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ABSTRACT: Background: Persistent motor or vocal
tic disorder (PMVT) has been hypothesized to be a forme
fruste of Tourette syndrome (TS). Although the primary
diagnostic criterion for PMVT (presence of motor or vocal
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Objective: The goals of this study were to compare the
prevalence and number of comorbid psychiatric
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disorders, tic severity, age at tic onset, and family history
for TS and PMVT.

Methods: We analyzed data from two independent
cohorts using generalized linear equations and confirmed
our findings using meta-analyses, incorporating data
from previously published literature.

Results: Rates of obsessive—compulsive disorder (OCD)
and attention deficit hyperactivity disorder (ADHD) were
lower in PMVT than in TS in all analyses. Other psychiat-
ric comorbidities occurred with similar frequencies in
PMVT and TS in both cohorts, although meta-analyses
suggested lower rates of most psychiatric disorders in
PMVT compared with TS. ADHD and OCD increased the
odds of comorbid mood, anxiety, substance use, and
disruptive behaviors, and accounted for observed differ-
ences between PMVT and TS. Age of tic onset was

o

approximately 2 years later, and tic severity was lower in
PMVT than in TS. First-degree relatives had elevated
rates of TS, PMVT, OCD, and ADHD compared with pop-
ulation prevalences, with rates of TS equal to or greater
than PMVT rates.

Conclusions: Our findings support the hypothesis that
PMVT and TS occur along a clinical spectrum in which
TS is a more severe and PMVT a less severe manifesta-
tion of a continuous neurodevelopmental tic spectrum
disorder. © 2021 The Authors. Movement Disorders pub-
lished by Wiley Periodicals LLC on behalf of International
Parkinson and Movement Disorder Society

Key Words: chronic tics; meta-analysis; severity;
Tourette

J

Persistent motor or vocal tic disorder (PMVT) is
hypothesized to be a forme fruste (milder version) of
Tourette syndrome (TS)."* This formulation is reflected
in the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5), where the diagnostic
criteria differ only in the requirement that either motor
or vocal tics be present in PMVT and that both be
present in TS.? During the planning phase, the DSM-5
committee on TS and tics considered merging these
disorders, citing lack of evidence of distinct etiologies.”
Ultimately, the distinct classifications were retained to
facilitate research of TS and PMVT separately to pro-
vide insights about their phenomenology.>*

Although tics are the distinguishing feature of TS,
76-90% of those who present for clinical care also
have one or more comorbid psychiatric illnesses,’™®
which contribute to the observed phenotypic heteroge-
neity of the disorder and have a strong influence on
clinical outcomes.” Attention deficit hyperactivity disor-
der (ADHD) and obsessive—compulsive disorder (OCD)
are the two most common psychiatric comorbidities,
and their presence increases the likelihood of potentially
impairing symptoms, such as social disinhibition and
self-injurious behaviors, other psychiatric disorders, and
the use of or need for pharmacological treatment.'**?

Despite its close clinical similarity to TS and higher
population prevalence, less work has been done to
characterize PMVT. In particular, it is unknown
whether its clinical presentation, outside of the manifes-
tation of tics, is similar to that of TS, or whether it has
different patterns of comorbidities, tic severity, age of
onset, or family history. To our knowledge, only two
publications have directly compared the clinical mani-
festations of PMVT and TS, both of which concluded
that, in terms of tic severity and psychiatric com-
orbidities, PMVT can be thought of as a less severe
(milder) form of TS.'*'* In the first study, PMVT and
TS were compared in a sample of patients with OCD,'?

while in the second, the characteristics of participants
with primary tic disorders were examined.'* These dif-
ferences in ascertainment strategy make direct compari-
son of these studies difficult and necessitate additional
work to more fully elucidate the similarities and differ-
ences between PMVT and TS.

