[image: C:\Users\Elaine.Scott\Documents\LaTex\____TEST____Frontiers_LaTeX_Templates_V2.5\Frontiers LaTeX (Science, Health and Engineering) V2.5 - with Supplementary material (V1.2)\logo1.jpg]		
		Supplementary Material
Supplementary Material
Supplementary Data
Data Extraction Tool
During the data extraction phase of the review, the tool below was used to extract data from each publication included in the review. The tool was incorporated into Covidence, a systematic review management software (1). For each included publication, two reviewers (J.B.W. and D.A.I.) independently extracted data that fell into one of the categories listed below and recorded this data under the appropriate category in the data extraction tool. After both reviewers completed this process for all included articles, the same two reviewers met to ensure that there was a consensus regarding the data listed under each category for each publication.
1. Study design
a. Cross-sectional versus longitudinal study
b. Observational and/or interventional study
c. Study clinical assessment methods
I. Method of tic disorder diagnosis (e.g., self-report, clinician diagnosed)
II. Rating scales used
d. Presence/characteristics of a control group
e. Eligibility criteria and/or participants excluded during the course of the study (e.g. outliers)
2. Clinical characteristics of the target population under study
1. Number of individuals studied 
2. Age (mean/median, standard deviation / interquartile range, range)
3.  Sex
4. Race
5. Ethnicity
6. Population Setting, i.e., community-based versus clinic-based population
7. Types of tic disorders included in the target population
8. Comorbid neuropsychiatric diagnoses
9. Psychotropic medication use (e.g., percentage taking psychotropic medication)
Method(s) of premonitory urge ascertainment 
a. Tool used to measure (e.g., self-report scale, urge monitor)
b. Dimensions of urge measured with the tool
I. Quality
II. Location
III. Temporal pattern in relation to tic
IV. Intensity
V. Frequency
VI. Distress
VII. Ability to resist
VIII. Relief from urge following tic 
c. Quantification method
d. Temporal scale for measurement (e.g., momentary assessment of urge, self-report survey inquiring about the past week, etc.)
e. Reported psychometric statistics of rating scales (if relevant)
f. Validation procedure for experimental tools / paradigms (if relevant)
g. Rating of premonitory assessment tool by participants (e.g. Did this questionnaire accurately capture your symptoms?)
h. Associations/statistical relationships between different measures of premonitory urge
Characteristics of premonitory urge
a. Method of ascertainment used to identify below characteristics for given study
b. Qualitative characteristics
I.  Quality
II.  Location
III.  Temporal pattern in relation to tic
IV.  Intensity
V.  Frequency
VI. Distress
VII. Ability to resist
VIII. Relief from urge following tic 
c. Quantitative characteristics
I. Temporal pattern in relation to tic
II. Intensity
III. Frequency
IV. Distress
V. Abilify to resist
VI. Relief from urge following tic 
Associations between premonitory urge and clinical characteristics
a. Particular clinical characteristic (e.g., tic intensity, health-related quality of life, age)
b. Method for measuring clinical characteristic (e.g., YGTSS, GTS-QOL)
c. Tool used to measure premonitory urge
d. Statistic used to assess association
e. Finding of association and statistical significance
0. Premonitory urge’s response to treatment and suppression
a. Response to suppression
I. Instructions for suppression
II. Length/frequency/number of suppressions
III. Measurement tool for urge
IV. Frequency/number of assessments of urge
V. Length of time between initial assessment of urge and final assessment of urge
VI. Presence and characteristics of a control group/condition
VII. Changes in urge measurement scores during suppression and following suppression, or differences between urge scores across groups/conditions
VIII. Relationship between changes in urge measurement scores and changes in clinical characteristics
b. Response to treatment
I. Type of treatment
II. Length/frequency/number of treatment administrations
III. Measurement tool for urge
IV. Frequency/number of assessments of urge
V. Length of time between initial assessment of urge and final assessment of urge
VI. Presence and characteristics of a control group/condition
VII. Changes in urge measurement scores following treatment, or differences in urge scores across group/condition
VIII. Relationship between changes in urge measurement scores and changes in clinical characteristics
0. Neural correlates of premonitory urge / methods for investigating neural correlates of premonitory urge
a. Tool used to measure premonitory urge
b. Modality for measuring neural structure/function (e.g. fMRI)
c. Instructions for individuals while neural activity is being recorded
d. Temporal precision of urge measurement in relation to neural measurement (e.g. live urge monitoring during fMRI, comparing PUTS to fMRI)
e. Presence/characteristics of different groups/conditions
f. Statistic used to assess association between premonitory urge and neural correlate, or differences between groups/conditions
g. Finding of association and statistical significance
9. Other relevant information 

Search Strategies
PubMed
(premonitory[tiab] OR "premonitory urge*"[tiab] OR "premonitory feeling*"[tiab] OR "premonitory sensation*"[tiab] OR "urge-tic network"[tiab] OR "urge to tic"[tiab] OR "tic urge*"[tiab] OR "urge phenomen*"[tiab] OR "associated urge*"[tiab]) AND (Tics[MeSH] OR tic[tiab] OR tics[tiab] OR "habituation spasm*"[tiab] OR "habit chorea*"[tiab] OR "habit spasm*"[tiab] OR Tic Disorders[MeSH] OR "tic disorder*"[tiab] OR Tourette Syndrome[MeSH] OR "Tourette syndrome"[tiab] OR Tourette*[tiab])
Embase 
(premonitory:ab,ti OR 'premonitory urge*':ab,ti OR 'premonitory feeling*':ab,ti OR 'premonitory sensation*':ab,ti OR 'urge-tic network':ab,ti OR 'urge to tic':ab,ti OR 'tic urge*':ab,ti OR 'urge phenomen*':ab,ti OR 'associated urge*':ab,ti) AND ('tic'/exp OR 'tic*':ab,ti OR 'habituation spasm*':ab,ti OR 'habit chorea*':ab,ti OR 'habit spasm*':ab,ti OR 'tic disorder*':ab,ti OR 'gilles de la tourette syndrome'/exp OR 'tourette syndrome':ab,ti OR 'tourette*':ab,ti)
PsycINFO 
(tiab(premonitory) OR tiab("premonitory urge*") OR tiab("premonitory feeling*") OR tiab("premonitory sensation*") OR tiab("urge-tic network") OR tiab("urge to tic") OR tiab("tic urge*") OR tiab("urge phenomen*") OR tiab("associated urge*")) AND (MAINSUBJECT.EXACT("Tics") OR MAINSUBJECT.EXACT("Tourette Syndrome") OR tiab(tic*) OR tiab("habituation spasm*") OR tiab("habit chorea*") OR tiab("habit spasm*") OR tiab("Tourette syndrome") OR tiab("Tourette*"))
Web of Science 
(TI=(premonitory) OR AB=(premonitory) OR TI=("premonitory urge*") OR AB=("premonitory urge*") OR TI=("premonitory feeling*") OR AB=("premonitory feeling*") OR TI=("premonitory sensation*") OR AB=("premonitory sensation*") OR TI=("urge-tic network*") OR AB=("urge-tic network*") OR TI=("urge to tic") OR AB=("urge to tic") OR TI=("tic urge") OR AB=("tic urge") OR TI=("urge phenomen*") OR AB=("urge phenomen*") OR TI=("associated urge*") OR AB=("associated urge*")) AND (TI=("tic*") OR AB=("tic*") OR TI=("habituation spasm*") OR AB=("habituation spasm*") OR TI=("habit chorea*") OR AB=("habit chorea*") OR TI=("habit spasm*") OR AB=("habit spasm*") OR TI=("Tourette syndrome") OR AB=("Tourette syndrome") OR TI=("Tourette*") OR AB=("Tourette*"))
Scopus
(TITLE-ABS({premonitory} OR {premonitory urge} OR {premonitory urges} OR {premonitory feeling} OR {premonitory feelings} OR {premonitory sensation} OR {premonitory sensations} OR {urge-tic network} OR {urge to tic} OR {tic urge} OR {tic urges} OR {urge phenomenon} OR {urge phenomena} OR {associated urge} OR {associated urges})) AND (TITLE-ABS({tic} OR {tics} OR {habituation spasm} OR {habituation spasms} OR {habit chorea} OR {habit choreas} OR {habit spasm} OR {habit spasms} OR {tic disorder} OR {tic disorders} OR {Tourette Syndrome} OR {Tourette} OR {Tourettes}))

Supplementary Tables
Table 1: Psychometric Properties of the Premonitory Urge for Tics Scale (PUTS)
	Study
	Psychometric Properties of Interest
	Sample Size/Demographics
	Key findings

	Woods et al (2005) (initial development and validation study) (2)
	Internal consistency (Cronbach’s alpha) for 9-item PUTS (English)

Test-retest reliability of 9-item PUTS at one and two weeks
	42 children and adolescents with CTDs
	α = 0.81 for entire sample
α = 0.57 for subgroup ≤ 10 years old
α = 0.89 for subgroup > 10 years old

Test-retest reliability (correlation type unclear)
one week: r = 0.79, p < .01
two weeks: r = 0.86, p < .01
one week for subgroup ≤ 10 years old: r = 0.75, p < .01
two week for subgroup > 10 years old: r = 0.81, p < .01

	Steinberg et al (2010) (3)
	Internal consistency (Cronbach’s alpha) for 9-item PUTS (Hebrew)

	40 children with CTDs
	α = 0.79 for entire sample
α = 0.69 for subgroup ≤ 10 years old
α = 0.83 for subgroup > 10 years old

	Gulisano et al (2015) (4)
	Internal consistency (Cronbach’s alpha) for 9-item PUTS (Italian)

	95 children with TS assessed at baseline and long-term follow up

	α = 0.70 for subgroup ≤ 10 years old
α = 0.85 for subgroup > 10 years old

	Raines et al (2018) (5)
	Internal consistency (Cronbach’s alpha) for 9-item PUTS (English)

EFA of items 1-8 of PUTS
	84 individuals with CTDs, aged 5-21
	α = 0.82 for entire sample
α = 0.66 for subgroup ≤ 10 years old
α = 0.87 for subgroup > 10 years old

two factors:
1. “specific urge qualities” (items 1, 2, 4, and 5)
2. “a more general urge experience” (items 3, 6, 7, and 8)

	Forcadell et al (2022) (6)
	Internal consistency (Cronbach’s alpha) for 9-item PUTS (Spanish)

Test-retest reliability of 9-item PUTS at four months 

EFA of items 2-9 of PUTS
	72 children and adolescents with CTDs (n = 55 for test-retest reliability)
	α = 0.88 for subgroup ≤ 10 years old
α = 0.77 for subgroup > 10 years old

r = 0.49, p < .01 entire sample
r = 0.61, p < .01 for subgroup > 10 years old
Correlation not significant for subgroup ≤ 10 years old

two factors:
1. “qualities and frequency of premonitory urges” (items 2, 3, 6, 7, 8, and 9)
2. “mental phenomena related to OCD” (items 4 and 5)

	Openneer et al (2020) (7)
	Internal consistency (Cronbach’s alpha) for 9-item PUTS (Languages unclear)



