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Abstract

Collecting phenotypic data necessary for genetic analyses of neuropsychiatric disorders is time
consuming and costly. Development of web-based phenotype assessments would greatly improve
the efficiency and cost-effectiveness of genetic research. However, evaluating the reliability of this
approach compared to standard, in-depth clinical interviews is essential. The current study
replicates and extends a preliminary report on the utility of a web-based screen for Tourette
Syndrome (TS) and common comorbid diagnoses (obsessive compulsive disorder (OCD) and
attention deficit/hyperactivity disorder (ADHD)). A subset of individuals who completed a web-
based phenotyping assessment for a TS genetic study was invited to participate in semi-structured
diagnostic clinical interviews. The data from these interviews were used to determine participants’
diagnostic status for TS, OCD, and ADHD using best estimate procedures, which then served as
the gold standard to compare diagnoses assigned using web-based screen data. The results show
high rates of agreement for TS. Kappas for OCD and ADHD diagnoses were also high and
together demonstrate the utility of this self-report data in comparison previous diagnoses from
clinicians and dimensional assessment methods.

Keywords

Tourette Syndrome; Obsessive-compulsive disorder; attention deficit/hyperactivity disorder; web-
based assessment

1. Introduction

Tourette Syndrome (TS) is a childhood-onset neuropsychiatric disorder marked by the
occurrence of multiple motor tics and at least one phonic tic for a period of more than a year
(American Psychiatric Association, 2000). The reported prevalence of TS is 0.3-0.7%
internationally (Scharf et al., 2014) and affects males more frequently than females at a rate
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of 3 or 4 to 1 (Robertson, 2008; Scharf and Pauls, 2008). TS symptom severity generally
waxes and wanes, typically beginning between ages 5 and 7, intensifying between ages 10
and 12, and diminishing in strength thereafter (Conelea et al., 2014). While many
individuals experience a marked decrease in tic symptoms in adulthood, for others,
symptoms persist (Ludolph et al., 2012; Tamara, 2013).

The disease burden of TS is high. In a recent study, adults with TS reported lower quality of
life (QOL) than was reported by “healthy” adults and scored significantly higher on scales
of depression and anxiety than the general population (Conelea et al., 2014). This may be
due in part to the high prevalence of comorbid psychiatric disorders, predominantly
obsessive compulsive disorder (OCD) and attention deficit/hyperactivity disorder (ADHD),
which occur at rates of 30-50% and 30-90% respectively (Bloch et al., 2006; Coffey et al.,
2000; Freeman, 2007; Hirschtritt et al., 2015).

Etiological studies have demonstrated a complex relationship between TS, OCD, and
ADHD, both phenotypically and genetically (Davis et al., 2013; Gunther et al., 2012;
Mathews and Grados, 2011; McGrath et al., 2014; O’Rourke et al., 2011; Stewart et al.,
2006; Yu et al., 2015). Additionally, recent evidence suggests that TS, OCD, and ADHD are
polygenic, meaning many genes contribute jointly to their symptom expression (Davis et al.,
2013; Gratten et al., 2014). Therefore, studies attempting to identify specific, genome-wide
significant TS-related genes necessitate large sample sizes, typically in the range of
thousands to tens of thousands (O’Rourke et al., 2009; Scharf et al., 2013). As with other
neuropsychiatric disorders, sample collection has been a rate-limiting factor in TS genetic
research. Traditionally, recruitment of appropriate participants has taken place through TS
specialty clinics, which tend to be located in large urban areas and therefore have a limited
referral base. In addition, phenotypic data have historically been obtained through lengthy
structured interviews, creating a substantial participant burden at a high cost of time and
resources.

To address these obstacles, we have developed a web-based phenotyping measure, the
Tourette Internet-implemented Questionnaire, (TIQue) (Egan et al., 2012) for online
recruitment of participants throughout the United States. Not only does this measure allow
individuals who do not live near a TS specialty clinic to participate, it also enables efficient,
cost-effective collection of TS phenotype data, including tic symptoms, severity, and
information about comorbid conditions. This information is entered directly by the
participants into the TIQue through a secure web-site.

Following the initial phase of web-based recruitment for an ongoing TS genetic study, the
authors reported on the effectiveness of the TIQue, showing that 631 participants completed
the online questionnaires and also provided a DNA sample compared to only 238 TS
participants recruited through a standard methods at six TS specialty clinics over the same
time period (Egan et al., 2012). The authors also reported a concordance rate of 100%
between eligibility criteria for genetic studies of TS determined by the web-based screen and
eligibility based on in-depth diagnostic interviews conducted in a subset of participants.
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Since this initial report, over 1,400 additional individuals have completed the TIQue; thus,
we now have the ability to expand our previous validation of the TIQue for TS and to extend
analyses to OCD and ADHD. Therefore, the goals of this study were 1) to examine the
concordance rates for TS diagnoses between the TIQue and gold standard diagnoses in a
larger, potentially more heterogeneous sample, and 2) to analyze the reliability of OCD and
ADHD diagnoses provided by the TIQue, and 3) to identify the best method of assigning
DSM-1V diagnoses using TIQue variables.