The goals of this study were thus to evaluate the clini-
cal characteristics of PMVT and to compare them with
TS. Specifically, we aimed to compare the prevalence
and patterns of comorbid psychiatric disorders, tic
severity, and age of onset in PMVT versus TS in two
independent samples and to corroborate our findings
using meta-analysis in all available published and
unpublished datasets. We also examined and com-
pared rates of TS, PMVT, OCD, and ADHD in first-
degree relatives of probands with TS and those with
PMVT. We hypothesized that PMVT would appear
clinically to be a milder form of TS, with similar pat-
terns but lower prevalence of comorbidities, lower tic
symptom severity, and later mean age at onset for
both tics and comorbid psychiatric disorders. We also
hypothesized that rates of all disorders would be ele-
vated in family members compared with reported
population rates, and TS would be more common
than PMVT in first-degree relatives of TS probands
and similar in first-degree relatives of PMVT
probands.

Patients and Methods

Participants and Assessments

The first (Tourette Association of America Interna-
tional Consortium for Genetics [TAAICG]) sample con-
sisted of 2098 individuals with TS and 298 parents or
siblings with PMVT who were recruited in parallel for
genetic studies through the TAAICG.® Details regarding
recruitment, assessment, and clinical and demographic

1900 Movement Disorders, Vol. 36, No. 8, 2021
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sample characteristics have been previously published.®
In brief, lifetime psychiatric diagnoses were assessed
using the Structured Clinical Interview for DSM-IV in
adults and the Kiddie Schedule for Affective Disorders
and Schizophrenia in children.® Consensus lifetime
diagnoses and ages of onset were established for each
diagnosis.® The motor and vocal subscales of the Yale
Global Tic Severity Scale (YGTSS) were used to assess
tic severity at the worst-ever time point during the par-

ticipant’s lifetime (see Supporting Information for
details).'®

The second (OCGAS) sample consisted of 87 individ-
uals with PMVT and 84 with TS who were recruited
for genetic studies of OCD by the OCD Collaborative
Genetics Association Study (OCGAS).'® All participants
had OCD, with symptoms beginning before the age of
18 years. Details regarding enrollment, assessment, and
patients’ characteristics can be found elsewhere.'®
There was no overlap between the OCGAS and
TAAICG samples. Clinical assessments, including life-
time history of tic disorders, were conducted using an
extended version of the Structured Clinical Interview
for DSM-IV.'® Tic severity was measured using the
YGTSS, and age of onset of symptoms was reported for
each diagnosis.

Data Analysis

Age at interview, sex, and prevalence of lifetime his-
tory of comorbid psychiatric disorders were compared
between PMVT and TS using ¢ tests, Pearson chi-square
tests, or Fisher exact tests. The following comorbid dis-
orders were examined (see Supporting Information for
details): ADHD, OCD, mood, anxiety, disruptive
behavior, eating and psychotic disorders, substance
misuse, and elimination disorders.

Comparison of rates of lifetime psychiatric com-
orbidities, worst-ever tic severity, and ages at onset of
all diagnoses was next conducted using generalized
estimating equations covarying for sex, age at time of
interview, ADHD, OCD, and familial clustering.
Family history of TS, PMVT, OCD, and ADHD was
assessed and compared with expected rates under the
null hypothesis. Rates of individual disorders in family
members of TS probands were then compared with
those in family members of PMVT probands (see
Supporting Information for details).

Meta-analysis

A meta-analysis using all available published data
was conducted to corroborate findings identified in the
two primary datasets. To identify all available publi-
shed data, we performed a manual search of cited liter-
ature in relevant TS articles, followed by a systematic
search of the literature in MEDLINE (PubMed) (see
Supporting Information for details). Inclusion criteria

r CHRONIC

TICS VERSUS TOURETTE SYNDROME
were: (1) data for both PMVT and TS available, and
(2) data available for psychiatric comorbidities and/or
ages at tic onset and/or tic severity (YGTSS Motor
only) for PMVT and TS separately. Publications with
interventions (ie, pharmacological), non-PMVT or TS
tic disorders, data for TS only, and non-English manu-
scripts were excluded. Authors of identified articles
were subsequently contacted for additional information
as needed.