EFA of items 2-9 of PUTS


EFA of 9-item PUTS with item 2 and item 9 removed in subgroup ≥ 11 years old
	656 children ages 3-16 years old with CTDs
	α = 0.84 for subgroup ≤ 7 years old
α = 0.83 for subgroup 8-10 years old
α = 0.76 for subgroup > 10 years old

one factor


two factors:
1. “OCD-related items” (items 4 and 5)
2. “frequency of urges” (items 1, 3, 6, 7, and 8) 

	Li et al (2021) (8)
	Internal consistency (Cronbach’s alpha) for 9-item PUTS (Mandarin/Cantonese)

Test-retest reliability of 9-item PUTS at one month

EFA of 9-item PUTS
	367 children with any tic disorder (n = 147 for test-retest reliability)
	α = 0.75 for entire sample
α = 0.76 for subgroup < 10 years old
α = 0.73 for subgroup ≥ 10 years old

r = 0.89 (correlation type unclear)

four factors:
1. “intensity” (items 4, 7, 8, and 9)
2. “frequency” (items 2 and 3)
3. “sensory aspect of premonitory urges” (items 5 and 6)
4. “mental aspect of premonitory urges” (item 1)

	Baumung et al (2021) (9)
	Internal consistency (Cronbach’s alpha) for 10-item PUTS (English/German)

EFA of items 1-8 of PUTS
	93 adults with TS and 148 children with TS
	α = 0.82 for minors
α = 0.78 for adults

two factors: 
1. “intensity or frequency” (items 1, 6, 7, and 8 in adult sample, and items 1, 2, 6, 7, and 8 in minor sample)
2. “quality” (items 2, 3, 4, and 5 in adult sample, and items 3, 4, and 5 in minor sample)

	Matsuda et al (2020) (10)
	Internal consistency (Cronbach’s alpha) for 9-item PUTS (Japanese)

EFA of 9-item PUTS
	62 children and adults with TS
	α = 0.85 for entire sample
α = 0.85 for minors
α = 0.87 for adults

three factors:
1. “quality” (items 1, 2, and 3)
2. “intensity” (items 1, 7, and 8)
3. “just right phenomena” (items 4, 5, and 9)

	Brandt et al (2016) (11)
	Internal consistency (Cronbach’s alpha) for 10-item PUTS (German)

EFA of 10-item PUTS
	22 adults with TS, 40 children/adolescents with TS
	α = 0.84 for minors
α = 0.79 for adults

three factors: 
1. “quality” (items 2, 3, 4, and 5 in adult sample, and 3, 4, and 5 in child sample)
2. “intensity” (items 7 and 8 in adult sample, items 2, 7, and 8 in child sample)
3. “control over tics and urges.” (items 6, 9, and 10 in child and adult samples)

	Edwards et al (2020) (12)
	Internal consistency (Cronbach’s alpha) for 9-item PUTS (English)
	74 individuals aged 5-21 years with CTDs
	α = 0.83 for participants with comorbid OCD and/or ADHD
α = 0.69 for adults participants without comorbid OCD or ADHD

	Zinner et al (2012), Rozenman et al (2015), Reese et al (2014), Pile et al (2018), Kyriazi et al (2019), Kim et al (2020), Crossley et al (2014), Isaacs et al (2020), Schütteler et al (2023) (13–21)
	Internal consistency (Cronbach’s alpha) for 9-item PUTS or 10-item PUTS – these studies did not provide a breakdown of internal consistency by age or comorbidity status, and thus are grouped in a single row
	Children, adults or both children and adults with TS or CTDs (sample size ranged from 28 to 206)
	α ranged from 0.71 (for the 10-item PUTS, 0.75 for the 9-item PUTS in this study (21)) to 0.85 (13,19))

	Kim et al (2020) (18)
	Test-retest reliability for 9-item PUTS (Korean): interval ranged from two weeks to two months

EFA of 9-item PUTS

	38 children and adults with CTD (n = 20 for test-retest reliability)
	Pearson’s r = 0.60

three factors:
1. “presumed functional relationship between the tic and the urge to tic” (items 1, 7, 8, and 9)
2. “the quality of the premonitory urge” (items 2, 3, and 6)
3. “just right phenomena” (items 4 and 5)

	Reese et al (2014) (15)
	Test-retest reliability for 9-item PUTS (English): interval was within 2 weeks
	122 adolescents and adults with CTDs
	r = 0.79, p < .001 (correlation type unclear)


PUTS = Premonitory Urge for Tics Scale, TS = Tourette Syndrome, CTDs = chronic tic disorders, OCD = obsessive-compulsive disorder, ADHD = attention-deficit/hyperactivity disorder, EFA = exploratory factor analysis

Table 2: Associations Between PUTS and Measures of Tics/Tic Disorder Severity
	Study
	Associations Investigated
	Sample Size/Demographics
	Findings

	Sutherland-Owens et al (2011) (22)
	PUTS scores and YGTSS “global” scores
	18 children and adults with TS, sample age range 10-41
	No significant association found between PUTS scores and YGTSS scores (Simple Regression: r = 0.21, p > 0.05)

	Gerasch et al (2016) (23)
	PUTS scores and YGTSS-TTS / MRVS total scores
	44 adults with TS
	No significant association found between PUTS scores and YGTSS-TTS or MRVS total scores (Spearman's r = 0.281, p = 0.065 for YGTSS-TTS, r = 0.042, p = 0.79 for MRVS total scores)

	Rajagopal and Cavanna (2014) (24)
	PUTS item scores and YGTSS scores
	108 adults with TS
	No significant Spearman’s correlation between any PUTS item score and YGTSS (based on reported values, authors used global YGTSS score (i.e., sum of total tic score and impairment), though this is not explicitly stated in the paper) scores after correction for multiple comparisons

	Steinberg et al (2013) (25)
	PUTS scores and YGTSS-TTS / YGTSS impairment scores
	56 children and adolescents with CTDs
	No significant correlation found between PUTS scores and YGTSS-TTS (Pearson’s r = 0.21) or YGTSS impairment scores (Pearson’s r = 0.27)
In a multiple regression predicting YGTSS impairment from PUTS scores and BATS scores, PUTS was not a significant predictor (β = -0.02)

	Eddy and Cavanna (2014) (26)
	PUTS scores and YGTSS-TTS
	100 adolescents and adults aged 17-67 with TS
	Significant correlation found between PUTS scores and YGTSS-TTS, but did not survive correction for multiple comparisons (Pearson's r = 0.273, p = 0.042)

	Ramsey et al (2021) (27)
	PUTS scores and YGTSS-TTS / YGTSS impairment scores
	75 children and adolescents with any tic disorder
	No significant correlation found between PUTS scores and YGTSS-TTS or YGTSS impairment scores (Pearson's r = 0.10 for YGTSS-TTS, r = 0.02 for YGTSS impairment scores)

Based on structural equation modeling, urge intolerance (a theoretical construct combing items from the PUTS and DTS) did not predict YGTSS-TTS scores (β = −0.34, p = 0.729)

	Barnea et al (2016) (28)
	PUTS scores and number of tics in five different environmental situations
	41 children and adolescents with TS
	PUTS scores not a significant predictor of number of tics in any environmental situation in multiple regressions that included FAI as a covariate

	Jackson et al (2020) (29)
	PUTS scores and YGTSS-TTS / YGTSS impairment scores
	28 participants aged 9-22 with TS
	No significant Pearson’s correlations or simple linear regression associations found between PUTS scores and YGTSS-TTS (simple linear regression R2  = 0.035, p = 0.34) or YGTSS impairment scores (R2  = 0.09, p = 0.13) 

	Müller-Vahl et al (2014) (30)
	PUTS scores and MRVS Total Tic Score (TTS) / YGTSS scores
	22 adults with TS
	No significant correlations found between PUTS scores and MRVS Total Tic Score or any YGTSS score (Pearson's r value not reported, p > 0.05)

	Isaacs et al (2021) (31)
	PUTS scores and YGTSS-TTS
	52 adults with CTDs
	No significant correlation between PUTS scores and YGTSS-TTS after correcting for multiple comparisons (Spearman’s r = 0.34)

	Narapareddy et al (2022) (32)
	PUTS scores and MAIA-2 Not-Worrying scores, MAIA-2 Not-Distracting scores, MAIA-2 composite variable scores, DOCS scores, YGTSS-TTS
	48 adults with CTDs
	No significant correlation between PUTS scores and YGTSS-TTS after correcting for multiple comparisons (Spearman’s r = 0.28)

In a multivariable linear regression predicting PUTS scores from MAIA-2 Not-Worrying scores, MAIA-2 Not-Distracting scores, MAIA-2 composite variable scores (i.e., mean score from the six MAIA-2 subscales besides Not-Worrying and Not-Distracting), DOCS scores, and YGTSS-TTS, YGTSS-TTS was a significant predictor of PUTS scores (β = 0.08, p < 0.05).

	Ganos et al (2012) (33)
	PUTS and YGTSS scores
	15 adults with TS
	No significant correlation between PUTS scores and YGTSS global score (sum of total tic score and impairment) (Pearson’s r = 0.386, p = 0.155), or any of the YGTSS subscale scores except for the interference subscale (Pearson’s r = 0.546, p = 0.035)

	Rozenman et al (2015) (14)
	PUTS scores and YGTSS-TTS / YGTSS impairment scores
	124 children and adolescents with CTDs
	Significant correlation found between PUTS scores and YGTSS-TTS (r = 0.27, p = 0.003), and between PUTS scores and YGTSS impairment scores (r = 0.27, p = 0.002) 

YGTSS impairment scores were a significant predictor of PUTS scores in a multiple regression that included SCARED-C Panic/Somatic subscale scores and age as independent variables (β = 0.21, p < 0.01)

	Kano et al (2015) (34)
	PUTS scores and YGTSS-TTS / YGTSS impairment scores
	41 children and adults with TS aged 12-50
	Significant correlations found between PUTS scores and YGTSS-TTS score (Pearson’s r = 0.51, p < 0.001) and YGTSS impairment scores (Pearson’s r = 0.60, p < 0.001)

	Li et al (2021) (8)
	PUTS and YGTSS
	367 children with any tic disorder
	Significant correlation found between PUTS scores and YGTSS scores (Pearson’s r = 0.180, p < 0.05) (The specific YGTSS score used is unclear based on the publication)
In the subgroup with TS (n = 252), this correlation became slightly stronger (Pearson’s r = 0.269, p < 0.05)

	Matsuda et al (2020) (10)
	PUTS and YGTSS-TTS
	62 children and adults with TS aged 10-53
	Significant correlation between PUTS scores and YGTSS-TTS scores (Spearman’s r = 0.32, p = 0.04)

	Ganos et al (2015) (35)
	PUTS and YGTSS
	19 adults with TS
	In a multiple regression to predict PUTS scores from YGTSS (based on reported values, authors used global YGTSS score (i.e., sum of total tic score and impairment), though this is not explicitly stated in the paper) scores, Y-BOCS scores and interoceptive accuracy performance on a behavioral task, YGTSS scores were a significant predictor (β = 0.6519, p = 0.049)

