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Abstract

Background: Current pharmacological treatments for Tourette Syndrome (TS), such as antipsychotic agents and «-2 ago-
nists, are moderately effective in the treatment of tics, but have substantial side effects that limit their use. N-acetylcysteine
(NAC) modulates glutamatergic systems, and has been used safely as an antioxidant agent with minimal side effects for
decades. NAC has been increasingly studied for the treatment of other obsessive-compulsive spectrum disorders. We aim to
examine the efficacy of NAC for the treatment of pediatric TS in a double-blind, placebo-controlled, add-on study.
Methods: Thirty-one children and adolescents 8—17 years of age with TS were randomly assigned to receive NAC or
matching placebo for 12 weeks. Our primary outcome was change in severity of tics as measured by the Yale Global Tic
Severity Scale (YGTSS), Total tic score. Secondary measures assessed comorbid obsessive-compulsive disorder (OCD),
depression, anxiety, and attention-deficit/hyperactivity disorder (ADHD). Linear mixed models in SAS were used to examine
differences between NAC and placebo.

Results: Of 31 randomized subjects, 14 were assigned to placebo (two females; 11.5 4 2.8 years) and 17 to active NAC (five
females; 12.4 + 1.4 years) treatment. No significant difference between NAC and placebo was found in reducing tic severity or
any secondary outcomes.

Conclusions: We found no evidence for efficacy of NAC in treating tic symptoms. Our findings stand in contrast to studies
suggesting benefits of NAC in the treatment of other obsessive-compulsive spectrum disorders in adults, including OCD and
trichotillomania, but are similar to a recent placebo-controlled trial of pediatric trichotillomania that found no benefit of NAC.

Introduction

TOURETTE SyNDROME (TS) 1s a childhood-onset neuropsychi-
atric disorder characterized by chronic motor and vocal tics
that are often preceded by premonitory urges (Leckman et al.
2013). Once thought to be rare, the current lifetime prevalence
estimates for TS range from 0.1% to 1.0% (Robertson et al. 2000;
Leckman et al. 2013). In one half to two thirds of cases, tic
symptoms improve during adolescence; however, the most severe
cases of TS continue into adulthood (Bloch et al. 2006). Although
there are currently several effective behavioral (McGuire et al.

2014) and pharmacological (Roessner et al. 2011) treatments for
TS, one third of patients with TS do not actually benefit from these
first-line treatments (Roessner and Rothenberger 2013). Ad-
ditionally, several of the most effective medications used to treat
tics have significant side effects (Robertson et al. 2000; Roessner
and Rothenberger 2013).

Antipsychotic agents, which are primarily D2-receptor antagonists,
are the most effective treatment currently available for TS (Weisman
et al. 2013). Randomized, double-blind, placebo-controlled trials
(RCT) estimate that antipsychotic agents reduce tic severity on aver-
age by 20-30% compared with placebo (Dion et al. 2002; Scahill et al.
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2003). Nevertheless, these medications have significant side effects,
including weight gain, sedation, extrapyramidal effects, depression,
and anxiety (Robertson et al. 2000; Roessner and Rothenberger 2013).
Alpha-2 agonists reduce tic severity by 5-30% on average compared
with placebo in RCT (Scahill et al. 2001), and are often used as first-
line treatments in TS because of their milder side effect profile and
efficacy in treating comorbid attention-deficit/hyperactivity disorder
(ADHD) symptoms (Bloch et al. 2009). Still, «-2 agonists are asso-
ciated with sedation, dry mouth, hypotension, and rebound hyper-
tension with discontinuation (Minns et al. 2010). Moreover, several
behavioral treatments have shown promise in reducing tic severity in
TS (McGuire et al. 2014). Even if efficacious, however, the dissem-
ination of these therapies remains a challenge. In this context,
novel and safe pharmacological treatments to reduce tics are urgently
needed.

N-acetylcysteine (NAC) is a naturally occurring, safe, and in-
expensive amino acid supplement that is available over the counter
and has been widely used because of its recognized antioxidant
and anti-inflammatory properties (Cotgreave 1997; De Rosa et al.
2000; Sommer et al. 2014). NAC is also a demonstrated glutamate
modulating agent. NAC is converted to cystine, a substrate for the
glutamate/cystine antiporter located on glial cells. The uptake of
cystine by glia causes glial release of glutamate into the extra
synaptic space, where it appears to stimulate inhibitory metabo-
tropic glutamate receptors on glutamatergic nerve terminals, and
thereby reduces the synaptic release of glutamate (Moran et al.
2005). The glutamatergic system has been strongly implicated in
the pathogenesis of TS in several neuroimaging (Plessen et al.
2004; DeVito et al. 2005), brain tissue (Anderson et al. 1992), and
genetic (Adamczyk et al. 2011; Crane et al. 2011) studies.