Seven studies were identified in the initial manual sea-
rch (Supporting Information Fig. S1). In the systematic
review, 40 full-text studies were screened out of
863 abstracts identified. Twelve studies met inclusion
criteria, of which four were also identified in the man-
ual search. One study included separate data for TS
and PMVT and was retained'”; the authors of the seven
remaining studies were contacted for additional infor-
mation.'®?* For these seven studies, either separate
data for TS and PMVT were not available or the
authors did not respond, and these studies were thus
excluded. The final meta-analysis included data from
eight published studies,>!>*17:2528 plus the TAAICG
and OCGAS samples. One study'” reported data on a
privately insured sample and a publicly insured sample,
which were considered separately, for a total of 11 sam-
ples (Table 1).

The reported prevalence rates of psychiatric com-
orbidities and age at tic onset were examined between
PMVT and TS across the studies by comparing the
odds ratios (ORs) of each group using a random-effects
model performed with STATA 16.1.”° The proportion
of individuals with only motor tics in the PMVT sam-
ples was also examined. A heterogeneity test was per-
formed to determine whether there were significant
differences in the reported values across studies.
Metaregressions and leave-one-out analyses were con-
ducted to identify sources of heterogeneity for those
meta-analyses demonstrating high heterogeneity.?*-*°
Metaregressions included sample size, ascertainment type,
mean age at interview, proportion of male participants,
proportion of individuals with OCD, and proportion with
ADHD as covariates. Leave-one-out analyses examined
the change in heterogeneity by excluding one study at a
time from the meta-analyses. Although not a formal test
of influence, this approach can be used to identify studies
exerting excessive influence on heterogeneity.>°

Results

Prevalence of Psychiatric Comorbidities

Baseline characteristics of participants in the
TAAICG and OCGAS samples are summarized in
Table 2. PMVT participants were older and more likely
to be female than were TS participants in TAAICG.
These differences were not seen in OCGAS.

Movement Disorders, Vol. 36, No. 8, 2021 1901
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TABLE 2. Baseline characteristics of participants with PMVT and TS in the TAAICG and OCGAS samples

Cohort PMVT, n/Total (%) with Available Data

TS, n/Total (%) with Available Data 2 (P)ort (P)

TAAICG

Age groups
<18y, n (%)
218y, n (%)

49/279 (17.6)
230/279 (82.4)

Mean age at interview, y 36.6 + 14.8
Sex
Female, n (%) 126/293 (43.0)
Male, n (%) 167/293 (57.0)
Comorbid disorders, n (%)
ADHD 62/291 (21.3)
0CD 126/296 (42.6)
Mood disorders 35/116 (30.2)
Anxiety disorders 371114 (32.5)
Disruptive behavior disorders 7/28 (25.0)
Eating disorders 4/113 (3.5)
Psychotic disorders 0/112 (0)
Substance use disorders 15/117 (12.8)
Elimination disorders 4/25 (16.0)

Score, mean =+ SD (no. of individuals)

Tic severity
Motor tics 10.6 & 4.6 (110)
Vocal tics 5.4 +3.0(11)
0CGAS
Age groups, n (%)
<18y 30/87 (34.5)
>18y 57/87 (65.5)
Mean age at interview, y 28.3 +15.7
Sex, n (%)
Female 43/87 (52.4)
Male 44/87 (49.4)
Comorbid disorders, n (%)
ADHD 18/87 (20.7)
0cD 87/87 (100)

Mood disorders
Anxiety disorders

58/87 (66.7)
69/87 (79.3)

Disruptive behavior disorders 5/87 (5.8)
Eating disorders 5/87 (5.8)
Psychotic disorders 1/87 (1.2)

Substance use disorders 13/87 (14.9)

Elimination disorders N/A
Score, mean =+ SD (no. of individuals)
Tic severity
Motor tics 9.54 + 3.06 (46)
Vocal tics 9.21 4+ 2.96 (29)

1373/2032 (67.6)
659/2032 (32.4)
19.2 +13.8

259.16 (<0.001)
18.42 (<0.001)

527/2066 (25.5)

1539/2066 (74.5) 39.23 (<0.001)

1099/2034 (54.0) 109.06 (<0.001)