2. Methods

2.1 Procedures and Participants

The data used in the current study were part of a larger data collection effort for ongoing TS
genetic studies (Egan et al., 2012; Scharf et al., 2013). Detailed procedures, including the
development and implementation of the TIQue, have been described in Egan and colleagues
(2012). Current analyses consist of TIQue data collected between April 2010 and January
2014, and include the preliminary sample evaluated in the initial report. In addition to letters
emailed and mailed to Tourette Syndrome Association (TSA) members, patients identified
as likely having TS were referred to the website by clinicians at multiple collaborating sites.
Individuals accessed the TIQue through an open link. Approval was obtained from the
Institutional Review Board at each site. Participants, or their parents, in the case of minors,
provided informed consent before completing the TIQue.

As the main study aimed to collect TS-affected individuals for genetic research, exclusion
criteria included the following: known intellectual disability, seizure disorder or epilepsy,
other known genetic or neurological conditions, individuals whose family members had
previously completed the TIQue, or completion of a TS genetic study in the previous five
years by an individual or family member. Since its launch, a total of 3251 individuals
initiated the TIQue and 2643 individuals completed it (81.3%). A random sample of those
with complete data (n = 614) was invited to undergo in-depth clinical interviews for the
current validation study; 257 (41.9%) agreed.

A semi-structured clinical interview (the TSAICG Tic and Comorbid Symptom (TICS)
inventory described in section 2.2.2) was conducted in-person or using an online video-
calling service to enable observation and documentation of tics, or by telephone when other
options were not available. Interviews were administered by a PhD level interviewer or a
senior medical student with clinical research experience (Cl, CE, ME, MH), specifically
trained in TS and related disorders and in the standardized administration and scoring of the
TICS inventory. Additionally, interviewers were asked to provide narrative information
documenting their observations of psychiatric symptoms.

2.2 Assessments

2.2.1 The TIQue—The TIQue (Egan et al., 2012) is a web-based screen and assessment
tool adapted from the comprehensive diagnostic Tourette Syndrome Association
International Consortium for Genetics (TSAICG) TICS Inventory (Tourette Syndrome
Association International Consortium for Genetics, 2007). The TIQue collects demographic,
medical history and disorder-specific symptom information corresponding to the diagnoses
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of TS, OCD and ADHD. The TIQue also asks participants whether they had been previously
diagnosed with TS, OCD, or ADHD by a clinician.

2.2.1.1: The Tic section of the TIQue is comprised of a checklist of tic symptoms grouped
into 12 categories of simple and complex motor tics and 6 categories of simple and complex
phonic tics. Each category contains examples of several related tics. For example, the Eye
Movements category includes eye blinking, squinting, eye rolling, or opening eyes wide
briefly, looking surprised or quizzical, looking to one side for a brief period of time.
Respondents indicated their lifetime experience of each tic category (i.e., whether the tics
occurred in the past month, sometime in the past, or never). Subsequent questions assessed
the participant’s age at tic onset, duration of tics, and characteristics such as suppressibility,
premonitory urges, and fluctuating severity and course.

2.2.1.2: The TIQue OCD symptom checklist is based on the Florida Obsessive Compulsive
Inventory (FOCI; Storch et al., 2007) and includes 10 obsessions and 10 compulsions that
participants rated for lifetime occurrence (i.e., current, past, never). Severity ratings for time,
distress, control, avoidance and interference for both current and worst ever periods were
also collected. These dimensions were rated on the 5 point scale adapted from the Yale
Brown Obsessive-Compulsive Scale ratings (Goodman et al., 1989), generally
corresponding to “0-none”, “1-mild”, “2-moderate”, “3-severe” and “4-extreme”.

2.2.1.3: The ADHD section was adapted from the Swanson, Nolan, and Pelham
Questionnaire (SNAP-1V; Swanson et al., 1992) and consists of 10 inattentive and 10
hyperactive-impulsive symptoms (e.g., “often had difficulty sustaining attention in tasks or
play activities”). ADHD symptoms were rated on a 4 point scale, depending on how
frequently they occurred as a child, corresponding to “0-not at all” to “3-very much”.
Information on age of symptom onset, interference and impairment were also collected.

2.2.1.4: Although TIQue data can be used in many ways (e.g., to examine number of tics,
severity of OCD symptoms, etc), the aim of the current study was to assess the reliability of
categorical TS, OCD, and ADHD diagnoses in relation to diagnoses assigned using the
current gold standard (see description in 2.3). We thus developed algorithms using the
TIQue responses to assign diagnoses based on DSM-IV criteria for TS, OCD, and ADHD.

In order to determine lifetime TS diagnoses, past and current responses were combined. As
multiple tics were contained within each category, a TS diagnosis was assigned if a
participant endorsed at least one category of motor tics and one of phonic tics, tic onset
before 18, and duration of tics for at least one year.