	Draper et al (2016) (36)
	PUTS and YGTSS motor/vocal tic severity
	29 participants aged 8-21 with TS
	Significant correlation between PUTS scores and both YGTSS motor tic severity (Pearson’s r = 0.53, p < 0.002) and YGTSS vocal tic severity scores (Pearson’s r = 0.32, p < 0.05)

	Gu et al (2020) (37)
	PUTS and YGTSS-TTS / YGTSS impairment / YGTSS motor/vocal tic severity
	252 children and adolescents with CTDs
	PUTS scores correlated with YGTSS-TTS (Spearman’s r = 0.128, p = 0.043), YGTSS impairment (Spearman’s r = 0.163, p = 0.009), YGTSS motor tic score (Spearman’s r = 0.144, p = 0.022) but not YGTSS vocal tic score (Spearman’s r = 0.081, p = 0.202)

PUTS scores were significantly associated with YGTSS-TTS scores in a simple linear regression (β = 0.174, p = 0.006)

	Kim et al (2020) (18)
	PUTS and YGTSS-TTS / YGTSS impairment
	38 children and adults aged 10-44 with CTDs
	PUTS scores significantly correlated with YGTSS-TTS scores (Pearson’s r = 0.55, p < 0.001) and YGTSS impairment scores (Pearson’s r = 0.43, p < 0.01)

	Reese et al (2014) (15)
	PUTS and YGTSS-TTS / YGTSS motor/vocal tic severity
	122 adolescents and adults with CTDs
	PUTS scores significantly correlated with YGTSS-TTS scores (r = 0.32, p < 0.001) (correlation type unclear from publication)

PUTS scores significantly correlated with YGTSS vocal tic severity (r = 0.30, p = 0.001) but not motor tic severity (p > 0.05) (correlation type unclear from publication) 

	Ramsey et al (2022) (38)
	PUTS/urge intolerance and YGTSS-TTS / YGTSS impairment
	80 adults with TS or chronic motor tic disorder
	Significant correlations between PUTS scores and both YGTSS severity (r = 0.37, p = 0.002) and YGTSS impairment (r = 0.43, p < 0.001) (correlation type unclear from publication)

Created a bifactor structural model of urge intolerance (a theoretical construct composed of items within the PUTS and DTS, higher values indicate greater urge intolerance) with premonitory urge and distress tolerance as subfactors to predict YGTSS-TTS and YGTSS impairment - Urge intolerance and both subfactors were significant predictors of both YGTSS severity (Urge intolerance: β = 0.35, p = 0.001, Premonitory urges: β = 0.23, p < 0.05) and impairment (Urge intolerance: β = 0.32, p = 0.005, Premonitory urges: β = 0.34, p < 0.05)

	Capriotti et al (2013) (39)
	PUTS and PTQ
	118 children and adolescents with CTDs
	Significant correlation between PUTS and PTQ (Pearson’s r = 0.21, p = 0.03)

	Brandt et al (2023) (40)
	PUTS and YGTSS-TTS / ATQ scores
	111 adults with TS
	Significant correlations found between PUTS scores and both YGTSS-TTS (Spearman’s r = 0.20, p < 0.001) and ATQ scores (r = 0.34, p < 0.001)



	Woods et al (2005) (2)
	PUTS scores vs. YGTSS-TTS scores
	Children older than 10 years old (n = 23), and ≤10 years (n = 19) with CTDs
	Significant correlation between PUTS and YGTSS-TTS scores in participants older than 10 (Pearson’s r = 0.52, p < 0.05), but not significant in participants 10 years and younger (Pearson’s r = -0.25, p > 0.05).

	Raines et al (2018) (5)
	PUTS scores vs. PTQ
	Children/young adults older than 10 years old (n = 50), and children ≤10 years (n = 34) with CTDs
	PUTS scores correlated with PTQ number of tics subscale in both age groups (≤10 years: Pearson’s r = 0.38, p < 0.05; >10 years: Pearson’s r = 0.31, p < 0.05). No other PTQ subscale significantly correlated with PUTS scores in either subgroup.

	Steinberg et al (2010) (3)
	PUTS scores vs. YGTSS-TTS scores
	Children older than 10 years old (n = 22), and
≤10 years (n = 18) with CTDs
	PUTS scores did not correlate with YGTSS-TTS scores in participants ≤10 years (r = -0.09) or >10 years (r = 0.04) (correlation type unclear from publication)

	Kyriazi et al (2019) (17)
	PUTS scores vs. YGTSS-TTS scores
	Children aged 6-11 (n = 39), and 12 years and older (n = 13) with any tic disorder
	Multiple regression showed PUTS scores predicted YGTSS-TTS scores in the entire sample (β = 0.466, p < 0.001). Significant correlation between YGTSS-TTS and PUTS scores in children aged 6-11-years-old (r = 0.37, p = 0.022) and 12 years and older (r = 0.65, p = 0.016) (correlation type unclear from publication)

	Openneer et al (2020) (7)
	PUTS scores vs. YGTSS-TTS scores
	Children ≤7 years (n = 103), 8-10 years (n = 253), >10 years (n = 300) with CTDs
	Significant correlation between PUTS and YGTSS-TTS scores in children aged 8-10 years (Pearson’s r = 0.260, p < 0.001), but not in the youngest (Pearson’s r = 0.027) or oldest groups (Pearson’s r = 0.086).

	Gulisano et al (2015) (4)
	PUTS scores vs. YGTSS scores
	95 children with TS at baseline (aged 4-10) and again follow-up (aged 10-16)
	No significant correlation between YGTSS scores (unclear which YGTSS score based on publication) and PUTS scores at baseline (Spearman’s r = -0.156, p = 0.131) or follow-up (Spearman’s r = 0.158, p = 0.127).

	Kano et al (2020) (41)
	PUTS scores vs. YGTSS scores
	20 individuals aged 17-53 with TS (participants had been assessed 4.0 years prior on average)
	Significant correlations between PUTS and YGTSS scores at baseline (p < 0.001) and follow-up (p = 0.024). (correlation magnitudes not reported in the publication)

	Brandt et al (2016) (11)
	PUTS 9 and PUTS 10 scores vs. YGTSS motor tic scores
	22 individuals aged 17-55 with TS
	Significant Pearson’s correlations between YGTSS motor tic severity and both PUTS 10 (r = 0.43, p = 0.048) and PUTS 9 (r = 0.48, p = 0.025)

	Brandt et al (2014) (42)
	PUTS and YGTSS-TTS
	12 adults with TS
	Significant correlation between PUTS and YGTSS-TTS (r   = 0.63, p = 0.038) (correlation type unclear from publication)


TS = Tourette Syndrome, CTDs = chronic tic disorders, YGTSS = Yale Global Tic Severity Scale, TTS = Total Tic Score, MRVS = Modified Rush Video-Based Tic Rating Scale, BATS = Beliefs About Tics Scale, DTS = Distress Tolerance Scale, FAI = Functional Assessment Interview, DOCS = Dimensional Obsessive-Compulsive scale, MAIA-2 = Multidimensional Assessment of Interoceptive Awareness, Version 2, SCARED-C = Screen for Child Anxiety Related Emotional Disorders - Child Version, PTQ = Parent Tic Questionnaire, PUTS = Premonitory Urge for Tics Scale, ATQ = Adult Tics Questionnaire, Y-BOCS = Yale Brown Obsessive Compulsive Scale

Table 3: Associations Between I-PUTS and Measures of Tics/Tic Disorder Severity
	Study
	Associations Investigated
	Sample Size/Demographics
	Statistical Methods and Findings

	McGuire et al (2016) (43)
	I-PUTS (intensity, number, frequency) and YGTSS-TTS / YGTSS Impairment
	Data from 73 children with any tic disorder
	YGTSS-TTS significantly correlated with I-PUTS intensity (Spearman’s r = 0.23, p < 0.05) but not with number (Spearman’s r = 0.18) or frequency (Spearman’s r = 0.21). No correlation found between any I-PUTS subscale and YGTSS impairment (all absolute values for r < 0.05).
*In this study, PUTS scores did not significantly correlate with YGTSS-TTS or YGTSS impairment

	Larsh et al (2022) (44)
	I-PUTS intensity and YGTSS-TTS
	17 children with TS
	Partial Spearman correlation adjusting for age: Strong correlation found between I-PUTS intensity and YGTSS-TTS scores (r = 0.74, p < 0.01).

	Batschelett et al (2023) (45)
	I-PUTS urge frequency / intensity and YGTSS-TTS
	30 children with TS
	YGTSS-TTS significantly correlated with I-PUTS urge frequency (Spearman’s r = 0.721, p = 0.001) and intensity (Spearman’s r = 0.593, p = 0.009).

	Che et al (2023) (46)
	I-PUTS / PUTS and YGTSS-TTS
	123 children with tic disorders
	Significant correlations between YGTSS-TSS and all 3 I-PUTS dimensions (Spearman’s r = 0.301, 0.370, 0.339 for number, frequency and intensity respectively, all p < 0.01) as well as between the PUTS and YGTSS-TSS (Spearman’s r = 0.427, p < 0.01).


I-PUTS = Individualized Premonitory Urge for Tics Scale, PUTS = Premonitory Urge for Tics Scale, TS = Tourette Syndrome, YGTSS = Yale Global Tic Severity Scale, TTS = Total Tic Score

Table 4: Tic Disorder Severity/Characteristics and Premonitory Urges
	Study
	Associations Investigated
	Sample Size/Demographics
	Statistical Methods and Findings

	Li et al (2022) (47)
	PUTS scores and treatment refractory status
	126 children with TS
	Independent samples t-test: Treatment refractory group (n = 64) had significantly higher PUTS scores than non-treatment refractory group (n = 62) (t = 14.61, p < 0.001).

	Sambrani et al (2016) (48)
	Premonitory urge presence and tic severity
	1032 participants with any tic disorder
	Independent samples t-test: Participants experiencing premonitory urges had more severe tics (mean STSS-GSR = 2.87) compared to those who did not experience premonitory urges (mean STSS-GSR = 2.62) (t = -3.164, p < 0.005).

	Eapen and Robertson (2015) (49)
	Presence of premonitory urges and presence of complex tics
	400 children and adults with TS – further analyses were conducted on the subset of 222 individuals with TS who had full data on comorbidities and associated psychopathologies
	Fisher’s exact test: Participants experiencing complex tics were more likely to report premonitory urges than those without complex tics (φ = 0.15, p = 0.006).

	Kaczyńska and Janik (2021) (50)
	Presence of premonitory urges and presence of tonic tics
	Data from 232 children and adults with TS
	Chi-square test: Patients with tonic tics were more likely to experience premonitory urges compared to those without tonic tics (p = 0.013). Multivariate logistic regression showed that premonitory urges were a significant predictor of tonic tics (OR = 4.69, p = 0.018), controlling for sex and age.