1377/2098 (65.6) 59.07 (<0.001)
256/985 (26.0) 0.93 (0.33)
280/982 (28.5) 0.77 (0.38)
194/661 (29.3) 0.24 (0.62)
19/973 (1.9) 1.23 (0.27)
6/967 (0.6) 0.69 (0.40)
54/992 (5.4) 9.76 (<0.01)
128/723 (17.7) 0.05 (0.83)

Score, mean + SD (no. of individuals) t(P

17.2 + 4.7 (1329)
12.9 + 5.3 (1326)

—14.40 (<0.001)
—8.10 (<0.001)

33/84 (39.3)

51/84 (60.7) 0.4 (0.52)
26.3 + 15.0 0.09 (0.93)
39/84 (47.6)
45/84 (50.6) 0.15 (0.69)
20/84 (23.8) 0.24 (0.62)
84/84 (100) N/A
55/84 (65.5) 0.03 (0.87)
60/84 (71.4) 1.43 (0.23)
7/84 (8.33) 0.44 (0.51)
3/84 (3.6) 0.45 (0.50)
0/84 (0) 0.97 (0.32)
21/84 (25.0) 2.71 (0.1)
N/A
Score, mean =+ SD (no. of individuals) ttest

14.64 + 5.37 (64)
11.86 + 4.04 (61)

—5.78 (<0.001)
—3.16 (<0.01)

PMVT, persistent motor and vocal tics; TS, Tourette syndrome; TAAICG, Tourette Association of America International Consortium for Genetics; OCGAS, OCD Collab-
orative Genetics Association Study; ADHD, attention deficit hyperactivity disorder; OCD, obsessive-compulsive disorder; SD, standard deviation; N/A, not available.

PMVT and TS had similar prevalences of co-
occurring psychiatric disorders except ADHD, OCD,
and substance use disorders in both samples (Table 2).
Nearly half (52.8%) of PMVT participants in TAAICG
had either ADHD or OCD, and 20.7% had both, com-
pared with 80.5% of TS participants with either OCD
or ADHD and 42.1% with both (Supporting Informa-
tion Table S1). To determine whether the observed dif-
ferences between TS and PMVT were due to age
effects, the samples were stratified by age. These results
(Supporting Information Tables S1 and S2) indicated
that, although ADHD prevalence decreased with age
and OCD prevalence increased with age, TS

participants in TAAICG still had significantly higher
rates of ADHD than those with PMVT across the age
strata, whereas ADHD rates were only slightly higher
for TS compared with PMVT in OCGAS. Prevalence
rates for all psychiatric disorders were similar when the
TAAICG sample was limited to those who also had co-
occurring OCD to be directly comparable with OCGAS
(data not shown).

We next evaluated the relationship between TS and
PMVT with each psychiatric comorbidity, adjusting for
age, sex, OCD and ADHD, and familial clustering. These
results confirmed the unadjusted results: there were no dif-
ferences for psychiatric comorbidities in either sample other

Movement Disorders, Vol. 36, No. 8, 2021 1903
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than OCD and ADHD, both of which were half as likely
to occur in PMVT than in TS (Supporting Information
Table S3). Rates of mood, anxiety, substance use, and dis-
ruptive behavior disorders were positively associated with
presence of ADHD and OCD. Rates of most psychiatric
comorbidities also differed by age and sex for both PMVT
and TS (Supporting Information Tables S1-54).

Number of Psychiatric Comorbidities

Approximately 50% of individuals with PMVT or
TS in TAAICG and 20% in OCGAS had no psychiat-
ric comorbidities other than ADHD and OCD
(Supporting Information Fig. S2). PMVT/TS status
was not associated with number of psychiatric com-
orbidities in either sample after controlling for age,
sex, age at tic onset, and co-occurring OCD and
ADHD (TAAICG: coefficient [coeff] = —0.13, 95%
confidence interval [CI] = -0.43 to 0.17, P =0.39;
OCGAS: coeff = —-0.03, 95% CI = —-0.64 to 0.58,
P =0.92), suggesting that the higher rate of individ-
uals with psychiatric comorbidities in OCGAS was
secondary to co-occurring OCD.