To meet criteria for an OCD diagnosis, a participant had to endorse a minimum of either
moderate time (>1 hour per day) spent on obsessions or compulsions with some reported
distress or interference, or at least moderate interference or distress caused by these
symptoms. The number of obsessive compulsive symptoms needed to maximize the
reliability of the OCD screen was explored statistically as subsequently described. If no
symptoms were endorsed, severity was set to “none”.
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A diagnosis of ADHD was assigned if participants endorsed at least 6 inattentive or
hyperactive symptoms, with age of onset before 7 and impairment across at least two
domains. If a participant endorsed interference with daily life at school as well as difficulties
at school, this was considered impairment in only one domain. If no symptoms were
endorsed, interference and impairment items were set to “none”.

2.2.2. TSAICG Tic and Comorbid Symptom Inventory (TICS; Tourette
Syndrome Association International Consortium for Genetics, 2007)—The
TICS Inventory was used by trained clinicians, as described above, to conduct clinical
interviews. The TICS Inventory is a semi-structured diagnostic interview originally
developed by the TSAICG for ongoing genetic studies of TS. Previous psychometric
evaluations of an earlier version of the TICS Inventory demonstrated excellent inter-rater
reliability and validity based on comparisons with expert clinician ratings (Leckman et al.,
1993; Pauls et al., 1995). The current version of the TICS Inventory includes a
demographics section, the diagnostic assessments of tics, OCD, ADHD, and grooming
disorders, a medication checklist and prenatal, perinatal and early developmental history.
Both child and adult versions of the interview are available. Only the tic, OCD, and ADHD
sections (described below) were used for the current study. For all symptoms described in
the following sections, clinicians were asked to rate the likelihood that the endorsed
symptoms were actual symptoms of the respective disorders on a scale of 0 (not likely to be
a real symptom) to 3 (definitely a real symptom).

The tic section of the TICS Inventory is comprised of 62 specific motor tics (e.g., rolling of
eyes to one side) and 24 specific phonic/vocal tics (e.g., coughing), some of which are
derived from the Yale Global Tic Severity Scale (YGTSS; Leckman et al., 1989). Each tic
symptom is rated on lifetime occurrence (i.e., past week, past 6 months, ever, or never).
Interviewers also rated whether tics were observed or were based on historical report only,
and whether they were simple or complex. The severity assessment for current and worst
ever periods for motor and phonic tics is based on the severity items from the YGTSS (i.e.,
number, frequency, intensity, complexity, impairment and interference). Moreover, age of
onset of first tics, age at worst ever period, and diagnostic and treatment history were also
collected.

The OCD assessment in the TICS Inventory consists of 47 compulsive behaviors (e.g., Do
you have excessive or ritualized hand washing?) and 61 obsessive symptoms (e.g., Do you
fear that you might harm other people?) that are rated using the same lifetime occurrence
criteria as in the tic assessment. The OCD checklist is followed by severity ratings
corresponding to those in the Yale-Brown Obsessive Compulsive Scale (YBOCS; Goodman
et al., 1989), separately evaluating severity of obsessions and compulsions and also current
and worst ever periods. Using the same 5-point scoring as the YBOCS, obsessive and
compulsive symptoms are rated in terms of time, interference, distress, resistance and
control. Similar to the tic assessment, information on age at symptom onset and at worst
ever period as well as diagnostic and treatment information are also gathered.

Psychiatry Res. Author manuscript; available in PMC 2016 August 30.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Darrow et al.

Page 7

The ADHD section is identical to the ADHD section of the TIQue, with the addition of
questions about medication use for ADHD and a narrative section for the clinician to
describe the ADHD symptoms and their functional impact.

2.3 Best estimate procedure

A best estimate procedure using all available clinical information was used to assign clinical
diagnoses from the in-depth interviews against which the TIQue was validated. (Leckman et
al., 1982) Using a web-based process developed by the TSAICG (McMahon et al., 2006),
best estimators (clinicians with expertise in TS who did not conduct the interviews)
reviewed electronic copies of participants’ responses to the TICS inventory and any
interviewer notes, and assigned diagnoses for TS, chronic motor or vocal tic disorder
(CMVT), tic disorder not otherwise specified (TD NOS), OCD, subclinical OCD, ADHD,
and ADHD NOS using criteria based on the DSM-1V (see Table 1).

Best estimators gave a rating of “not present”, “probable” or “definite” for each lifetime
diagnosis, age of onset of each disorder and an indication of whether the individual met
diagnostic criteria at the time of the interview (current vs. no longer present). A diagnosis
was coded as “probable” if the full criteria were not quite met but the overall information
included in the chart suggested that the individual likely met criteria. For example, ADHD
inattentive subtype would be coded as “probable” if the individual met impairment and age
of onset criteria but endorsed only 5 inattentive symptoms. Only one best estimate was
conducted initially. If all diagnoses were assigned either “not present” or met threshold
criteria for definite TS, OCD, and ADHD, no second rater was assigned. If any of the TS,
OCD or ADHD diagnoses were rated as “probable” or “unable to code” or if any rating
other than “not present” was given for CMVTD, TD NOS, subclinical OCD or ADHD NOS,
a second best estimator was assigned. Discrepancies were identified and discussed until a
consensus was reached.

