and hypnotics were
also associated with higher risk (aOR = 1.61, 1.39, and 1.3, respec-
tively), whereas antipsychotics were associated with reduced risk
(aOR = 0.77). These results are consistent with the single other
population-based study undertaken to date, which showed in-
creased risk for depression, anxiety, ADHD, and ASD [24]. The
presence of a psychiatric diagnosis or psychiatric prescription,
however, does not appear to impact social deprivation, suggesting
neither social drift nor causation is evident with dystonia, similarly
observed in other neurological and psychiatric disorders [27, 32].

Our study is the first to investigate psychiatric comorbidity both
before and after dystonia diagnosis. The majority of work to date
has been limited to the period after dystonia diagnosis, with pre-
ceding data relying on recall and anecdotal information. These stud-
ies have estimated rates of 40%-69% of preceding mood disorders
[14], consistent with our findings, in which 57% of new psychiatric
diagnoses preceded the dystonia diagnosis. We also demonstrated
a significantly increased risk of a psychiatric diagnosis immediately
before and after dystonia diagnosis. This pattern is replicated across
multiple specific diagnoses, particularly anxiety, in which the risk
of developing an anxiety disorder is highest in the 5years leading
to dystonia diagnosis. Although this may reflect the recognized
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FIGURE 4 Change in Welsh Index of Multiple Deprivation (WIMD) quintile at entry in dataset and follow-up for controls and dystonia
cases by subtype: psychiatric diagnoses in cases (a; i), dystonia subtypes (c), and controls (a; iii); no psychiatric diagnoses in cases (a; ii) and
controls (a; iv); psychiatric prescriptions in cases (b; i), dystonia subtypes (d), and controls (b, iii); and no psychiatric prescriptions in cases (b;
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diagnostic delay with dystonia (average = 2years) [33], onset of dys-

tonia and psychiatric symptoms at a similar time point also poten-

tially indicates common causative pathways or mechanisms. Similar

temporal patterns were not observed across all diagnoses; for exam-

ple, the risk for SUD was increased in the 2 years leading to dystonia

diagnosis and most prominent in the 5years after dystonia diagnosis.

These results suggest that there may be a bidirectional relationship

between psychiatric disorders and dystonia, particularly with mood

disorders, whereby psychiatric symptoms may form a prodromal

component of dystonia, and following dystonia diagnosis there is an

increased susceptibility for psychiatric diagnosis. This is also con-

sistent with recent findings that support a susceptibility to psychi-

atric symptoms, where enrichment of genes linked with psychiatric

disorders, including obsessive-compulsive disorder, depression, and

schizophrenia, were observed in coexpression modules enriched for

dystonia-associated genes [34].

There was a significantly higher rate of psychiatric medication

prescription among those with dystonia compared to controls.

FIGURE 5 Trends in psychiatric diagnosis incidence rate ratios (IRRs) for dystonia subtypes in relation to controls, with 95% confidence
intervals. ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; SMI, severe mental iliness; SUD, substance use
disorder [Colour figure can be viewed at wileyonlinelibrary.com]

85U8017 SUOWILLIOD A1) 3|qeo [dde aup Aq peusenob ae Sappiie YO ‘8Sn JO S9Nl 10} Aeiq18UlUO A8]IM UO (SUORIPUOD-PUR-SLUBILICO" A3 (1M AeIq 1 BU1[UO//SdNL) SUORIPUOD pue SWie 1 8y} 88 *[£202/TO/TT] U0 AriqITaulUO A8]IM ‘WBWUBA0D A|qUIBSSY USPM AQ 0ESST @US/TTTT 0T/I0P/WO00 A8 ImAreIq Ul |uO//Sciy WO pepeojumod ‘2T ‘2202 ‘TEETSIYT


www.wileyonlinelibrary.com
www.wileyonlinelibrary.com

14681331, 2022, 12, Downloaded from https:/onlinelibrary.wiley.com/doi/10.1111/ene.15530 by Welsh Assembly Government, Wiley Online Library on [11/01/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

BIDIRECTIONAL RELATIONSHIP BETWEEN PSYCHIATRIC SYMPTOMS AND IDIOPATHIC

DYSTONIA

| 3523

Tremor Other Blepharospasm

Cervical Dystonia

Overall

Wil

(VA

i)

PN

EE)

Ayaixuy

uoissasdag

ans

INS

JapJosip Sune3

1onpuo)

aHav

asv




3524 BAILEY ET AL.
Overall Cervical Dystonia Blepharospasm Tremor Other

=

—

L H H H

> \ =

@)

(S}

2

= H H £

S ’ ’ ’

x

C

<

)

c

© |

" |

(%]

(O]

—

% £ / £ & j\ i H

3 (W R_al 107 W RN WA

e \

c I

<<

o ‘

= i \

o ¢ H £ //\/» H H

c g

o .