STSS-GSR = Shapiro Tourette-Syndrome Severity Scale Global Severity Rating, OR = odds ratio, TS = Tourette syndrome, PUTS = Premonitory Urge for Tics Scale

Table 5: Associations with Obsessive-Compulsive Symptoms/Disorders
	Study
	Sample Size/Demographics
	Findings

	Crossley and Cavanna (2013) (51)
	72 adolescents and adults with TS
	Significant positive correlation between OCI-R scores and PUTS scores (Spearman’s r = 0.38, p = 0.001)

	Eddy and Cavanna (2014) (26)
	100 adults and adolescents with TS
	Significant positive correlation between PUTS scores and OCI-R scores (Pearson’s r = 0.321, p = 0.002), OCI-R scores were significant predictor of PUTS scores in a stepwise linear regression (R2 = 0.129, p = 0.012)

	Matsuda et al (2020) (10)
	62 children and adults with TS
	Significant positive correlation between PUTS scores LOI-CV scores (Spearman’s r = 0.52, p < 0.001)

	Narapareddy et al (2022) (32)
	48 adults with CTDs
	Significant positive correlation between DOCS scores and PUTS scores (Spearman’s r = 0.53, p < 0.001), DOCS scores significantly predicted PUTS scores in a multivariable linear regression (β = 0.14, p < 0.05)

	Gerasch (2016) (23)
	44 adults with TS
	Significant positive correlation between PUTS scores and Y-BOCS scores (Spearman’s r = 0.34, p = 0.024)

	Gulisano et al (2015) (4)
	95 children with TS
	Significant positive correlation between CY-BOCS scores and PUTS scores at baseline and follow-up, per authors, though correlation and p-values in Table 2 do not clearly reflect this

	Kano et al (2020) (41)
	20 individuals with TS aged 17-53 (participants had been assessed 4.0 years prior on average)
	Significant Pearson correlation between 1) PUTS scores at baseline and Y-BOCS at baseline (p = 0.002), 2) PUTS scores at follow-up and Y-BOCS at follow-up (p = 0.002), 3) PUTS scores at baseline and Y-BOCS at follow-up (p = 0.019) (correlation magnitudes not reported in the publication)

	Kano et al (2015) (34)
	41 children and adults with TS
	Significant positive correlation between PUTS scores DY-BOCS total OCS scores (Spearman’s r = 0.55, p < 0.001) and DY-BOCS impairment scores (Spearman’s r = 0.59, p < 0.001)

	Li et al (2021) (8)
	367 children with tic disorders
	CY-BOCS scores did not correlate with PUTS scores in the entire sample (Pearson’s r = 0.108, p > 0.05), but in the subgroup with Tourette syndrome this correlation was significant (n = 252, r = 0.203, p < 0.05)

	Rajagopal and Cavanna (2014) (24)
	108 adults with TS
	Items 1, 3, 4 and 6 of the PUTS correlated with the compulsions subscale of the MOVES (Spearman’s r = 0.305, r = 0.306, r = 0.297, r = 0.341 respectively), and items 2 and 5 correlated with the obsessions and compulsions subscales of the MOVES (PUTS item 2 correlations: r = 0.371 and r = 0.312, respectively; PUTS item 5 correlations: r = 0.287 and r = 0.448, respectively). Items 5 and 6 of the PUTS also showed significant correlations with Y-BOCS scores (both p = 0.001, these correlation magnitudes were not reported in the publication)

	Brandt et al (2023) (52)
	291 adults with CTDs
	Greater OCI-R scores associated with greater urge intensity as assessed on a 1–11-point scale (β = 0.22, p = 0.017) in a linear regression with age, gender, and other scales assessing symptoms for comorbid disorders as covariates

	Brandt et al (2023) (40)
	111 adults with TS
	Significant correlations between PUTS scores and Y-BOCS scores (Spearman’s r = 0.34, p < 0.001), and OC-TCDQ scores (Spearman’s r = 0.35, p < 0.001)

	Isaacs et al (2021) (31)
	52 adults with CTDs
	Non-significant correlation between PUTS scores and DOCS scores after correcting for multiple comparisons (Spearman’s r = 0.36)

	Ganos et al (2015) (35)
	19 adults with TS
	Y-BOCS scores were not a significant predictor of PUTS scores in a multiple regression (β = -0.22, p = 0.50)

	Rozenman et al (2015) (14)
	124 children and adolescents with CTDs
	CYBOCS scores were not a significant predictor of PUTS scores in a multiple linear regression analysis (p > 0.22)

	Sambrani et al (2016) (48)
	1032 children and adults with any tic disorder
	Significant association between presence of premonitory urges and OCB (2 = 15.38, p < 0.001), obsessions (2 = 11.22, p < 0.01), and compulsions (2 = 26.77, p < 0.01), but not OCD (2 = 3.085, p > 0.05)

	Sutherland-Owens et al (2011) (22)
	18 children and adults with TS
	Non-significant correlations between PUTS scores and the obsessions and compulsions subscales of the CY-BOCS/Y-BOCS (r = -0.28, r = -0.20 respectively, p > 0.05, correlation type unclear from publication)

	Brandt et al (2016) (11)
	22 adults with TS
	Significant correlation between Y-BOCS scores and PUTS-10 scores (Pearson’s r = 0.43, p < 0.05), but not average real-time urge monitor scores (Pearson’s r = 0.11, p > 0.05) or PUTS-9 scores (Pearson’s r = 0.41, p > 0.05)

	Kim et al (2020) (18)
	Data from 20 children and adults with CTDs
	Non-significant Spearman’s correlations between PUTS scores and CY-BOCS/Y-BOCS scores (p > 0.05, correlation magnitudes not reported in publication)

	Reese et al (2014) (15)
	122 adolescents and adults with TS
	Non-significant correlation between Y-BOCS total scores and PUTS scores (r = 0.11, p = 0.25) (correlation type unclear from publication)

	Woods et al (2005) (2)
	42 children and adolescents with CTDs
	Positive correlation between PUTS scores and CYBOCS scores (Pearson’s r = 0.31, p < 0.05) 
Sample was divided into subgroups aged 8-10 (n = 19) and aged 11-16 (n = 23) - this correlation only remained significant in the older group (older group: r = 0.55, p < 0.01, younger group: r = 0.24, p = 0.34)

	Steinberg et al (2010) (3)
	40 children with CTDs
	CY-BOCS scores correlated with PUTS scores (r = 0.50, p < 0.01) (correlation type unclear from publication). The obsessions subscale of the CY-BOCS was a significant predictor of PUTS scores in a multiple regression (β = 0.40, p < 0.01)
After dividing the sample into subgroups of 10 years and younger and older than 10 years, the correlation between CY-BOCS scores and PUTS scores was significant for the older group (r = 0.61, p < 0.01) but not the younger group (r = 0.17, p > 0.05).

	Openneer et al (2020) (7)
	656 children with CTDs
	Obsessions and compulsions subscale scores of the CY-BOCS each correlated with PUTS scores (Pearson’s r = 0.106, p < 0.001 and Pearson’s r = 0.126, p < 0.001 respectively), despite CY-BOCS total scores not correlating with PUTS scores (r = 0.083, p > 0.05)
After separating the sample into children aged 7 years and under, aged 8-10 years and older than 10 years the correlations of the PUTS with these CY-BOCS subscale scores only remained significant in the group aged 8-10 (r = 0.184, p < 0.001 and r = 0.221, p < 0.001 for obsession and compulsions respectively)

	Edwards et al (2020) (12)
	74 individuals aged 5-21 with CTDs
	PUTS scores correlated with number of tics subscale of the PTQ in those with comorbid OCD and/or ADHD (n = 35, Pearson’s r = 0.47, p < 0.01), but not in those without comorbid OCD and/or ADHD


YBOCS = Yale-Brown Obsessive-Compulsive Scale, OCI-R = Obsessive-Compulsive Inventory - Revised, LOI-CV = Leyton Obsessional Inventory-Child Version, DOCS = Dimensional Obsessive-Compulsive scale, DY-BOCS = Dimensional Yale-Brown Obsessive-Compulsive Scale, CY-BOCS = Children’s Yale-Brown Obsessive-Compulsive Scale, MOVES = The Motor tic, Obsessions and compulsions, Vocal tic Evaluation Survey, OC-TCDQ = Obsessive–Compulsive Trait Core Dimensions Questionnaire, OCB= Obsessive-compulsive behavior, ADHD = = Attention-Deficit Hyperactivity Disorder, OCD = Obsessive Compulsive Disorder, CTD = Chronic Tic Disorder, PUTS = Premonitory Urge for Tics Scale, TS = Tourette Syndrome, OCS = obsessive-compulsive symptoms

Table 6: Associations with Attention Deficit Hyperactivity Symptoms/Disorders
	Study
	Sample Size/Demographics
	Findings

	Brandt et al (2016) (11)
	22 adults with TS
	No significant correlations between current ADHD symptoms (ADHD-SB) or childhood ADHD symptoms (WURS-K) and premonitory urges (PUTS-9, PUTS-10 scores, or live urge monitor values). 
Significant correlations found between childhood ADHD (WURS-K) symptoms and specific items on the PUTS (item 3: Pearson's r = 0.56, p = 0.006; item 4: Pearson's r = 0.46, p = 0.032) as well as between PUTS item 3 and ADHD-SB total scores and ADHD-SB hyperactivity subscale scores (r = 0.44, p = 0.047, r = 0.64, p = 0.002 respectively).

	Kim et al (2020) (18)
	Data from 35 children and adults with CTDs
	Significant negative correlation between PUTS and ARS scores in subgroup 15 years and younger (n = 21, Spearman’s r = -0.47, p <0.05) but no significant correlation between PUTS and ASRS scores in adults (p > 0.05)

	Gerasch et al (2016) (23)
	44 adults with TS
	PUTS scores significantly correlated with the attention deficit domain of the DSM-IV symptom list for ADHD (Spearman’s r = 0.313, p < 0.05) and CAARS total scores (r = 0.411, p < 0.05)

	Langelage et al (2022) (53)
	25 children and adolescents with TS
	Significant correlations between intensity of premonitory urges (average intensity of live urge monitor ratings over five minutes) and ADHD symptoms measured by Conners ADHD rating scale (IA subscale: Pearson's r = 0.57, p = 0.01; HI subscale: Pearson's r = 0.50, p = 0.035).

	Crossley and Cavanna (2013) (51)
	72 adolescents and adults with TS
	Significant correlation between ASRS and PUTS scores (Spearman's r = 0.37, p = 0.001).

	Eddy and Cavanna (2014) (26)
	100 adults and adolescents with TS
	Significant correlation between ASRS and PUTS scores (Pearson’s r = 0.283, p = 0.004)

	Isaacs et al (2021) (31)
	52 adults with CTDs
	No significant correlation between ASRS and PUTS scores (Spearman's r = 0.19, p > 0.001).

	Narapareddy et al (2022) (32)
	48 adults with CTDs
	No significant correlation between PUTS and ASRS scores (Spearman's r = 0.28, p-value not reported but above significance threshold established by Benjamini et al’s false discovery rate-controlling procedure.)