2.4 Statistical analyses

All analyses were conducted in SPSS version 19. Descriptive statistics were used to
compare the subsample that completed clinical interviews to those who did not. For the
purposes of the analyses, “probable” and “definite” BE diagnoses were collapsed into one
category.

For TS diagnoses, we examined the agreement between a best estimate diagnosis of TS and
whether an individual reported a previous TS diagnosis by a clinician as well as whether an
individual met criteria for TS based on the TIQue TS items (we could not analyze kappa for
TS diagnoses because individuals unaffected by TS were not actively recruited). For OCD
and ADHD, Cohen’s kappa (Cohen, 1960) was used to examine the agreement on diagnostic
status using best estimate diagnoses as the gold standard and various criteria from the TIQue
OCD and ADHD sections, including whether an individual reported a previous OCD or
ADHD diagnosis by a clinician. Additional kappas were calculated to examine whether
excluding certain information from the TIQue changed diagnostic agreement with BE data.
For example, in the OCD analyses, TIQue diagnostic status was determined using different
symptom endorsement cut-offs (i.e., one symptom endorsed plus severity criteria met, two
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symptoms endorsed plus severity criteria met, etc.); similar analyses were conducted for
ADHD. Kappas were interpreted based on standard criteria (Landis and Koch, 1977): 0.0—
0.2 slight, 0.21-0.4 fair, 0.41-0.6 moderate, 0.61-0.8 substantial, 0.81-1.0 almost perfect.

Finally, ROC curves were plotted to evaluate the diagnostic performance of the web-based
quantitative OCD severity and ADHD symptom scores using the best estimate diagnostic
status as the gold standard; the non-parametric method was used to estimate the area under
the curve (AUC). As explained above, the TIQue OCD and ADHD items were adapted from
the FOCI and SNAP, respectively; these were developed as continuous measures that
employ cut-off scores to determine diagnostic status. Thus, we were able to compare the
performance of the TIQue data employed in algorithms based on DSM-IV diagnoses versus
use as continuous measures of symptom severity.

3.1 Sample Descriptive Statistics

Descriptive data for the total sample and the validation subsample appear in Table 2.
Compared to those not asked to complete the clinical interview, those included in the
validation subsample were slightly older but did not significantly differ with regard to sex,
ethnicity, or race. Using the gold standard best estimate (BE) diagnostic procedure 249
(96.9%) of the 257 participants in the validation sample were assigned a TS diagnosis, 148
(57.6%) had an OCD diagnosis, and 99 (38.5%) had an ADHD diagnosis. Of those with
ADHD, twenty-five individuals (25.3%) were given an ADHD inattentive type diagnosis, 9
(9.1%) had an ADHD hyperactive-compulsive subtype diagnosis, and 65 (65.6%) had an
ADHD combined subtype diagnosis.

3.2 Agreement between best estimate TS diagnosis and TS clinician diagnosis or TIQue
derived TS diagnosis

The concordance between a previous TS diagnosis from a clinician and the best estimate
diagnosis was 87.9%. Seven of the discordant individuals had previously been diagnosed by
a clinician but were not given a TS diagnosis by best estimators. Twenty-four had not
previously received a TS diagnosis from a clinician but were given a TS diagnosis by best
estimators.

The rate of concordance between the TIQue diagnostic criteria and the best estimate
diagnosis was 91.3%. Five individuals were excluded because they were missing age of
onset information on the TIQue (total available n=252). There was one false positive; this
individual met TIQue criteria but was assigned tic disorder NOS by best estimates. There
were 21 false negatives (given TS diagnosis by best estimators but did not meet TIQue
criteria): twelve did not endorse any phonic tics, three reported age of onset after 18 and six
reported tic duration as less than one year on the TIQue.

3.3 Reliability of OCD clinician diagnosis and TIQue derived OCD diagnosis

Thirty-nine participants were missing OCD data (two missing best estimate data, one
missing all TIQue OCD symptoms and severity data, and 36 missing TIQue OCD severity
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data) and, thus were excluded from reliability analyses (total available n = 218). Kappa
statistics were used to compare best estimate OCD diagnoses to 1) OCD diagnosis by a
clinician and 2) different thresholds for the number of TIQue symptom items endorsed plus
the severity criterion. Kappas and corresponding rates of sensitivity, specificity, and other
predictive values appear in Table 3.

Of the various diagnostic definitions in Table 3, requirement of four endorsed obsessive-
compulsive symptoms (OCS) as well as severity criteria on the TIQue performed optimally.
Although requiring a four OCS and a five OCS threshold both resulted in similarly high
kappas (.63), the four symptom cut-off had a better balance of sensitivity (83.7%) and
specificity (79.5%). Thus, a four symptom criterion was used to further examine the
discrepancies between diagnoses based on the TIQue and those derived from best estimates.

Meeting severity criteria and endorsing at least four OCS resulted in 17 false positives and
22 false negatives (Table 3). Of the 17 false positives, best estimators gave seven individuals
subclinical OCD diagnoses and determined that six individuals endorsed some OCS but did
not meet time or impairment criteria. For one participant who endorsed OCS (but denied
time, distress or impairment), the notes stated that the interviewer believed the reported
symptoms were explained better by a different diagnosis (e.g., generalized anxiety disorder).
For another, the notes stated that the endorsed symptoms were “not problematic.”