Previous trials have suggested that NAC is a safe and potentially
effective treatment for a variety of psychiatric conditions including
schizophrenia (Berk et al. 2008b), bipolar depression (Berk et al.
2008a), cannabis dependence (Gray et al 2012), and autism
(Hardan et al. 2012). Several trials have also suggested that NAC is
well tolerated in pediatric populations (Hardan et al. 2012; Bloch
et al. 2013). Additionally, NAC has been demonstrated to be ef-
fective as an augmentation agent to selective-serotonin reuptake
inhibitors (SSRIs) in a double-blind, placebo-controlled trial in
adult patients with refractory obsessive-compulsive disorder
(OCD) (Afshar et al. 2012). Furthermore, a single RCT suggested
that NAC may also be effective for adults with trichotillomania
(TTM) (Grant et al. 2009). The benefits of NAC for TTM in the
pediatric population, however, were not replicated (Bloch et al.
2013).

The benefits of NAC for OCD and TTM in previous clinical
trials led us to examine NAC’s effectiveness in TS patients for
several reasons. First, TS, TTM, and OCD present with similar
phenotypes (e.g., presence of premonitory urges and motor disin-
hibition), and these disorders are considered part of the obsessive-
compulsive (OC) spectrum (McElroy et al. 1994). Second, TS,
TTM, and OCD share similar neurobiological abnormalities (e.g.,
basal ganglia and corticostriatal thalamocortical circuits) (Cham-
berlain et al. 2009; van Velzen et al. 2014) and genetic (e.g., fa-
milial aggregation, common candidate genes) aspects (Bienvenu
et al. 2009; Ferrao et al. 2009). Finally, TS, TTM, and OCD present
similar responses to treatment with glutamate- and dopamine-
modulating agents and specific behavioral treatments (Bloch et al.
2007; Chamberlain et al. 2009; Wetterneck et al. 2010). We con-
ducted a 12 week, double-blind, placebo-controlled, randomized,
add-on trial to examine the efficacy of NAC in treating children and
adolescents with TS.
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Methods
Participants

Children and adolescents 8-17 years of age, with a primary
diagnosis of TS or chronic tic disorder and current Yale Global Tic
Severity Scale (YGTSS) score 222, were recruited through a ter-
tiary TS/OCD Specialty Clinic (Yale Child Study Center) and the
Northern California and Hawaii Tourette Syndrome Chapter of the
Tourette Syndrome Association. Subjects were also referred
through local providers in the community, the Tourette Syndrome
Association and clinicaltrials.gov. Subjects were required to be on a
stable medication and psychotherapy regimen 4 weeks prior to
enrolling in the trial, as well as throughout the duration of the trial.
A stable medication regimen was defined as no recent addition,
discontinuation, or dosing change in medications that have poten-
tial effects on the central nervous system (such as antidepressants,
naltrexone, lithium, psychostimulants, anxiolytics, or antipsy-
chotics) in the previous 4 weeks. Subjects were also excluded if
they had started behavioral therapy treatment for tics in the prior 4
weeks. Subjects who were already engaging in behavioral treat-
ments for tics (for a period of >4 weeks) were encouraged to
continue the behavioral therapy throughout the trial. Further, sub-
jects were excluded if they 1) had significant comorbid psychiatric
illness, including bipolar disorder, psychotic disorder, substance
use disorder, autism spectrum disorder, or mental retardation ac-
cording to Diagnostic and Statistical Manual of Mental Disorders,
4th ed. (DSM-IV) criteria as diagnosed by the lead study investi-
gator (American Psychiatric Association 1994); 2) had had asthma
requiring use of an inhaler in the previous 6 months (case reports
have associated asthma exacerbation with given intravenous NAC
administration); 3) had previously used NAC (dose >600 mg for >2
weeks); or 4) had a positive urine drug screen or pregnancy test.
Subjects provided informed assent and parents provided informed
consent under an institutional review board (IRB) approved pro-
tocol prior to enrollment in the trial.