	Steinberg et al (2010) (3)
	40 children with CTDs
	PUTS scores did not significantly correlate with ADHD Rating Scale IV (Conners) scores (r = 0.22, p = 0.16) (correlation type unclear from publication)
After dividing the sample into younger (less than 10-years-old) and older (older than 10 years) subgroups, this correlation remained non-significant in both groups

	Reese et al (2014) (15)
	122 adolescents and adults with CTDs
	PUTS scores did not significantly correlate with ADHD-RS scores (r = 0.08, p = 0.39, correlation type unclear from publication)

	Gulisano et al (2015) (4)
	95 children with TS
	No significant correlation between premonitory urges and ADHD symptoms measured by the CADS at baseline (mean age = 7.3 years, SD = 1.5 years) (Spearman's r = -0.156, p = 0.12) or follow-up (mean age = 13.1 years, SD = 3.7 years) (Spearman's r = 0.162, p = 0.13). 

	Openneer et al (2020) (7)
	656 children with CTDs
	Weak but significant correlation between ADHD symptom severity (measured by SNAP-IV) and premonitory urges (Pearson's r = 0.080, p < 0.05). 
After separating the sample into children aged 7 years and under, aged 8-10 years and older than 10 years the correlation only remained significant for the group aged 8-10 years (Pearson's r = 0.140, p < 0.05).


ADHD = Attention-Deficit Hyperactivity Disorder, ADHD-SB = German ADHD self-rating scale, WURS-K = Wender Utah Rating Scale, DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, fourth edition, CAARS = Conners Adult ADHD Rating Scale, IA = Inattention subscale, HI = Hyperactivity-impulsivity subscale, ARS = ADHD Rating Scale, ASRS = ADHD Self-Report Scale, ADHD-RS = Attention-Deficit Hyperactivity Disorder Rating Scale, ASRS-V = Adult ADHD Self-Report Screening Scale for DSM-5, CADS = ADHD Rating Scale/DSM-IV Scale, SNAP-IV = Swanson Nolan and Pelham-IV rating scale, CTD = Chronic Tic Disorder, PUTS = Premonitory Urge for Tics Scale, TS = Tourette Syndrome

Table 7: Associations with Mood/Anxiety Symptoms/Disorders
	Study
	Sample Size/Demographics
	Findings

	Rozenman et al (2015) (14)
	124 children and adolescents with CTDs
	No significant group difference in PUTS scores between those with and without a comorbid anxiety disorder (statistical values not reported in publication)
Participants with elevated anxiety symptoms (SCARED-C ≥ 22 and/or CY-BOCS ≥ 14) had significantly higher PUTS scores (t = -3.54, p = 0.001) than those without elevated anxiety symptoms. 
SCARED-C panic/somatic subscale score was a significant predictor of PUTS scores (β = 0.37, p < 0.01) in a stepwise multiple linear regression with age and YGTSS impairment as covariates.

	McGuire et al (2016) (43)
	75 children with any tic disorder
	Significant correlation between PUTS scores and SCARED-C (Spearman’s r = 0.48, p < 0.001) and SCARED-P scores (Spearman’s r = 0.26, p < 0.05).

	Eddy and Cavanna (2014) (26)
	100 adolescents and adults with CTDs
	Significant correlation between PUTS scores and HADS anxiety and depression subscale scores (Pearson’s r = 0.351, p = 0.001, Pearson’s r = 0.254, p = 0.014 respectively) 
Correlation with depression subscale of HADS did not survive correction for multiple comparisons.

	Narapareddy et al (2022) (32)
	48 adults with CTDs
	Significant correlation between GAD-7 and PUTS scores (Spearman’s r = 0.40, p-value not reported but below the significance threshold established by Benjamini et al’s false discovery rate-controlling procedure)
No significant correlation between PHQ-9 and PUTS scores (Spearman’s r = -0.04, p-value not reported but above significance threshold established by Benjamini et al’s false discovery rate-controlling procedure)

	Crossley and Cavanna (2013) (51)
	72 adolescents and adults with TS
	Significant correlation of PUTS scores with HADS total (Spearman’s r = 0.28, p = 0.019) and anxiety subscale scores (Spearman’s r = 0.33, p = 0.005). No significant correlation with HADS depression subscale scores (Spearman’s r = 0.18, p = 0.136).

	Brandt et al (2023) (52)
	291 adults with CTDs
	Comorbid depression was significantly associated with presence of premonitory urges (B = 2.07, p = 0.008) in a binary logistic regression model that included age, gender, and other psychiatric comorbidities as covariates.

	Gulisano et al (2015) (4)
	95 children and adolescents with TS
	No significant correlation between PUTS scores and MASC or CDI scores at follow-up (Spearman’s r = 0.158 (p = 0.13) and 0.188 (p = 0.19), respectively). 

	Steinberg et al (2013) (25)
	56 children and adolescents with CTDs
	No significant correlation between SCARED or CDI scores and PUTS scores (Pearson’s r = 0.07 and 0.10, respectively; p > 0.01 for both).

	Isaacs et al (2021) (31)
	52 adults with CTDs
	No significant correlation between PUTS scores and GAD-7 (Spearman’s r = 0.29, p > 0.001) or PHQ-9 scores (Spearman’s r = 0.25, p > 0.001)

	Steinberg et al (2010) (3)
	40 children with CTDs
	Significant correlation between SCARED and PUTS scores (r = 0.34, p < 0.05). No significant correlation of PUTS with CDI scores (r = 0.24, p = 0.15). 
After dividing the sample into younger (10 years and younger) and older (older than 10 years) subgroups, the only significant correlation between PUTS scores and either scale was a significant correlation between CDI and PUTS scores in the older group (r(22) = 0.47, p < 0.05) (correlation type unclear from publication)


	Woods et al (2005) (2)
	42 children and adolescents with CTDs
	Significant correlation between PUTS and CBCL withdrawal and anxiety/depression subscale scores (Pearson’s r = 0.38 and 0.33, respectively, p < 0.05 for both). 
When dividing the sample into youth 10 years and younger and older than 10 years, these correlations only remained significant in the older group (r = 0.59, p < 0.01 and r = 0.55, p < 0.01, respectively)


HADS = Hospital Anxiety and Depression Scale, PHQ-9 = Patient Health Questionnaire-9, MASC = Multidimensional Anxiety Scale for Children, CDI = Children’s Depression Inventory, CBCL = Child Behavior Checklist, SCARED-C = Screen for Child Anxiety Related Emotional Disorders – Child Version, SCARED-P = Screen for Child Anxiety Related Emotional Disorders – Parent Report, CY-BOCS = Children’s Yale-Brown Obsessive-Compulsive Scale, YGTSS = Yale Global Tic Severity Scale, GAD-7 = Generalized Anxiety Disorder Scale-7, CTD = Chronic Tic Disorder, PUTS = Premonitory Urge for Tics Scale, TS = Tourette Syndrome

Table 8: Associations with Behavioral, Conduct, and Emotional Problems
	Study
	Sample Size/Demographics
	Findings

	Woods et al (2005) (2)
	42 children and adolescents with CTDs
	Significant positive Pearson’s correlations between PUTS scores and social problems (r = 0.43, p < 0.05) and aggressive behavior (r = 0.43, p < 0.05) subscale scores of CBCL in youth older than 10 years of age 
Pearson’s correlations between PUTS scores and social problems (r = -0.29, p > 0.05) and aggressive behavior (r = 0.12, p > 0.05) subscale scores of CBCL not significant youth 10 years of age and younger

	Gulisano et al (2015) (4)
	95 children and adolescents with TS
	No significant correlation found between PUTS and CBCL scores (Spearman's r = 0.17, p = 0.14).

	Silvestri et al (2019) (54)
	45 children with CTDs
	Significant positive correlation between PUTS score and difficulty identifying feelings score of AQC (Pearson's r = 0.41, p = 0.005).
The DIF score of the AQC was also a significant predictor of PUTS scores in a multiple linear regression (β = 0.39, p = 0.014) that included gender of the child, mother’s education level, parenting stress index total score, and the DIF score of the Toronto Alexithymia scale as other covariates

	Ramsey et al (2021) (27)
	75 children with any tic disorder
	Significant positive correlation PUTS and DTS (r = 0.41, p < 0.001) such that higher PUTS scores were associated with lower levels of distress tolerance (correlation type unclear from publication)

	Ramsey et al (2022) (38)
	80 adults with TS or chronic motor tic disorder
	Significant positive correlation between PUTS and DTS (r = 0.39, p = 0.001) such that higher PUTS scores were associated with lower levels of distress tolerance (correlation type unclear from publication)

	McGuire et al (2016) (43)
	75 children with any tic disorder
	Significant negative correlation between PUTS and DTS (Spearman's r = -0.40, p < 0.001) *Note, in this case higher DTS scores were said to correspond to greater distress tolerance.
No significant correlations between any of the three I-PUTS dimensions and DTS scores (Spearman’s r = 0.03, 0.04, 0.06)

	Hagstrøm et al (2021) (55)
	65 children with TS
	Neither PUTS score nor the presence of premonitory urge (defined as “a score of 3 or 4 on the PUTS in any of the first six questions”) was associated with emotional regulation scores as assessed by the “The Tangram Emotion Coding Manual” (Pearson’s r = 0.111, p = 0.377, point-biserial r = -0.064, p = 0.612)

	Openneer et al (2020) (7)
	656 youth with CTDs
	No correlation found between externalizing symptom severity (measured by hyperactivity and conduct subscales of SDQ) and PUTS scores (Pearson's r = 0.047, p > 0.05).
After dividing the sample into children 7 years and younger, 8-10-years-old, and older than 10 years, this correlation became significant only in 8-10-years-old group (n = 253, Pearson’s r = 0.149, p < 0.05)
Small positive correlation found between internalizing symptom severity (measured by emotional problems and peer problems subscales of SDQ) and PUTS scores (Pearson's r = 0.084, p < 0.05).
After dividing the sample into children 7 years and younger, 8-10-years-old, and older than 10 years, this correlation only remained significant in the 8-10-years-old group (n = 253, Pearson’s r = 0.177, p < 0.001)


AQC = Alexithymia Questionnaire for Children, DIF = Difficult Identifying Feelings, DTS = Distress Tolerance Scale, SDQ = Strengths and Difficulties Questionnaire, CBCL = Child Behavior Checklist, CTD = Chronic Tic Disorder, PUTS = Premonitory Urge for Tics Scale, I-PUTS = Individualized Premonitory Urge for Tics Scale, TS = Tourette Syndrome

Table 9: Associations with Quality of Life and Global Functioning
	Study
	Sample Size/Demographics
	Findings

	Ramsey et al (2021) (27)
	75 children and adolescents with any tic disorder
	Significant correlations between PUTS scores and CSDS-P (r = 0.32, p = 0.006) and CSDS-C scores (r = 0.35, p = 0.002) (correlation type unclear from publication)
Additionally, the authors used structural equation modeling to examine the theoretical construct of urge intolerance, a construct derived from items on the PUTS and DTS. Higher levels of urge intolerance predicted both parent- and child- rated disability (β = 2.65, p = 0.008 and β = 4.21, p < 0.001 respectively)

	Crossley and Cavanna (2013) (51)
	72 adolescents and adults with TS 
	Significant correlation between PUTS and GTS-QoL (higher scores indicate poorer health-related QoL) scores (Spearman's r = 0.41, p < 0.001)