Tic Severity

Motor and vocal tic severity, as measured by the
YGTSS Motor Tic and YGTSS Vocal Tic Scores,
respectively, were significantly lower in individuals with
PMVT than in those with TS in both samples (Fig. 1).
Because the number of individuals who endorsed vocal
tics only was very small, additional analyses were con-
ducted for motor tic severity only. Differences in
YGTSS Motor Tic Scores between PMVT and TS
persisted after adjusting for familial clustering, age at
interview, age at tic onset, ADHD, OCD, and sex
(Supporting Information Table S3).

Age of Onset

The mean age of tic onset in PMVT was approxi-
mately 2.5 years later than in TS for both samples, after
controlling for sex and age at interview (Supporting
Information Table S6). In the TAAICG PMVT sample,
mean age of tic onset was similar for motor and vocal
tics (8.4 & 3.6 and 8.8 + 3.7 years, respectively). In the
OCGAS PMVT sample, the mean age of motor tic
onset was slightly later than for vocal tics (11.4 &+ 6.6
and 9.0 + 4.3 years, respectively). There were no signif-
icant differences for either sample in the mean ages at
onset for any of the comorbid psychiatric disorders,
including OCD and ADHD, after controlling for sex
and age at interview (Supporting Information Table S6
and Fig. 2). The patterns of symptom onset for the psy-
chiatric comorbidities were similar for PMVT and TS,
with ADHD and disruptive behavior disorders begin-
ning earlier, followed by tics, OCD, anxiety and mood
disorders, and substance misuse at a later age.

Family History

Rates of TS, PMVT, OCD, and ADHD were substan-
tially higher in first-degree relatives of probands com-
pared with  reported population  prevalences
(Supporting Information Tables S7 and S8). About
45.7% of TAAICG probands with TS or PMVT had a
family member with TS, compared with 18.1% with
PMVT. About 13.8% of OCGAS probands with TS or
PMVT had a family member with TS, compared with
6.3% with PMVT. Bilineality (both parents with the
disorder) was also elevated in the TAAICG sample,
which consisted disproportionately of TS probands. TS
and PMVT rates were consistently higher in fathers
than in mothers, consistent with the known male pre-
dominance of tic disorders."* There were no significant
differences in family member rates of PMVT or TS in
TS versus PMVT participants, with one exception: in
mothers, TS was more common in TS probands, and
PMVT was more common in PMVT probands,
although this difference was significant in the OCGAS
sample only (Supporting Information Table S8).

Meta-analyses

Because the two primary study samples differed in
ascertainment and characteristics, meta-analyses were
conducted to confirm and extend the primary findings.
Of the 11 datasets, 4 were clinically ascertained, 4 were
community based, and 3 were registry based (Table 1).
Two samples were composed solely of individuals with
OCD and co-occurring tic disorders (OCGAS and Diniz
et al'?). Consistent with our primary findings, the meta-
analyses suggested that odds of OCD and ADHD were
both lower in PMVT than in TS (Fig. 3A,B). In particu-
lar, the odds of comorbid OCD were more than 50%
lower in PMVT compared with TS (OR = 0.37, 95%
CI, 0.31-0.44, z = —11.49, P < 0.001), with low hetero-
geneity across studies (n = 7; I = 0%, P = 0.771). The
odds of ADHD were 51% lower in PMVT when com-
pared with TS, but this meta-analysis showed high het-
erogeneity (n = 10, I =89.8%, P <0.001; Fig. 3B).
Examination of the forest plots indicated that studies
with either small (<100) or large (>1000) sample sizes
showed the strongest evidence of heterogeneity. A meta-
regression including sample size, mean age, proportion
of males with tics, and the proportion of OCD did not
explain the high heterogeneity (data not shown), and
leave-one-out analyses suggested that the TAAICG
study was a relative outlier, although none of the esti-
mated ORs fell outside the Cls for the combined analy-
sis (Supporting Information Fig. S3).