The TIQue data for the 22 false negatives showed that 12 did not meet severity criteria, nine
reported only 2-3 OCS, and one endorsed only one OCS. However, these individuals
reported symptoms of sufficient severity during the clinical interview to be assigned a best
estimate OCD diagnosis.

In order to examine whether reliability would be improved if the severity criteria was less
strict, additional kappas were calculated 1) by lowering the required severity threshold (i.e.,
endorsed at least mild severity), 2) by comparing TIQue OCD diagnoses to best estimate
diagnoses where OCD and OCD subclinical categories were collapsed, and 3) by
considering “probable” and “definite” BE diagnoses separately. However, all of these
resulted in lower kappas and are therefore not reported.

3.4 Sensitivity and Specificity of TIQue OCD total severity scores

The ROC curve for the OCD severity items scored as a quantitative scale was also examined
(see Figure 1). Scaled scores were calculated separately for current and worst ever TIQue
severity items and compared to best estimate OCD diagnoses. This resulted in a fair AUC
(Current: .76, Cl =.72-.80, p < .001; Worst ever: .79, Cl =.76-.82, p <.001). However,
sensitivity and specificity data did not point to an obvious cut-off score that optimally
balanced rates of false positives and false negatives (see Table 4).

3.5 Reliability of ADHD clinician diagnosis and TIQue ADHD derived diagnosis

Five cases were missing all best estimate ADHD data and two were missing ADHD-
inattentive data. Regarding TIQue data, one case was missing all ADHD data and 45 were
missing age of onset data. Thus, the number of cases included in reliability analyses for
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ADHD varied based on the criterion used (n ranged from 204 to 249). Kappas and
corresponding rates are reported in Table 5.

Information regarding ADHD subtype for self-reported clinician diagnoses was not
available; therefore, any subtype of ADHD coded by best estimators was compared to
ADHD diagnosis by a clinician. The results demonstrate that a past diagnosis by a clinician
may be useful in screening for ADHD in a TS population; kappa was in the moderate range
(0.51). However, kappas were improved when TIQue diagnostic items were used instead
(Table 5).

Regarding the TIQue ADHD diagnoses, the highest kappa for the different ADHD subtypes
was for ADHD-combined. Twenty-five percent of the sample had an ADHD-combined
diagnosis; kappa comparing TIQue and BE for this subtype was in the moderate range (.56).
Rates of inattentive and hyperactive/impulsive subtypes were low (<10% of sample). As a
result, kappas for these subtypes were also low (.36 and .35 respectively). In examining the
false positives and false negatives, many discrepancies were in regard to subtype (i.e., a
participant’s TIQue data indicated he met criteria for ADHD-inattentive but was assigned
ADHD-hyperactive by best estimators). For this reason, the remaining analyses did not
make a distinction between the subtypes but, rather, looked at the criteria for meeting any
subtype of ADHD.

The kappa for the comparison of TIQue ADHD diagnosis to BE ADHD diagnosis was in the
substantial range (.69). Of the four false positives, two were given ADHD NOS by best
estimators because they endorsed age of onset at 10. Of the 25 false negatives, four did not
meet the impairment criteria, ten did not meet the age of onset criteria, two did not meet
either age or impairment criteria on the TIQue. Of those that met the TIQue age and
impairment criteria, one did not endorse symptoms, two endorsed three symptoms, one
endorsed four symptoms, three endorsed five symptoms for either hyperactive or inattentive
subtypes.

Reliability was slightly increased and an improved balance between false positives and false
negatives was obtained by excluding the impairment criterion (Table 5).

3.7 Sensitivity and Specificity of TIQue ADHD symptoms

The ROC curve of the TIQue ADHD symptom quantitative score was also examined (Figure
2). The total scale score was compared to BE ADHD diagnosis. This resulted in a good
AUC (.90, ci = .86-.94, p <.001). Unlike the OCD analyses, we were able to identify an
appropriate cutoff to quantify scores for ADHD. Choosing a cutoff of 24.5 appeared to
result in an acceptable balance between sensitivity (81% true positives) and specificity (16%
false positives; see Table 6).

4. Discussion

This study confirms the utility of the TIQue for remote, web-based screening of tic
disorders, OCD, and ADHD. The results of the current analyses demonstrated a high level of
agreement (91.3%) between the TIQue-derived and best estimate TS diagnoses. Thus, online
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phenotyping for TS can be effective and reliable, at least for individuals who self-identify as
having a tic disorder.