	Eddy and Cavanna (2014) (26)
	100 adolescents and adults with TS 
	Significant correlation between PUTS and GTS-QoL scores (Pearson's r = 0.367, p < 0.001)

	Langelage et al (2022) (53)
	25 children and adolescents with TS
	GTS-QoL scores correlated with mean urge intensity reported during five minutes of a live urge monitor assessment (Pearson's r = 0.50, p = 0.036)

	Cavanna et al (2012) (56)
	46 individuals with TS (Baseline: mean age = 10.8, Follow-up: mean age = 23.9)
	Presence of premonitory urges in childhood was associated with higher GTS-QoL scores (i.e., poorer health-related QoL) in adulthood (t(44) = 2.14, p = 0.038)
Additionally, the following independent variables (all at baseline) were entered into a stepwise multiple linear regression model predicting GTS-QoL total scores in adulthood: family history of tics, presence of premonitory urges, coprolalia, echopraxia, echolalia, and self-injurious behaviors, and diagnoses of OCD and ADHD. Presence of premonitory urges at baseline significantly predicted GTS-QoL scores in adulthood (β = 0.34, p = 0.008)
Presence of premonitory urges at baseline also predicted GTS-QoL obsessive-compulsive domain scores (β = 0.35, p = 0.008) and physical domain scores (β = 0.35, p = 0.008) in similar multiple linear regression models

	Capriotti et al (2013) (39)
	118 youth with CTDs
	Positive correlation between PUTS scores and 12 of 15 tic-related impact items (assessed by questionnaire including both Likert-type items and dichotomous (yes/no) questions) - private leisure, social life, friend relationships, family relationships, home chores, classes, study, school general, feel abnormal, picked on, gossip, and excluded

	Kano et al (2015) (34)
	41 children and adults with TS
	PUTS scores negatively correlated with GAF scores (higher scores indicate greater global functioning) (Pearson’s r = -0.38, p = 0.015)

	Kano et al (2020) (41)
	20 adolescents and adults with TS (participants had also been assessed an average of 4.0 years prior)
	Previous PUTS scores were not significantly correlated with current GAF scores (Pearson’s r = -0.327, p = 0.186), but change in PUTS scores between baseline and follow-up was correlated with change in GAF scores between baseline and follow-up (Pearson’s r = 0.518, p = 0.023)

	Brandt et al (2023) (52)
	291 adults with CTDs
	Higher urge intensity (measured on 1–11-point scale) correlated with lower quality of life (Pearson’s r = 0.28, p < 0.001) (Health-related QoL assessed with GTS-QoL, though it is unclear precisely which components of the GTS-QoL were used based on the information provided)

	Brandt et al (2023) (40)
	111 adults with TS
	Significant correlation between PUTS and GTS-QoL scores (Spearman’s r = 0.44, p < 0.001)

	Isaacs et al (2021) (31)
	52 adults with CTDs
	PUTS scores did not significantly correlate with GTS-QoL scores after correction for multiple comparisons (Spearman's r = 0.36, p > 0.001)

	Narapareddy et al (2022) (32)
	48 adults with CTDs
	GTS-QoL scores did not significantly correlate with PUTS scores after correction for multiple comparisons (Spearman's r = 0.22, p-value not reported but above the significance threshold established by Benjamini et al’s false discovery rate-controlling procedure)

	Ganos et al (2012) (33)
	15 adults with TS
	No significant correlation between PUTS and GTS-QoL scores (Pearson’s r = 0.322, p = 0.242)


CSDS-P = Child Sheehan Disability Inventory – Parent Rated, CSDS-C = Child Sheehan Disability Inventory – Child Rated, GTS-QoL = Gilles de la Tourette syndrome-quality of life scale, GAF = Global Assessment of Functioning, DTS = Distress Tolerance Scale, OCD = obsessive-compulsive disorder, ADHD = attention-deficit/hyperactivity disorder, CTD = Chronic Tic Disorder, PUTS = Premonitory Urge for Tics Scale, TS = Tourette Syndrome

Table 10: Premonitory Urge Response to Behavioral Interventions
	Study
	Sample Size/Demographics
	Type of Intervention
	Findings

	Kang et al (2022) (57)
	30 children with CTDs
	CBIT (eight weekly sessions, 90 minutes each) vs supportive psychotherapy
	No significant between-group difference in PUTS score change from pre- to post-intervention (CBIT group n = 18; supportive psychotherapy group n = 12; Mann-Whitney U = 88.50, p = 0.415). Pre- to post-intervention change in PUTS scores was also not significant for either group.

	Houghton et al (2017) (58)
	126 children and 122 adults with CTDs
	CBIT vs PST (eight sessions over 10 weeks)
	A 2x2x3 (treatment condition × response status × time) repeated measures ANOVA was conducted to assess factors that contributed to the change in PUTS scores over the trial.
In the pediatric trial, there were no significant main effects (time: F(2, 204) = 1.59, p = 0.21, treatment condition: F(1, 102) = 0.52, p = 0.47, response status: , F(1, 102) = 0.69, p = 0.41) or interactions. 
In the adult trial, there were no significant main effects of treatment condition or response status (treatment condition: F(1, 95) = 0.003, p = 0.96, response status: F(1, 95) = 0.30, p = 0.59), but there was a significant main effect of time (F(2, 190) = 4.55, p = 0.012), such that PUTS scores decreased over time across all participants.
A bootstrapping regression technique investigated whether reduction in premonitory urges mediated the relationship between treatment condition and reduction in YGTSS total tic score: reductions in premonitory urge severity did not mediate the relationship between treatment and outcome (child trial: effect = 0.003, adult trial: effect = -0.03).

	Deckersbach et al (2014) (59)
	eight adults with CTDs
	CBIT for all participants (10 weeks)
	Mean PUTS scores at baseline were 26.00 and post-treatment were 25.57

	Nonaka et al (2015) (60)
	six participants aged 9-20 with TS
	CBIT for all participants (10 weeks)
	Mean PUTS scores did not significantly change, while paired sample t-tests showed that YGTSS-TTS (t = 2.8, p = 0.04) and YGTSS Impairment Scores (t = 3.8, p = 0.01) significantly improved

	Verdellen et al (2008) (61)
	18 children and adults with TS
	two training sessions (two hours each) followed by 10 weekly, two hour ERP treatment sessions
	Across participants SUD-score tended to decrease both within sessions (p < 0.001) and across the 10 sessions (p < 0.001). Also, greater tic frequency (as counted by the therapist) during a session was associated with a lesser reduction in SUD-score within that session. The reduction in SUD-score within a session was found to be independent of session number (p = 0.48).

	Van de Griendt et al (2023) (62)
	29 children and adults with CTDs
	two training sessions and 10 weekly, one hour sessions of ERP
	Urge ratings tended to increase during each session, with a repeated measures analysis showing an increase in urge intensity within sessions (F (1.49, 41.63) = 5.81, p < 0.05). A piecewise model showed that this increase tended to occur during the first 15 minutes of each session, followed by stability in the remainder of each session

	Heijerman-Holtgrefe et al (2021) (63)
	14 children with TS (13 completed the study)
	three consecutive days of group-based ERP sessions, followed by one more session a week later (each session was 135 minutes)
	While YGTSS-TTS scores significantly reduced, mean PUTS scores declined by only 3% (No further statistical data was provided regarding change in PUTS)

	Nissen et al (2019) (64)
	54 children and adolescents with CTDs (n = 27 in each group)
	HRT/ERP administered in groups of four vs. HRT/ERP administered individually - each treatment group consisted of eight sessions plus one booster session
	No significant difference in PUTS scores between baseline and the eighth session in both group and individual administration of HRT/ERP (values not reported)
No association between the change in PUTS scores from baseline to post treatment and the change in either YGTSS-TTS or YGTSS Impairment from baseline to post-treatment (p = 0.24 and p = 0.56, respectively)

	Sukhodolsky et al (2017) (65)
	 248 children and adults with CTDs
	CBIT vs. PST (eight sessions over 10 weeks)
	A mixed-model repeated-measures analyses showed that higher PUTS scores at baseline significantly predicted lesser reduction of YGTSS-TTS scores across both treatment groups (F1,225 = 8.13, p = 0.005). PUTS scores did not moderate treatment response


CBIT = Comprehensive behavioral intervention for tics, ERP = Exposure and response prevention, HRT = Habit reversal training, PST = Psychoeducation and supportive therapy, SUD-score = subjective units of distress scale score (higher scores indicate more distressing premonitory urges), YGTSS = Yale Global Tic Severity Scale, TTS = Total Tic Score, CTD = Chronic Tic Disorder, PUTS = Premonitory Urge for Tics Scale, TS = Tourette Syndrome

Table 11: Premonitory Urge Response to Pharmacotherapy
	Study
	Sample Size/Demographics
	Type of Intervention
	Findings

	Gerasch et al (2016) (23)
	44 adults with TS (18 chose treatment – open label)
	Aripiprazole (Abilify) - dose began at 2.5 mg/day and was increased every three days to a maximum of 30 mg/day (mean final dose was 12.2 mg). The treatment lasted four to six weeks
Prior to treatment participants completed a four week washout period if they were using psychoactive substances
	A Mann-Whitney U test for paired samples showed no significant difference in PUTS scores between baseline and follow up for the treatment group (mean difference = 0.1, p = 0.917) but there was a significant reduction in YGTSS-TTS scores between baseline and follow up for the treatment group (mean difference = -3.5, p = 0.027)

	Gilbert et al (2014) (66)
	18 (15 completed) adults with TS – open label
	Ecopipam – eight weeks 
- 50 mg each night for two weeks, then 100 mg each night for six weeks
	PUTS scores did not significantly change from baseline (mean = 25.0) to study completion (mean = 25.4), but YGTSS-TTS (p = 0.0008) and YGTSS impairment (p = 0.0161) did decrease from baseline to study completion

	Jankovic et al (2010) (67)
	29 (20 completed) children and adults with TS
	Randomized, double blind, placebo-controlled trial of topiramate – Started on 25 mg/day of topiramate, with doses increasing over the course of six weeks to a maximum of 200 mg/day, followed by a four week maintenance phase and subsequent 12-day taper phase
	YGTSS-TTS scores significantly improved from baseline to day 70. Premonitory urge Clinical Global Impression also improved (values not reported)

	McGuire et al (2020) (68)
	20 children with CTDs
	Randomized trial of one session of HRT combined with 50 mg D-cycloserine taken one hour before vs. one session of HRT with placebo
	Conducted a fixed effects repeated measures analysis with a treatment group factor and baseline tic severity, co-occurring ADHD and alpha-agonist medication as covariates. There was a significant interaction between treatment group and time (p = 0.02) for I-PUTS frequency, such that I-PUTS frequency declined more in the treatment group. There was no significant interaction between treatment group and time (p = 0.13) for I-PUTS intensity