Families were made aware of other options for evidence-based
treatment of TS before study enrollment. Families received $150
compensation for participation in the trial. Subjects recruited from
the Northern California area were evaluated and treated during the
study at a separate physician’s office in the Palo Alto, California
area. However, subjects seen at the Palo Alto site still received all
study assessments and procedures from Yale Child Study Center
staff (the same physician and research support staff as at Yale). The
only protocol difference between subjects treated at the two sites
was that additional research staff (A.Y.) helped coordinate study
appointments at the Palo Alto site.

Intervention

Subjects were randomized in a ratio of 1:1 to receive treatment
with NAC (Swanson Premium Brand N-acetylcysteine from
Swanson Health Products) or placebo. NAC is an acetylated form of
the amino acid cysteine, which is commonly found in food and
synthesized by the body. NAC is generally well tolerated, and has
been extensively used in the treatment of acetaminophen overdose/
toxicity at high doses for many years (Cotgreave 1997), and has been
well tolerated in several previous trials of psychiatric conditions in
both adults and children (Berk et al. 2008a; Hardan et al. 2012;
Bloch et al. 2013). NAC (or placebo) was titrated up to a maximum
dose of 2400 mg over the course of 2 weeks. Subjects were assigned
600 mg twice a day for weeks 1-2, and then were assigned 1200 mg
twice a day for the remainder of the 12 week study.
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After completion of the study, all subjects receiving placebo
were offered NAC treatment. We offered active NAC to all subjects
who were randomized to receive placebo, in order to ensure that all
subjects had potential access to the active treatment of the trial and
had access to our expertise in dosing and managing potential side
effects associated with NAC. Subjects, their parents, investigators,
and persons performing the assessments remained blind to treat-
ment assignment from the time of randomization until the com-
pletion of the study. Randomization assignments were kept strictly
confidential by the investigational pharmacist until the time of
unblinding, after all study assessments were complete. The identity
of the treatment was concealed by the use of study drugs that were
identical in packaging, labeling, schedule of administration, ap-
pearance, and smell.

Blinding of treatment is particularly challenging in studies of NAC
because of its strong, distinctive sulfur odor. Peppermint-scented oil
was added to the outside of both NAC and placebo capsules to make
them nearly identical in appearance and smell. Additionally, placebo
capsules were stored in bottles with active NAC for several weeks
prior to dispensation in order to mimic the smell of NAC in the placebo
capsules. At the time of dispensation, placebo capsules contained no
appreciable trace of active NAC. Adequacy of blinding was assessed
by asking both subjects and the treating clinician, at the end of the trial,
whether they thought they were assigned to NAC or placebo. Neither
subjects (p=0.92) nor treating clinicians ( p =0.24) were significantly
better than chance when determining treatment allocation at study
completion. Medication compliance was assessed during each visit by
asking the subject and the family whether the subject was still taking
the study medication, and estimating the number of medication doses
missed since the last visit. We did not perform pill counts to assess
compliance.

Assessments

Baseline assessment consisted of a clinical evaluation involving
a psychiatric history, mental status examination, and clinical as-
sessment of past medication and behavioral treatment. A medical
assessment including vital signs, physical examination, and urine
drug screen and pregnancy test (for female adolescents) was per-
formed by the lead study investigator (M.H.B) or another MD
(A.L.W.). Standardized assessment included: 1) YGTSS -Total tic
score (Leckman et al. 1989), 2) Premonitory Urge for Tics Scale
(PUTS) (Woods et al. 2005), 3) Children’s Yale-Brown Obsessive-
Compulsive Scale (CY-BOCS) (Goodman et al. 1989), 4) ADHD
self-report rating scale (ADHD-RS) (Adler et al. 2006), 5) Multi-
dimensional Anxiety Scale for Children (MASC) (March et al.
1997), 6) Children’s Depression Inventory (CDI) (Kovacs 1985),
and 7) Pediatric Adverse Events Rating Scale (PAERS) (Shapiro
et al. 2009). The principal investigator (M.H.B.) or the other
MD (A.L.W.) conducted all clinical ratings at baseline weeks 0, 4,
8, and 12. A research assistant or associate researcher (K.E.P.,
A.L.W., JM.M.), with extensive experience with TS, observed all
study visits and conducted the ratings at weeks 1, 2, 3, and 6 by
telephone assessments. The ADHD-RS was completed by a parent,
whereas the YGTSS, PUTS, CY-BOCS, CDI, MASC, and PAERS
were completed through clinical interview with the subject and
family. The same rater conducted ratings of both efficacy and side
effects in this trial.