Metaregression was also suggestive of lower odds of
mood disorders for PMVT than for TS (OR = 0.67;
95% CI, 0.43-1.03; z =—-1.63; P =0.104; Fig. 3C),
although this finding was not statistically significant,
and there was high heterogeneity between studies

1904 Movement Disorders, Vol. 36, No. 8, 2021



L

( A) Motor tic severity in TAAICG sample

(\I\‘) 4 ———

P <0.001
8 -
u=173

8
F wl]
g by
2
8 o 10.7

2 u = 10.
o
>

w4

.
o
o — @
PMVT TS

(C) Vocal tic severity in TAAICG sample

Q

P =0.002

g -
8
E o
g p=12.9
2 —
0
0 o
=4 -~
(0]
>

u=54
w -
1
o .
PMVT TS

r CHRONIC

TICS VERSUS TOURETTE SYNDROME
(B) Motor tic severity in OCGAS sample
& P<0.001
8 -
7 .
é o __ e u=14.6
g e
2
B o
5 7 =95
>
w0
ol S
PMVT TS
(D) Vocal tic severity in OCGAS sample
cua 4
P=0.030
8 -
B
F ool .
g °
S n=11.9
[2]
2 2
o
>
0 - S |
°
oA
PMVT TS

FIG. 1. Yale Global Tic Severity Scale (YGTSS) Motor and YGTSS Vocal tic severity subscale scores in individuals with persistent motor and vocal tics
(PMVT) versus Tourette syndrome (TS) in the Tourette Association of America International Consortium for Genetics (TAAICG) (A,B) and (OCGAS) (C,D)
samples. Note that only PMVT participants with motor tics were included in the YGTSS Motor tic severity subscale analysis, and only PMVT partici-
pants with vocal tics were included in the YGTSS Vocal tic severity subscale analyses.

n = 8 I =87.4%; P <0.001). Metaregression
suggested that this heterogeneity was explained by the
mean age of the cohort (coeff = 0.50; 95% CI, <0.01-
1.00; z =1.96, P = 0.050) and the proportion of indi-
viduals with ADHD (coeff = 0.02; 95% CI, <0.01-
0.05; z =2.13; P =0.033), with older age and higher
ADHD rates contributing to higher odds of mood dis-
orders. Leave-one-out analyses did not identify exces-
sive influence on the results from any single study
(Supporting Information Fig. S3). There were no differ-
ences between PMVT and TS in the odds of comorbid
anxiety (n = 6; OR = 0.95; 95% CI, 0.82-1.09; z =
—0.74; P =0.461). As hypothesized, the presence of
anxiety was associated with the mean age of the cohort
(coeff = 0.70; 95% CI, 0.13-1.27; z = 2.42; P = 0.016)
and proportion of individuals with OCD (coeff = —0.14;
95% CI, —0.26 to —0.22; z = —2.31; P = 0.021). Odds
of disruptive behaviors (n = 8; OR = 0.60; 95% CI,
0.52-0.71; z = — 6.19; P < 0.001) and psychotic disor-
ders (n = 5; OR = 0.53; 95% CI, 0.31-0.90, z = —2.35;

P =0.019) were lower in PMVT than in TS, and
between-study heterogeneity was low (Fig. 3).
Metaregressions suggested that co-occurring ADHD
and OCD were not associated with disruptive behaviors
(OCD: coeff = 0.06, 95% CI, —0.05 to 0.18, z = 1.08,
P =0.282; ADHD: coeff = 0.02, 95% CI, -0.02 to
0.07,z=1.10, P = 0.269) or psychotic disorders (OCD:
coeff = —-0.02, 95% CI, —-0.17 to 0.12, z = —0.29,
P =0.771; ADHD: coeff = —0.05, 95% CI, —0.28 to
0.18, z = —0.43, P = 0.666 for ADHD). Secondary ana-
lyses excluding the OCGAS and Diniz et al'® samples
did not substantially change the results of the meta-
analyses (Supporting Information Fig. S4).