> 4y | <Y (/Y i . AW

T i

(S}

L

o

<

()

> & H g H £

2 5

k=3 k )

= 7

C /\/7 :

= - A !

FIGURE 6 Trends in psychiatric diagnosis incidence rate ratios (IRRs) for dystonia subtypes in relation to controls, with 95% confidence

intervals [Colour figure can be viewed at wileyonlinelibrary.com]

Notably, there was 13.1-fold increase in anxiolytics prescription in
the year prior to dystonia diagnosis, particularly in those with cer-
vical dystonia and other dystonia, potentially reflecting the initial
burden of a chronic disease diagnosis or again suggesting a poten-
tial common mechanistic pathway. However, it is important to note
that the majority of prescribed anxiolytic prescriptions were for
diazepam (92%), and general practitioners may prescribe diazepam
because of its added benefit in the management of dystonia symp-
toms. We sought to account for this by applying stringent exclusion
criteria. This increased risk of psychiatric medication prescription

gradually decreased over time, suggesting an absence of continued

accumulation of psychiatric symptoms as a secondary consequence
of a disabling motor disorder.

Several potential explanations for the association between
dystonia and psychiatric disorders may exist. First, a diagnosis of
dystonia is delayed, on average, by 2years from symptom onset.
During this time, 50% of patients report a negative personal im-
pact as a result of the delay [33], with the psychological stressors
experienced during this period contributing to both diagnosis and
prescription of psychiatric medication. There is also considerable
overlap in the cortical structures and neurotransmitters implicated

in dystonia and psychiatric disorder pathogenesis. Disruption of
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monoaminergic neurotransmission, notably striatal dopaminergic
and serotonergic pathways, has been identified across multiple
models of both disorders, with evidence of lower numbers of stri-
atal dopamine receptors, and striatal dopaminergic and midbrain
serotonergic binding in AOIFCD coupled with psychiatric symp-
toms [35-371].

Although this study represents a step change in the examination
of psychopathology in those diagnosed with dystonia, potential lim-
itations exist that are common to all routinely collected data sources.
First, it is possible that we included a proportion of cases without
dystonia, as we were unable to obtain measures of specificity in our
case ascertainment algorithm [1]. We excluded individuals with po-
tential secondary causes of dystonia, which may also have biased
the control group. Limited motor treatment data were available for
those diagnosed with dystonia, notably use of injectable botulinum
toxin, frequently used in the management of the motor symptoms
of dystonia but also known to impact psychiatric symptoms in the
same patient group [38-40]. We also had no access to the indica-
tion for prescribing, and whether the drug was dispensed or taken,
and it is possible some drugs may have been prescribed for dystonic
motor symptoms (e.g., diazepam). However, to account for this, we
excluded individuals with dystonia who were prescribed benzodiaz-
epines and had no recorded psychiatric diagnoses. Finally, individu-
als with dystonia may be more likely to seek medical treatment for a
psychiatric problem than our control cohort without a neurological
diagnosis, and in turn this may explain the increased incidence rates
among the cases.

Our study demonstrates that idiopathic dystonia and specific sub-
types of dystonia are associated with an increased risk for psychiatric
disorders and medication prescription when compared to controls.
Higher rates of anxiety and depression, and anxiolytic and antide-
pressant use, were observed across all dystonia subtypes. Psychiatric
disorders generally predated dystonia diagnosis, with incidence rates
peaking 12 months prior to dystonia diagnosis. These findings may in-
dicate that psychiatric disorders are either prodromal symptoms or re-
flect shared underlying pathophysiology. To a lesser extent, increased
risk of psychiatric diagnoses and prescriptions were also noted follow-
ing dystonia diagnosis, implying a potential bidirectional relationship.
Further prospective work, using both epidemiological and mechanis-
tic models, is needed to better understand the association between
dystonia and psychiatric symptomatology, with particular emphasis
on early diagnosis and therapeutic intervention.
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