	Jankovic (1994) (69)
	10 patients (aged 13-53) with TS
	BTX - 30 U to 300 U (depending on the site of injection)
	Patients were assessed two to four months following the injection, during which they rated the effect of the injection of their premonitory urges on a 0-3 scale (higher values indicate greater response, more effective treatment). Of the seven patients that experienced premonitory urges at baseline, all seven responded with a two or three on the 3-point scale

	Kwak et al (2000) (70)
	35 children and adults (34 with TS, one meeting all diagnostic criteria for TS other than age of tic onset)
	BTX - varying number of injections over an average of just under two years (mean number of visits per participant = 3.3)
	Participants reported their percent improvement in premonitory urges following BTX injection, and 84% of the 25 patients who experienced premonitory urges at baseline “derived mark relief of these symptoms”. These participants mean reported percentage improvement in premonitory urges was 70.6%, with three participants reporting “complete resolution of premonitory discomfort”

	Marras et al (2001) (71)
	18 individuals (IQR = 15-55) with TS or chronic motor tic disorder
	Double blind, randomized, placebo-controlled crossover trial of BTX to muscles involved in target tics (each phase was one injection, follow up assessments done at 2 weeks post injection)
	Urge (urge to perform the tic) ratings decreased significantly more in the BTX phase compared to placebo phase (p = 0.02), while there was no significant difference between changes in premonitory sensation (sensation associated with a tic) ratings (p = 0.47) between the phases. (unclear what the operational difference in these constructs is)

	Kwak et al (2003) (72)
	50 children and adults with TS (12 participants reported having received BTX injections)
	BTX
	12 participants reported having received BTX injections for motor tics in the past and 8 (67%) of these participants reported that these injections reduced their premonitory urges. 
Of note, 13 of 19 (68%) participants reported that medication taken for their tics or comorbid OCD reduced their premonitory urges as well.

	Rath et al (2010) (73)
	15 adults with CTDs
	BTX-A - every three to four months with a varying total number of injections (median number of treatments per tic = 6)
	Of the eight patients that experienced premonitory urges, all had their premonitory urges reduced following BTX-A treatment, and two patients reported that their premonitory urges had completely gone away following their first two treatments.

	Porta et al (2004) (74)
	28 children and adults with TS and two adults that met all TS criteria except age of tic onset
	BTX-A injected into vocal cords - number of treatments (mean = 1.9) and interval between treatments (mean = 4.2 months) varied
	After treatment, only 20% of patients reported experiencing premonitory urges compared to 53% prior to treatment.

	Di Lazzaro et al (2020) (75)
	three adults with tic disorders
	BTX
	Patients “felt frustrated for still experiencing the need to tic in the treated areas, without being able to do so due to BoNT-induced muscle weakness"

	Müller-Vahl et al (2021) (76)
	44 adults with TS
	Lu AG06466 (monoacylglycerol lipase inhibitor) - eight week, double blind randomized, placebo-controlled trial – active group treatment: “10 mg for the first 3 days, 20 mg on days 4–28, 30 mg on days 29–35, before the target dose of 40 mg was reached for 21 days until day 56”
	No significant difference in PUTS scores between groups at four (p = 0.50) or eight weeks (p = 0.67).

	Müller-Vahl et al (2022) (77)
	19 adults with TS
	Lu AG06466 - single dose, double blind placebo-controlled crossover trial
	PUTS scores decreased significantly more in the treatment condition compared to the placebo condition at 4 and 12 hours post dose (p < 0.05), but not at 8 hours post dose

	Müller-Vahl et al (1998) (78)
	64 adolescents and adults with TS
	Cannabis – interview of TS patients’ experiences using marijuana
	17 reported previously using cannabis, and four of these patients reported "reduction in pre-urges”

	Anis et al (2022) (79)
	18 adults with TS (15 completed the study)
	Cannabis - open label study of daily cannabis (varying doses and methods of administration)
	PUTS scores significantly decreased after 4 and 12 weeks (p = 0.043 at both timepoints)
Many of the subjects reported side effects including dry mouth (67%), fatigue (53%), and sedation and dizziness (47%)

	Abi-Jaoude et al (2022) (80)
	12 adults with TS (9 completed the study)
	three treatments (all vaporized medical cannabis): ∆9 -tetrahydrocannabinol (THC), Cannabidiol (CBD), THC/CBD combination - double blind, randomized placebo-controlled crossover study - each participant received each product once, with each condition separated by two weeks
	The THC and THC/CBD products significant reduced PUTS scores relative to placebo (THC: at 30 min, one hour, two hours, and three hours after administration (p < 0.001), THC/CBD: at one hour (p < 0.05), two hours and three hours (p < 0.001) after administration)

	Silver et al (1999) (81)
	one 58-year-old male with “Tourette symptoms”
	7 mg transdermal nicotine patch
	Disappearance of premonitory urges and tics within three hours, symptoms returned seven days later, reported nausea as a side effect

	Szejko et al (2020) (82)
	one 46-year-old female with TS and Guillain-Barré-like immune-mediated neuropathy
	Intravenous immunoglobulin (IVIg) - five days of 30g per day
	Temporary reduction in premonitory urges after five days of IVIg treatment

	Szejko et al (2019) (83)
	One 12-year-old male with TS
	0.15g of vaporized cannabis (33mg of THC)
	PUTS score decreased from 23 at baseline to 15 at 30 minutes post inhalation of cannabis


BTX = Botulinum toxin, IQR = inter quartile range, YGTSS = Yale Global Tic Severity Scale, TTS = Total Tic Score, CTD = Chronic Tic Disorder, PUTS = Premonitory Urge for Tics Scale, I-PUTS = Individualized Premonitory Urge for Tics Scale, TS = Tourette Syndrome, HRT = Habit reversal training, ADHD = attention-deficit/hyperactivity disorder, OCD = obsessive-compulsive disorder, g = grams, mg = milligrams, THC = tetrahydrocannabinol, CBD = Cannabidiol, IVIg = intravenous immunoglobulins

Table 12: Neural Correlates of Premonitory Urge
	Study
	Sample Size/Demographics
	Neuroimaging Technique
	Findings

	Bhikram et al (2021) (84)
	40 adults with TS
	fMRI (participants completed a blink suppression task that included four free to blink and four blink suppression conditions, and during these conditions participants were shown either angry or neutral facial expressions)
	No significant associations between PUTS scores and brain activity in free to blink vs. blink suppression conditions across emotional conditions
PUTS scores were significantly positively associated with the interaction between emotional condition and blink condition on activity in the thalamus (z = 3.97, p < 0.001), hippocampus (z = 4.17, p < 0.001), mid temporal gyrus (z = 4.79, p < 0.001), precuneus (z = 4.17, p < 0.001), midcingulate (z = 4.70, p < 0.001), and the tail of the caudate (z = 4.33, p < 0.001) such that activity was greater in the angry face conditions than the neutral face conditions

	Eddy et al (2016) (85)
	25 adults with TS
	fMRI (while participants completed a theory of mind task)
	Associations between PUTS scores and brain activity during theory of mind tasks in right temporal-parietal junction (TPJ) (F = 13.02, p = 0.002) and left (F = 6.46, p = 0.021) and right (F = 10.30, p = 0.005) amygdalae but not left TPJ or right posterior cingulate.

	Eddy et al (2017) (86)
	25 adults with TS (same sample as Eddy et al 2016)
	fMRI (while participants completed a “reading the eyes” task)
	PUTS scores were associated with greater activity in the right (t = 2.91, p = 0.009) and left TPJ (t = 2.23, p = 0.037) during the task, but no significant association was found between PUTS scores and left or right amygdalae activity during the task

	Deckersbach et al (2014) (59)
	8 adults with TS
	fMRI (while participants completed a visuospatial priming task that “assesses the effects of an inhibitory or faciliatory ‘prime’ on the reactions to a subsequently presented probe”) – PUTS and fMRI task completed before and after 10 weeks of CBIT
	Prior to CBIT, task-related activation in the superior temporal gyrus was negatively correlated with PUTS scores (Pearson’s r = -0.97, p < 0.001). The change in PUTS score from pre- to post- CBIT did not significantly correlate with the change in task-related activation from pre- to post- CBIT. Pre-CBIT PUTS scores were not significantly correlated with change in task-related activation in five a priori regions of interest (Brodmann's area 11, 44, 47, caudate and putamen)

	Rae et al (2020) (87)
	23 adults with TS
	fMRI (while participants completed a “Go/NoGo” task)
	No correlations of PUTS scores with task effects for either Choose-Go (“volitional action”) or Choose-NoGo (“intentional inhibition”) conditions. However, during trials in which participants “chose-go,” PUTS scores were positively associated with functional connectivity of the pre-SMA with the following regions (p < 0.05 FDR cluster corrected; cluster-forming threshold: p<0.001): caudate nucleus, globus pallidus and thalamus. There were no associations between PUTS score and IFG functional connectivity

	Rae et al (2023) (88)
	23 adults with TS (same sample as Rae et al 2020)
	fMRI (while participants completed a “Go/NoGo” task)
	Greater representational similarity in the caudate nucleus between "go" and "nogo" conditions positively correlated with PUTS scores (r = 0.513, p = 0.012), but this association did not survive correction for multiple comparisons. 

	Tinaz et al (2015) (89)
	13 adults with TS
	resting state fMRI
	PUTS scores were positively associated with functional connectivity between the right dorsal anterior insula and the right SMA2 (F = 9.49, t = 3.08, p = 0.012) and left SMA1 (F = 5.78, t = 2.40, p = 0.037) in multiple regression analysis (see publication for MNI coordinates corresponding to “SMA1” and “SMA2”).

	Rae et al (2018) (90)
	21 adults with TS
	fMRI (while undergoing fMRI, participants completed a face perception in which they viewed angry or neutral faces and were instructed to report whether the face was male or female)
	Contrasts in both the neutral face and angry face conditions (relative to baseline) were not significantly associated with PUTS scores. However, functional connectivity between the insula and the following regions was positively associated with PUTS scores (p < 0.05 FDR cluster corrected; cluster-forming threshold: p<0.001): SMA, posterior cingulate, precuneus, and fusiform gyrus/cerebellum

	Bhikram et al (2020) (91)
	40 adults with TS
	resting state fMRI
	PUTS scores were negatively associated with functional connectivity between the insula and inferior frontal gyrus (t = 4.69, p = 0.029), between the orbitofrontal cortex and pre/post central gyri (t = 5.65, p < 0.001), and between the putamen and inferior frontal gyrus (t = 4.62, p = 0.029).