Tics presented approximately 2 years later in PMVT
than in TS (n = 4; mean difference = 2.27; 95% CI:
1.95-2.58 years; z = 14.26; P < 0.001), but these results
were highly heterogenous (I* = 71.0%, P = 0.016), pri-
marily because of study differences in sample size
(coeff = 0.001; 95% CI, <0.001-0.002; z =3.01;
P =0.003) and mean age at interview (coeff = 0.42;
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FIG. 2. Ages of onset of tics and comorbid psychiatric disorders in persistent motor and vocal tics (PMVT) versus Tourette syndrome (TS). Ages of
onset are arranged in chronological order. Left panel, Tourette Association of America International Consortium for Genetics (TAAICG) sample. Right
panel, OCD Collaborative Genetics Association Study (OCGAS) sample. ADHD, attention deficit hyperactivity disorder; OCD, obsessive-compulsive

disorder.

95% CI, 0.136-0.696; z = 2.91, P = 0.004) (Fig. 3G).
YGTSS Motor tic severity was lower for PMVT than
TS (n = 2; mean difference = —5.30 YGTSS; 95% CI,
—8.13 to —2.47; z = =3.67; P < 0.001), but we did not
find published studies that reported these scores in
PMVT and TS separately, thus limiting our analysis to
TAAICG and OCGAS samples. Almost 60% of those
with PMVT had motor tics (Fig. 3H). However, the
findings for tic severity and proportion of individuals
with pure motor tics showed high heterogeneity
(I* =87.9%, P =0.004 and I* =88.7%, P <0.001,
respectively), and it was not possible to verify the
source of heterogeneity using metaregression analyses.
Secondary analyses excluding the OCD samples
resulted in a similar age of onset estimate but a substan-
tially higher proportion of motor tics in PMVT com-
pared with vocal tics (Supporting Information Fig. S4).

Discussion

The results of this study support the concept that,
rather than being clinically distinct disorders, TS and
PMVT may be more accurately construed as different
levels of severity of the same disorder. Although there
was some heterogeneity between studies, the overall
results of this study suggest that, as hypothesized, indi-
viduals with PMVT had lower tic severity, later age of
tic onset, strong family histories, and lower or similar
rates of psychiatric comorbidities among individuals
when compared with those with TS. Ages of onset for

the psychiatric comorbidities did not differ after con-
trolling for age and comorbid OCD and/or ADHD, nor
did total number of psychiatric comorbidities (eg, total
psychiatric burden). The prevalence of motor and vocal
tics was split nearly evenly in the PMVT samples, with
just more than half of individuals presenting with
purely motor tics.

As with TS, individuals with PMVT presented with
high rates of psychiatric comorbidities, most commonly
OCD and ADHD, which occurred in between 20% and
60% of participants across studies. Although the odds
of comorbid OCD and ADHD were generally lower in
PMVT than in TS, the rates of these disorders were still
approximately 10 times higher than would be expected
based on general population rates (approximately 2%
and 6%, respectively).”’ ADHD and OCD are known
to be the most common psychiatric comorbidities in
patients with TS, and they have been identified as core
components of the syndrome, with shared genetic
etiologies,>*° such that many clinicians who treat TS
colloquially refer to the co-occurrence of these three
disorders as “TS-plus.”>’

Co-occurring OCD and ADHD were also indepen-
dent predictors of the presence of additional psychiatric
comorbidities, irrespective of type of tic disorder. This
finding is particularly relevant because the combination
of ADHD and OCD in individuals with a tic disorder is
associated with greater global impairment, higher need
for psychiatric medications, family history of tics, and
greater tic severity.” Similarly, individuals with TS and
comorbid ADHD have more maladaptive behaviors,
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Study OR (95% CI) Weight
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>1000
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(B) Odds of ADHD in PMVT vs. TS .
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FIG. 3. Forest plots comparing the prevalence of psychiatric comorbidities (A-F), age of tic onset (G) in individuals with persistent motor and vocal tics
(PMVT) and Tourette syndrome (TS), and proportion of individuals with pure motor tics (H) stratified by sample size. ADHD, attention deficit hyperactiv-
ity disorder; ClI, confidence interval; OCD, obsessive-compulsive disorder; OR, odds ratio. [Color figure can be viewed at wileyonlinelibrary.com]

lower cognitive skills, and a greater disability burden
because of motor and executive control deficits.>*>®
Although the question has never been formally exam-
ined to our knowledge, the same may be true of indi-
viduals with PMVT, albeit to a lesser degree.