Data analyses

This trial was designed to have 80% power to detect a large
effect of NAC (d=0.9) assuming «=0.05 and a dropout rate of
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10%. A sample size of 38 subjects would give us 80% power to
detect a treatment effect size=0.9, setting «=0.05 and assuming a
dropout rate of 10%. The primary investigator decided to stop en-
rollment at 31 subjects because of poor recruitment and lack of
continued funding. We used the PROC MIXED statement in SAS
version 9.2 to analyze all outcomes related to NAC efficacy. We
used mixed models with restricted maximum likelihood (REML)
solution and an unstructured covariance matrix. We examined
treatment, time, and treatment by time interaction in the mixed
model. Time was treated as a repeated measure within subject. The
treatment by time interaction on the YGTSS total tic score was the
main outcome of interest in the trial. As secondary outcomes, we
examined the PUTS, CY-BOCS, CDI, MASC, ADHD-RS, PAERS,
and Clinical Global Impressions (CGI) scores. Mixed-models
analysis uses intention-to-treat principles and accounts for missing
data. A ¥ or Fisher’s exact test was used to compare dichotomous
outcomes, such as proportion of treatment responders and fre-
quency of side effects between the NAC and placebo groups. A
partial response was considered at least 25% improvement from
baseline in YGTSS total tic score and clinical severity scores on all
symptom rating scales in the final study visit. A full response was
considered as at least 35% improvement in YGTSS total tic score
and CGI=1 or 2 on the final study visit.

Results
Participants

Figure 1 is a Consolidated Standards of Reporting Trials
(CONSORT) diagram that describes the flow of subjects through
the trial. Table 1 compares the demographic and clinical charac-
teristics of the subjects randomly assigned to NAC and placebo at
baseline. All subjects enrolled in the trial met criteria for a diag-
nosis of TS. Randomized treatment groups were comparable in tic
severity at baseline, but subjects in the NAC group had greater
anxiety, were more likely to be taking an antipsychotic medication
for tics, and had less severe ADHD symptoms (p <0.05). We had
two dropouts (one in each group) during the course of the trial
(Figure 1). The subject in the NAC group experienced worsening of
tics and depression and discontinued from the protocol after Week
8. The subject in the placebo group required a decrease in stimulant
medication for comorbid ADHD at Week 8, and was, therefore,
also discontinued from the protocol.

Tic symptoms

There were no significant differences between NAC and placebo
in improving tic severity as measured on the YGTSS. Figure 2
depicts the change in YGTSS over time for both treatment groups.
Table 2 presents the results from mixed models analysis of all
primary and secondary measures.

Six of 17 (35.3%) subjects in the NAC group were judged as
treatment partial responders compared with 4 of 14 (28.6%) in the
placebo group (Fisher p=0.5). Four of 17 (35.2%) subjects in the
NAC group were judged as treatment full responders (>35% and
CGI 1 or 2) compared with 3 of 14 (21.4%) in the placebo group
(Fisher p=0.6).

Premonitory urges

There were no significant differences between NAC and placebo
in terms of reducing severity of premonitory urges associated with
tic symptoms (PUTS). Figure 3 depicts the change in PUTS se-
verity in the NAC and placebo groups during the trial.
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25 Potential Subjects Declined
Participation
17 too far

19 Potential Subjects Were
Ineligible for Participation
4 Asthma
2 Comorbid Autism diagnosis
6 YGTSS too low

8 lack of interest/time
constraints

1 too young
1 used NAC previously
1 atypical TS presentation
4 unstable/required further
evaluation

31 Subjects Randomized

17 Subjects Assigned to
NAC

1 Discontinued
due to
worsening
symptoms

16 Subjects Completed
the study

FIG. 1.