	Tinaz et al (2014) (92)
	15 adults with TS (16 enrolled but 1 TS participants’ MRI data were not usable)
	1) resting state fMRI
2) MEG
3) MRI
4) MRS
	1) No significant associations between PUTS scores and sensorimotor cortex functional connectivity.
2) No significant correlations between PUTS scores and baseline beta band power in sensorimotor cortex (r = 0.10, p = 0.74)
3) No significant correlations between PUTS scores and sensorimotor cortical volume (Left SMC: r = -0.22, p = 0.43, Right SMC: r = -0.43, p = 0.10).
4) GABA+ / Creatine ratio in the sensorimotor cortex did not significantly correlate with PUTS scores r = -0.40, p = 0.15).
(correlation types unclear from publication)

	Loo et al (2019) (93)
	23 children with CTDs
	EEG (while participants completed cued eye-blink task)
	Positive correlations of “urge strength” with gamma power in dorsolateral prefrontal cortex (Pearson’s r = 0.42, p < 0.05) and SMA (Pearson’s r = 0.44, p < 0.05), and of “urge strength” with alpha power in the left parietal cortex (Pearson’s r = 0.39, p < 0.05); negative correlations of “urge strength” with alpha power in the posterior cingulate (Pearson’s r = -0.49, p < 0.05).
Note: 1) activations are around the time of cued blinks, 2) unclear which items of PUTS correspond to “urge strength”

	Niccolai et al (2019) (94)
	11 adults with TS (PUTS data for n = 8)
	MEG
	Beta power slope of bilateral premotor and motor cortices in time window one (1s to 0.5s before tics) significantly correlated with PUTS item 6 ("I feel like there is energy in my body that needs to get out") (r = 0.928, p = 0.004). Spearman’s correlations between total PUTS scores and beta power slopes in time window one (r = 0.710, p = 0.055) and time window two (0.5s to 0s before tics) (p = 0.564) were not significant.

	Ganos et al (2014) (95)
	14 adults with TS
	fMRI (while participants completed free to tic and tic suppression conditions)
	No correlation between PUTS scores and regional homogeneity contrast values between suppression and free to tic conditions in left inferior frontal gyrus (Pearson’s r = -0.091, p = 0.758). 
*Note: regional homogeneity “measures the local synchronization of spontaneous fMRI signals… and can therefore be considered a measure of local connectivity”

	He et al (2022) (96)
	68 children with TS
	MRS – right hemisphere
	After correcting for multiple comparisons, there were significant negative Pearson’s correlations of SMA GABA+ concentration with I-PUTS frequency (r = -0.39, p = 0.022), I-PUTS intensity (r = -0.42, p = 0.011), and I-PUTS number (r = -0.40, p = 0.02), such that lower levels of SMA GABA+ were associated with greater premonitory urge symptoms. There were no significant associations of GABA+ concentrations in the insula or SMC with I-PUTS scores, nor were there any associations between Glx levels in any of the three brain regions and I-PUTS scores

	Kanaan et al (2017) (97)
	37 adults with TS
	MRS
	Significant negative association between thalamic glutamate concentration and PUTS scores (r = -0.47, p = 0.017), after adjusting for age and sex

	Draganski et al (2010) (98)
	34 adults with TS
	MRI (VBM approach)
	Significant positive associations between PUTS scores and both left somatosensory cortex (S1) and right prefrontal cortex (PFC) grey matter volume (z = 4.3, p < 0.05, z = 4.7, p < 0.05 respectively) and cortical thickness (z = 4.7, p < 0.05, z = 4.2, p < 0.05 respectively). Also, the authors identified a positive association between PUTS scores and left dorsal premotor cortex grey matter volume (z = 4.3, p < 0.05) and a negative association between PUTS scores and fractional anisotropy of white matter for portions of the bilateral superior longitudinal fascicles (p < 0.05) - Age, gender and total intracranial volume were controlled for as covariates

	Draper et al (2016) (36)
	29 individuals aged 8-21 with TS
	MRI
	No positive associations between regions of grey matter thickness and PUTS scores, but there were significant negative associations between PUTS scores and grey matter thickness in clusters within the following regions: Right Rolandic Operculum, Left Inferior Occipital Gyrus, Left insula, and Left Pre-Central Gyrus 
(A multi-step process was used to arrive at significance: “An initial height threshold was set at p < .001, and identified clusters were then corrected for multiple comparisons (p < .05) and an extent threshold of 10 mm 2 was applied.”)
(Table 2 in the cited publication provides cluster sizes of the above regions; magnitude of the effect is not reported)

	Sigurdsson et al (2018) (99)
	28 individuals aged 8-21 with TS
	DTI (analyzed using graph theory)
	No association between any measure of diffusion and PUTS scores (p > 0.05). Significant positive associations between PUTS scores and local efficiency (“efficacy of information transfer”) in the right posterior insula (thresholds: 21-18%, β = 0.55, p < 0.001) as well as the left anterior insula (thresholds: 16-15%, β = 0.60, p < 0.001). There was also a significant negative association between local efficiency in the left caudate and PUTS scores (thresholds: 27%-24%, 22%-20%, β = -0.55 to -0.57, p < 0.001) - age, IQ, and total intracranial volume were controlled for as covariates

	Sigurdsson et al (2020) (100)
	28 adolescents with TS
	MRI (VBM approach) - focusing on regions of interest within the cerebellum
	PUTS scores were positively correlated with grey matter volume in a cluster in the right cerebellar lobule VI (t = 3.88, p < 0.001)
(correlation type unclear from publication)

	Sigurdsson et al (2020) (101)
	16 children and adults with TS
	Neuronavigated transcranial magnetic stimulation (nTMS) and EMG recording to map the representation of different muscles in the sensorimotor cortex
	Significant negative correlations (controlling for age and sex) between the PUTS and the Euclidean distance between the first dorsal interosseous (FDI, hand) and the orbicularis oris (lips) (Pearson’s r = -0.67, p = 0.012), the Euclidean distance between the FDI and masseter (jaw) (Pearson’s r = -0.78, p = 0.002), and the Euclidean distance between the FDI and orbicularis oculi (eyes) (Pearson’s r = -0.69, p = 0.005). The area of FDI cortical representation also was positively correlated with PUTS scores (Pearson’s r = 0.60, p = 0.01)

	Jackson et al (2020) (29)
	28 children and adults with TS
	MRI (VBM approach)
	Significant positive correlation between grey matter volume in an anterior-dorsal (Area IG 2) cluster within the right insula and PUTS scores (Pearson’s r = 0.43, p < 0.05). Of note, grey matter volume in a separate region of the right insula was negatively correlated with YGTSS motor tic scores

	Jackson et al (2021) (102)
	28 children and adults with TS (same sample as Jackson et al 2020)
	MRI (VBM approach)
	Significant positive correlation between grey matter volume in a cluster within the left hemisphere mid-cingulate and PUTS scores (r = 0.44, p < 0.05). Of note, grey matter volume in two other clusters in the left hemisphere cingulate cortex were positively correlated with YGTSS motor tic scores (correlation type unclear from publication)

	Brandt et al (2014) (42)
	14 adults with TS and 15 age-matched controls
	PAS - “Peripheral, electrical stimulation at the wrist and central, TMS stimulation over M1 are repeatedly combined in such a way that both stimuli arrive in the cortex simultaneously, which should result in a transient strengthening of the synapses involved” – Measured MEPs following procedure
	Positive correlation between PUTS scores and plasticity (MEP change) following PAS procedure (data from n = 12 with TS, r = 0.82, p = 0.001). Interestingly, although greater premonitory urge severity was associated with a greater LTP-like response, MEP change (plasticity) was lower in those with TS compared to controls
Resting motor threshold correlated with PUTS scores, but not significantly (data from n = 12 with TS, r = 0.53, p = 0.08)
(correlation types unclear from publication)

	Larsh et al (2022) (44)
	17 children with TS
	TMS / EMG
	I-PUTS intensity was associated with TMS-evoked cortical excitability (CE) (p < 0.001) and long-interval cortical inhibition (LICI) (p < 0.001) in the left and right motor cortex (M1), such that those with lower TMS-evoked CE and LICI had higher I-PUTS intensity scores
Interestingly, those with lower CE and LICI had lower YGTSS-TTS scores

	Batschelett et al (2023) (45)
	30 children with TS
	TMS / EMG
	No significant associations between M1 physiology measures (including short-interval cortical inhibition and intracortical facilitation) and I-PUTS scale scores (all p > 0.5).

	Hampson et al (2009) (103)
	16 adults with CTDs and matched controls (same gender, handedness, and sex and of similar age)
	fMRI (CTD participants were free to tic and matched controls were instructed to imitate the tics of the CTD participant to which they were matched)
	Significant group by time interaction for SMA activity around action (p = 0.004, using data from the 14 CTD participants known to experience premonitory urges and their matched controls) such that SMA activity was greater before and after tics in CTD participants than before and after intentional movements in control participants

	Bohlhalter et al (2006) (104)
	10 adults with TS
	fMRI
	See Table 2 in publication for areas of statistically significant (p < 0.05, corrected for multiple comparisons) elevations in bold signal two seconds prior to tics. The following regions were also noted to have had stronger fMRI activations two seconds prior to tics than at tic onset: bilateral insula, bilateral posterior putamen, bilateral anterior cingulate cortex, bilateral SMA and bilateral parietal operculum.

	Duggal et al (2002) (105)
	three participants with CTDs (aged 16-51) – all endorsed experiencing premonitory urges
	EEG
	Bereitschaftspotential (BP, an EEG potential that occurs prior to intentional movements) observed prior to tics closer to tic onset than BP prior to voluntary movement.

	Morera Maiquez et al (2022) (106)
	16 individuals aged 12-23 with TS
	EEG
	No desynchronization of mu or beta band power over sensorimotor cortex prior to or at tic onset, unlike during voluntary movements.

	Zapparoli et al (2024) (107)
	23 individuals with TS
	fMRI - included conditions in which they imagined a situation that promotes tic occurrence (“urge phase”) and a condition in which they imagined acting out a tic. Following each phase, participants rated distress or relief experienced during the phase
	Distress ratings during the urge phase were positively associated with a network of brain activation including “the superior medial prefrontal cortex and SMA, the middle and inferior frontal gyri, the middle cingulum, bilaterally, the left precentral and postcentral gyri, the left temporo-occipital region, the right fusiform gyrus.” During the urge phase, there were significant clusters of activation in “the right caudate nucleus and nucleus accumbens, the putamen, bilaterally, and the right cerebellum.” (Table 2 in the cited publication provides magnitudes and p-values for each of the above regions.)
Left putamen activity was significantly associated with distress ratings during the “urge phase” and relief ratings during the tic imagination phase


Glx = glutamate + glutamine, MRI = Magnetic resonance imaging, MRS = Magnetic Resonance spectroscopy, fMRI = Functional magnetic resonance imaging, EEG = Electroencephalography, MEG = Magnetoencephalography, EMG = Electromyography, VBM = voxel-based morphometry, DTI = Diffusion tensor imaging, GABA+ = GABA + macromolecules, SMA = supplementary motor area, TMS = transcranial magnetic stimulation, M1 = Primary motor cortex, S1 = primary sensory cortex, TPJ = temporal-parietal junction, PAS = paired associative stimulus, MEP = Motor Evoked Potential, SMC = sensorimotor cortex, MNI = Montreal Neurological Institute, CE = cortical excitability, LICI = long-interval cortical inhibition, CBIT = Comprehensive behavioral intervention for tics, YGTSS = Yale Global Tic Severity Scale, TTS = Total Tic Score, CTD = Chronic Tic Disorder, PUTS = Premonitory Urge for Tics Scale, I-PUTS = Individualized Premonitory Urge for Tics Scale, TS = Tourette Syndrome
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