Our data also support the reliability of the TIQue for assessing OCD. The original FOCI,
from which our screen was derived, was designed as a self-report measure (Storch et al.,
2007) and is available on many OCD related websites. The FOCI has moderate correlation
with Yale Brown Obsessive Compulsive Scale (YBOCS) obsessive, compulsive, and total
severity scores (correlations = 0.71 to 0.87) (Storch et al., 2007). However, to our
knowledge, the FOCI has not been validated against the current gold standard, an OCD
diagnosis obtained by clinician-administered, structured interview. Similarly, the best use of
the FOCI questions to assign OCD diagnoses with maximum reliability has not been
previously examined. While we did not find the traditional scoring of the FOCI using the
severity measure to be optimal for assigning OCD diagnoses in our sample, we were able to
create an algorithm, which included the presence of four or more OCD symptoms plus the
traditional severity criteria, that had a correct classification rate of 82%, indicating that it is
an appropriate alternative to an in-depth clinical interview. While the DSM does not require
a specific number of OCS necessary to meet diagnostic criteria, our data indicated that
individuals who endorsed only a few OCS on the TIQue typically did not meet full DSM-1V
diagnostic criteria. This may be because the TIQue does not describe the ego dystonicity that
is characteristic of OCS. Adding such a description to the questionnaire to further specify
what experiences individuals should consider when reporting symptoms may improve its
reliability. This could also affect the number of symptoms needed to have a reliable TIQue
derived OCD diagnosis.

As with OCD, we used a previously published instrument in common use for ADHD
screening (SNAP-1V), and modified it to fit the project needs. Using DSM-IV derived
TIQue criteria rather than a dimensional measure of ADHD symptom items led to much
better specificity (categorical TIQue-derived diagnoses had a 3% false positive rate, while
the dimensional symptom count criteria had a 16% false positive rate). However, the
sensitivity of the dimensional score was much better than the categorical diagnostic criteria
(81% and 69% true positive, respectively).

We argue that use of the ADHD portion of the TIQue is likely to be the most effective when
our algorithm, based on DSM-IV criteria, is used. This is because the DSM-IV ADHD
symptom criteria can be implemented across samples without difficulty, while the
appropriate cutoff derived from the quantitative score is likely to change from sample to
sample, based on other characteristics (e.g., gender, age, ethnicity, and co-occurring
conditions). However, the predictive power of the TIQue ADHD section may also be
improved by requiring individuals to respond to the age of onset item, as much of the
missing data related to age of onset. Future revisions of the TIQue might also change the
way in which this question is asked; the current form asks if symptom onset occurred before
age 7, which did not allow us to examine how the TIQue performs when considering the
new age of onset criteria (onset before age 12) in DSM-5 (2013). Additionally, exploring
different ways to ask about the impairment criterion may be warranted since excluding this
criterion slightly improved the reliability of the TIQue data. Excluding the severity criteria is
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not an optimal solution as there is already concern regarding the potential over-diagnosis of
ADHD.

The results comparing clinician diagnoses to best estimate diagnoses were also of interest.
Many large, population-based studies rely on clinician-assigned diagnoses (e.g., ICD codes
in a health registry database) to identify eligible participants. We were able to examine the
effectiveness of clinician-assigned diagnoses in this study, as the TIQue asked participants
whether they had previously been given a TS, OCD, or ADHD diagnosis. There was a high
rate of agreement between a clinician diagnosis and best estimate diagnosis for TS, OCD
and ADHD. However, the appropriateness of using reported clinician-assigned diagnosis
rather than direct assessment depends on the study design. For those studies where false
positives are of concern but false negatives are not, our data suggests that using clinician
diagnoses is an acceptable methodological decision. For example, for OCD and ADHD,
rates of false positives were no more than 15%. However, the rates of false negatives using
clinician assigned diagnoses were much higher, and the reliability of the TIQue-derived
diagnoses for OCD and ADHD showed a substantial improvement over clinician-assigned
diagnoses. Thus, if false negatives are of concern in a particular study design, a web-based
assessment that asks about specific criteria, such as the TIQue, should be considered.

4.1 Limitations

The primary limitation of this study is generalizability of the current findings to other
samples. This research was conducted as part of a larger genetic study and recruitment
targeted individuals with TS who were interested in TS related research. For this reason, the
vast majority of our participants had TS, precluding reliability analyses for TS diagnoses.
Future studies will need to examine the reliability of TS diagnoses using the TIQue in a
general sample. In addition, the results of the reliability analyses for OCD and ADHD may
not be generalizable beyond a sample of individuals with TS. Although participants were not
selected on OCD or ADHD status, both of these disorders are more prevalent in TS samples
than in the general population. Future research will need to examine the TIQue’s
performance in mental health treatment seeking populations or the general population in
order to support the utility of the TIQue more broadly. However, the potential to expand the
reach of research to underserved geographical regions and increase the efficiency and ability
to study TS in the future is encouraging.
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Figure 1.
Receiver operator curve (ROC) analysis of TIQue OCD severity score
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Figure 2.
Receiver operator curve (ROC) analysis of TIQue ADHD symptoms score
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Table 1

Best estimate (BE) diagnostic criteria

Diagnosis

Criteria

TS

At least 2 motor tics and 1 phonic tic endorsed, tics have occurred for at least 1 year, and age of onset prior to 18

Tic disorder NOS

At least 2 motor tics and 1 phonic tic endorsed, tics have occurred for at least 1 year, age of onset after 18

OCD

Symptoms endorsed occur for:

=1 hour AND (distress = mild OR interference = mild)

OR

<1 hour AND (distress = moderate OR interference = moderate)

OCD subclinical

Symptoms endorsed occur for < 1 hour or distress = mild AND/OR interference = mild

ADHD 6 inattentive OR 6 hyperactive symptoms endorsed
Age onset before 7
Impairment present in at least 3 settings
ADHD NOS Meets symptom & impairment criteria, age of onset 7-13yo

OR
Current symptoms don’t meet full criteria and unclear whether criteria have previously been met

Psychiatry Res. Author manuscript; available in PMC 2016 August 30.