TABLE 1. BASELINE CHARACTERISTICS OF SUBJECTS

Demographic characteristic NAC Placebo
Female/Male 5/12 2/12
Age (mean [SD]) 12.4 (1.4) 11.5 (2.8)
Age of onset (mean [SD]) 6.8 (1.4) 6.1 2.4)
Duration of illness (mean [SD]) 5.6 34) 5.4 (2.8)
Comorbid OCD (n [%]) 2 (12%) 4 (29%)
Comorbid ADHD (n [%]) 6 (35%) 9 (64%)
Pharmacological treatment for tics 7 (41%)/ 6 (43%)/
(current/ever) 11 (65%) 11 (79%)
Current antidepressant use (n [%]) 5 (29%) 2 (14%)
Current antipsychotic use (n [%]) 7 (41%) 0
Current o-2 agonist use (n [%]) 2 (12%) 5 (36%)
Current psychostimulant use 2 (12%) 2 (14%)
(n [%])
Behavioral treatment for tics 1 (6%)/ 2 (14%)/
(current/ever) 3 (18%) 5 (36%)
YGTSS (mean [SD]) 27.1 (7.2) 26.3 (7.7)
PUTS (mean [SD]) 24.4 (4.6) 23.8 (4.1)
CGI - Severity (mean [SD]) 3.7 (1.1) 3.9 (0.6)
ADHD-RS (mean [SD]) 17.6 (9.2) 23.7 (11.8)
CYBOCS (mean [SD]) 6.9 (8.3) 10.7 (9.0)
CDI (mean [SD]) 25.1 (2.5) 24.9 (2.7)
MASC (mean [SD]) 41.6 (15.4) 23.8 (4.1)

NAGC, active N-acetylcysteine treatment; OCD, obsessive-compulsive
disorder; ADHD: attention-deficit/hyperactivity disorder; YGTSS, Yale
Global Tic Severity Scale; PUTS, Premonitory Urge Tic Scale; CGI, Clinical
Global Impressions; ADHD-RS, ADHD Rating Scale; CYBOCS: Children
Yale-Brown Obsessive-Compulsive Scale; CDI, Children’s Depressive
Inventory; MASC, Multidimensional Anxiety Scale for Children.

14 Subjects Assigned to
Placebo

1 Discontinued
duetoa
medication
change

13 Subjects Completed
the study

Selection of studies and search strategy.

Comorbid symptom severity

There were no significant differences between NAC and placebo
in reducing severity of comorbid symptoms, including: OCD
(CY-BOCS), ADHD (ADHD-RS), and anxiety symptoms (MASC).
Depression symptoms improved significantly in the placebo com-
pared with the NAC group (treatment-by-time interaction p=0.04).
Table 2 presents the results of the comparison between NAC and

YGTSS

@ placebo
——active

35

30

25

20

YGTSS Score

15

10

] 2 4 8 12
Weeks

FIG. 2. Effects of N-acetylcysteine (NAC) and placebo on tic
severity (Yale Global Tic Severity Scale [YGTSS]). There was no
significant effect of NAC on tic severity over time in comparison
with placebo.
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disorders, NAC was demonstrated to significantly reduce motor
stereotypies as a secondary outcome in that trial. Similarly designed
trials examining NAC for the treatment of other OC spectrum dis-
orders in adults, such as OCD (Afshar et al. 2012) and TTM (Grant
et al. 2009) have also suggested a significant benefit of NAC com-
pared with placebo. The benefits of NAC for adult TTM, however,
were not demonstrated in a similarly designed pediatric study (Bloch
et al. 2013). Consistent with previous trials, NAC was safe and well
tolerated in this trial.

There are several possibilities for the discordant results between
our pediatric trials of NAC in TS and TTM and other previously
published trials described, most specifically adult OCD, TTM, and
decreasing motor stereotypies in ASD. 1) NAC may be ineffective
in treating tics but effective in these other conditions, 2) develop-
mental stage may play an important moderating effect in the effi-
cacy of NAC in OC spectrum disorders, 3) the discordant results
may be a result of statistical chance caused by the limited power of
available studies, and/or 4) there may be systematic biases in pre-
vious NAC trials that are producing positive results.

It remains quite plausible that NAC affects tic symptoms dif-
ferently than how it affects the symptoms of other OC spectrum
disorders. OCD and TS have several differences in clinical pre-
sentation, including gender distribution (TS more commonly
affects males), clinical course (TS is more likely to remit in ado-
lescence), and response to treatment (OCD is more responsive to
SSRIs and less responsive to antipsychotic monotherapy and «-2
agonists than TS) (Ferrao et al. 2009). TS and TTM share several
important clinical similarities (e.g., premonitory urges, response to
habit reversal therapy, and possibly response to antipsychotics)
(Bloch et al. 2007), but the underlying pathology of TTM remains
largely unexplored.