The results of this study suggest that clinically these
disorders are more similar than they are different, and
they likely represent a single entity manifested along a
severity spectrum where TS is the most severe manifes-
tation. Similarly, although we cannot examine the
underlying etiology of these disorders in this study,
results from previously published genetic studies sug-
gest that TS and PMVT fall along a single etiological
spectrum.>® In support of this concept, we found that
first-degree relatives, in particular parents, of TS and
PMVT probands had elevated rates of both TS and
PMVT, as would be expected if these disorders were
due to the same underlying genetic factors. Although
sample sizes were small for the family analysis, TS rates

were higher in family members than were PMVT rates,
regardless of whether the proband had TS or PMVT,
suggesting that environmental or epigenetic factors, in
combination with underlying genetic susceptibility, may
also partly determine whether TS or PMVT develops in
a given individual.

Significance and Clinical Implications

Elucidating the clinical manifestations of neuropsy-
chiatric disorders is critical for understanding their eti-
ologies, predicting the likely course of illness, providing
effective treatment, and maximizing functioning and
quality of life. This study, which quantifies the preva-
lence of psychiatric comorbidities, age of onset, tic
severity, and family history of tic disorders in PMVT,
resulted in several key findings that are of potential rel-
evance to clinicians. First, the clinical presentation of
PMVT is, in most respects, similar to but less severe
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FIG. 3. Continued. [Color figure can be viewed at wileyonlinelibrary.com]

than that of TS. Second, despite this, the psychiatric
burden in PMVT is still higher than in the general pop-
ulation; in particular, either comorbid OCD or ADHD
will develop in between 20% and 60% of individuals
with PMVT, and both will develop in a substantial pro-
portion. Individuals with PMVT are also at risk for the
development of other psychiatric comorbidities and, as
with TS, the risk for these comorbidities is higher in
those with OCD and/or ADHD. Third, comorbid psy-
chiatric disorders in PMVT are expected to develop at
ages similar to those seen among individuals with
TS. Clinicians should regularly assess for the develop-
ment of OCD, ADHD, mood, anxiety, and disruptive
behavior disorders in their patients with PMVT,
because data from the TS literature suggest that these
disorders are more likely to cause functional impair-
ment than are the tics themselves.>*

Limitations

This study has several limitations. First, all data are
retrospective, and thus may be subject to recall bias.

Odds of psychotic disorders in PMVT vs. TS o
Study OR (95% Cl) Weight
Lower odds of psychotic disorders in PMVT  Higher odds of psychotic disorders in PMVT
>1000
TAAICG - 0.66 (0.04, 11.75) 277
Olfson et al. 2011 (public) —_— 0.34(0.19,0.62)  44.66
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:
Subtotal (F = 0.0%, p = 0.531) <> 0.43(0.28,066) 8826
100-1000
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—_— T 293(012,7295) 224

<100 |
Spencer et al. 1995 — e 1.42(0.31,6.47)  9.50
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Overall (P = 14.4%, p = 0.323) <> 0.51(0.31,0.83) 100.00
Heterogeneity between groups: p = 0.182
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(H) Proportion of individuals with pure motor tics in PMVT across studies
%
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Amiri et al. 2012 —— 0.67 (0.59,0.74)  21.00
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Khalifa et al. 2006 —_— 0.59 (0.46,0.70)  17.75
Heterogeneity between groups: p = 0.000 ‘
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Second, the study samples differed in mean age, pres-
ence of comorbid OCD, and ascertainment. Further-
more, the rates of psychotic disorders were very low in
individual samples, and disruptive behavior disorders
were assessed primarily in children, all of which could
potentially confound the results. We addressed these
potential confounds to the best of our ability by con-
trolling for these factors in our analyses, and we do see
evidence that mean age at ascertainment and comorbid
ADHD and/or OCD contribute to some, but not all, of
the observed differences between studies. We do not
have data on the severity or impact of comorbid psychi-
atric disorders or on treatment outcomes. Additional
prospectively designed studies that eliminate these
potential sources of bias would be useful to replicate
and extend this work. ®
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