Page 20

Darrow et al.

"Buissiw paJapISU0d Sem , paiodal J0N,, “JU10 SNSIaA BHYA Ppue dluedsiH-UON SnsIaA oluedsiH olul pasde||od a1am salioBaled ‘satouanbaly moj 01 ana,

67 or g z 8T ra4 panodal 10N
8L G9T 8L (14 8L g8t a|dninN
€88 09871 1'68 62¢ 7’88 680C ueiseaned Jo SNYM
T € 0 T € Japue|s| o1419ed J3YlQ J0 UeliemeH aAITeN
8 LT I T 8 8T UedLIBWY URJLIY 10 oe|g
6 6T 67 S 0T 4 ueIsyY
16 e (M eto T z 0 T 2z BAIEN US|V 40 UBIPU| UBILIBWY
aoey
v 8 2 € g T panodal 10N
G526 86T 8'€6 e 926 6812 oluedsiH-UON
€z e(T) Sv'T TL 08T T €1 69 €91 oluedsiH
Aouyga
e ™28 6'.9 TEVT 8'0L 281 €89 €197 aleN
(p) X % 4 % 4
700'S  (Y9°TTE) vEY 90'9T o'z 6€LT €82 8291 v6'€2 aby
d (p)1 as W as W as W

(90TZ = U) UomEpIfeA U PapN[OUl 10N

(262 = u) s|dwesgns uonyepijeA

(£9€Z = u) ajdwes [e10

Author Manuscript

¢ ?olgel

Author Manuscript

"3]dwesgns uonepijeA pue ajduies [8101 J0J saNsels aAndiIosaq

Author Manuscript

Author Manuscript

Psychiatry Res. Author manuscript; available in PMC 2016 August 30.



Page 21

Darrow et al.

sisAJeue siy) 1oy 982 = u,

1R UOIIRDILISSE[D 1031100 = ¥DD ‘81ed UONBOILISSEIISIW=Y A ‘anfeA aanaipaid aalebau = AdN ‘anfea aAndipaid aamsod=Add ‘A1o1y10ads=ds ‘ANANISUSS=aS :SUONRIABIGQY

68. TT¢ ¥99 v¢6 v06 6T. TOO0> SO0 890 Aianss 7 swoydwAs o0 9
L78 €8T §0L 0¢6 <¢68 0Z2. 71000> S00 €90 Aanes 7 swoydwAs do0 §
7¢8 61T 09, 698 G6L L€ TO00> SO0 €9°0 Aiienss % swordwAs o0 ¥
7¢8 61T SLL. 8v8 Lv.L L98 T0O00> 900 290 Aianss 7 swoydwAs o0 €
T¢8 61T ¥18 ¥¢8 L899 ¥06 T1000> 900 190 Aanes 7 swoydwAs a0 g
L'18 €8T T1¢8 G1I8 €99 T7T16 TO00> 900 090 Aanss 7@ woldwAs doo T
L9, €€ ¢l9 898 49v¥8 <¢T. TO00> SO0 50 gUeRIUIP Aq pasoufelq
400 dW AdN Add ds  8S d 35 eddey

sisouBelp 00 39 03 patedwiod sisoubelp D0 andI L 404 elep Anjigel|ay
€ a|qel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Psychiatry Res. Author manuscript; available in PMC 2016 August 30.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Darrow et al.

Sensitivity and 1 - Specificity rates for TIQue OCD severity scores

Table 4

Severity Cutoff Score  Sensitivity

1 - Specificity = Correct Classification Rate

Current

Worst

0.5
15
25
35
4.5
55
6.5
7.5
8.5
9.5
10.5
115
125
135
145
16
18.5
0.5
15
2.5
35
45
55
6.5
7.5
8.5
9.5
10.5
115
12.5
135
145
15.5
16.5
175
18.5
19.5

0.96
0.91
0.83
0.71
0.64
0.58
0.50
0.39
0.30
0.24
0.22
0.15
0.09
0.05
0.02
0.01
0.01
0.97
0.97
0.95
0.93
0.89
0.85
0.83
0.77
0.72
0.66
0.58
0.50
0.46
0.42
0.35
0.30
0.25
0.15
0.11
0.09

0.76
0.62
0.48
0.38
0.29
0.25
0.14
0.06
0.05
0.03
0.03
0.02
0.02
0.02
0.02
0.00
0.00
0.86
0.83
0.76
0.67
0.56
0.44
0.37
0.32
0.27
0.22
0.19
0.11
0.10
0.06
0.05
0.05
0.03
0.03
0.00
0.00

0.75
0.75
0.74
0.68
0.67
0.63
0.61
0.55
0.50
0.46
0.44
0.40
0.35
0.33
0.31
0.31
0.30
0.73
0.74
0.74
0.75
0.76
0.76
0.77
0.75
0.72
0.70
0.65
0.61
0.59
0.57
0.53
0.49
0.46
0.40
0.37
0.36

Psychiatry Res. Author manuscript; available in PMC 2016 August 30.

Page 22



Page 23

Darrow et al.

vZ=U
6v¢ b

lEC= co
=u

90¢ q

¥0C = cm

a]eJ UOIIRIIYISSRIO 1981100 = YD ‘alel UoIRIIISSRIISIW=YIA ‘@njen aAndipaid aanebau = AdN ‘anjen aanadipaid aanisod=Add ‘ANo1419ads=ds ‘ANARISUSS=9S :SUOIIRINBIGQY

€98 L¥T  L98 678 68 88L T1000> S00 690 0@ SXSvAuVaHAv
898 Z¥l zS8 0U8 126 0G. 1000> 500 690  eSwodwAsyAuy aHav
€98 L€1 S8 T.8 126 €9, 1000> 500 10  elPR®SXsSAuvaHav
898 ¥l Z¥8 68 Y6 G2 1000> 500 690  eSwWodwAssAuy aHav
Iv8  €ST  [/8 908 G98 ¢Z2Z8 T000> SO0 890 p $xs Auv aHav
178 €1 6€8 608 8.8 G 1000> S00 poo  p'edwt®sxsAuy aHav
898 €T ¥¥8 T2 096 Gz, 7T000> SO0 TLO 30e B sxs Auy aHav
898 ¥l 878 €6 896 889 T000> SO0 690 g2dAigns Auy aHav
adAigns Auy dHQV Jo 3g 01 pasedwo)
068 0ST +98 8. 8Y6 8SG T000> L00 950 q Peulquiod-aHAY
pauIgqWod-aHAY 4o 39 01 pasedwo)d
L'S6 €9 ¥.6 €88 6G6 vy T000> ¥I0  SEO q 4edAy-aHav
annoeladAy-aHAY Jo 3g 03 pasedwo)d
Z16 88 €€ G¥S €16 9Te 7T000> 2I0 9£0  UohusREU-QHAY
aANURNEUI-QHAY 0 39 0} pasedwo)
89, 7€ 6L. LY. TS 9¥9 T000> 900 IS0 QUEIdIUIR Aq pesoufelq
adAigns Auy aHQAV 4o 3g 01 pasedwo)
400 dAN AdN Add ds  8S d 35 eddey
sisoubelp dHAV anOIL 4o} erep Aujigerjay
G 9|gel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Psychiatry Res. Author manuscript; available in PMC 2016 August 30.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Darrow et al.

Sensitivity and 1-Specificity rates for ADHD TI1Que symptoms score

Table 6

ADHD Cutoff Score  Sensitivity  1-Specificity = Correct Classification Rate
0.5 1 0.93 0.45
15 0.99 0.86 0.49
25 0.98 0.81 0.51
35 0.98 0.75 0.55
4.5 0.98 0.68 0.59
55 0.98 0.66 0.60
6.5 0.98 0.65 0.61
7.5 0.98 0.60 0.63
85 0.98 0.56 0.66
9.5 0.97 0.56 0.65
10.5 0.97 0.51 0.69
115 0.97 0.48 0.70
125 0.97 0.45 0.72
135 0.96 0.40 0.75
145 0.96 0.37 0.76
155 0.94 0.35 0.77
16.5 0.94 0.30 0.80
175 0.91 0.30 0.79
18.5 0.89 0.28 0.79
19.5 0.89 0.25 0.81
20.5 0.88 0.23 0.82
215 0.86 0.21 0.82
225 0.85 0.20 0.82
235 0.84 0.19 0.82
245 0.81 0.16 0.83
255 0.79 0.15 0.83
26.5 0.76 0.12 0.84
275 0.76 0.10 0.85
28.5 0.73 0.09 0.84
29.5 0.71 0.08 0.84
30.5 0.66 0.08 0.82
315 0.65 0.07 0.82
325 0.59 0.07 0.80
335 0.55 0.06 0.78
345 0.51 0.05 0.77
36 0.50 0.05 0.76
375 0.49 0.05 0.76
385 0.45 0.05 0.74
39.5 0.44 0.03 0.75
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ADHD Cutoff Score  Sensitivity  1-Specificity = Correct Classification Rate
40.5 0.42 0.02 0.75
415 0.40 0.01 0.75
425 0.39 0.01 0.74
435 0.34 0.01 0.72
445 0.31 0.01 0.71
455 0.26 0.01 0.69
46.5 0.25 0.01 0.69
475 0.23 0.01 0.68
48.5 0.21 0.01 0.67
50.0 0.15 0.01 0.65
51.5 0.14 0.01 0.65
525 0.12 0.01 0.63
53.5 0.10 0.01 0.63
545 0.09 0.01 0.63
55.5 0.07 0.01 0.62
56.5 0.05 0.00 0.61
57.5 0.04 0.00 0.61
58.5 0.03 0.00 0.61
59.5 0.02 0.00 0.60
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