Another possibility is that age has moderating effects on the
efficacy of NAC for OC spectrum disorders. It seems that our
negative results of NAC treatment to pediatric TTM (Leckman
et al. 1989) and pediatric TS are both accurate and reliable. The
divergent results regarding the efficacy of NAC for treating these
conditions in pediatric and adult populations reinforces the differ-
ences in presentation between adult- and childhood-onset OC
spectrum disorders. NAC is hypothesized to work in targeting re-
petitive behaviors (e.g.: TS, OCD, and TTM) by reducing the fre-
quency and intensity of the premonitory urges via glutamate
modulation (Grant et al. 2009). This hypothesis derives from the
substance abuse literature, in which NAC has been demonstrated to
modulate glutamate in the nucleus accumbens and reduce drug-
associated cravings (Moussawi et al. 2009; Kupchik et al. 2012).
As children tend to engage in more automatic and ego-syntonic
repetitive behaviors than adults (Alvarenga et al. 2012), they might
have less benefit from NAC. Results of this trial and a similarly
designed pediatric TTM trial are consistent with this hypothesis, as
neither trials found any significant effect of NAC compared with
placebo on any measures that specifically probed the frequency and
intensity of, or control over urges. However, arguing against the
possibility is the observation that NAC had beneficial effects for the
treatment of stereotypies in children with ASD in a previous
double-blind, placebo-controlled trial. Children enrolled in this
trial had an earlier age of onset than those enrolled in the present
study, and stereotypies are typically not associated with premoni-
tory urges, in contrast to tics (Hardan et al. 2012).

Another plausible explanation for the difference in adult and
pediatric populations is that NAC’s antioxidant (Cotgreave 1997;
De Rosa et al. 2000) and anti-inflammatory (Sommer et al. 2014)
properties are more effective for adults with longer periods of ill-
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ness and, consequently, more brain injury and comorbid anxiety
and depressive symptoms (Bloch et al. 2006). A recent neuroima-
ging (proton magnetic spectroscopy) study reported a decrease in
metabolite (derived from oxidative stress) concentration in the
cingulate cortex of adult patients with depression taking NAC,
compared with those taking placebo. This finding supports our
hypothesis that the antioxidant properties of NAC might lead to
increased efficacy in adults (Das et al. 2013).

Further, the divergent results between NAC trials may be the
result of the small sample size and limited statistical power of many
of the included trials. Our trial had limited power to detect a sig-
nificant difference between NAC and placebo. Post-hoc power
estimates suggest that we had 68% power to detect an effect size of
NAC=0.9, assuming a=0.05. Most trials in this area have been
similarly powered, although most of the larger, better-powered
trials of NAC in the treatment of other psychiatric disorders in
adults and children have suggested benefit of this condition. The
small sample size of our current NAC trial remains a major limi-
tation; however, there is no evidence or suggestion that NAC is
effective for treating tic symptoms. It remains exceedingly unlikely
that NAC has even a medium-to-large benefit in improving tic
disorders. Currently available pharmacological and behavioral
treatments for TS have this demonstrated effect size (Piacentini
et al. 2010; Weisman et al. 2014). Other limitations in our trial
include the fact that our randomly assigned NAC and placebo
groups differed significantly in terms of severity of anxiety and
ADHD symptoms and concomitant use of antipsychotic medica-
tions. These baseline differences could have affected our ability to
detect difference in subject outcomes that were attributable to
medication effects. Many of our subjects received concomitant
treatments (at stable doses) along with study medications during the
course of this trial; this concomitant medication use may influence
the measured efficacy of NAC (although NAC was found to be
effective as an adjunctive agent to antipsychotic medications in
schizophrenia previously) (Berk et al. 2008b; Sommer et al. 2014).
Additionally, we did not perform pill counts to assess compliance;
therefore, we cannot verify with certainty that the included subjects
took all doses of the assigned medication.

Conclusions

Earlier trials of NAC may also have contained systematic bias
that could have led to spurious positive findings across a plethora of
psychiatric conditions. Poor blinding between NAC and placebo
remains a possible candidate as a source of bias. Most trials of NAC
conducted to date have utilized tablet formulations of NAC that
may contain a sulfur-like odor that makes the agent difficult to blind
with placebo trials. We went to great efforts in this trial to try to
properly blind the NAC capsules. Methods of achieving proper
blinding are often undescribed in earlier trials, and when described,
are often difficult to evaluate in terms of adequacy. Although this is
a possibility, there are two pieces of evidence that argue against this
blinding issue being solely responsible for the positive findings of
NAC across psychiatric conditions: 1) Several more recent trials
using NAC formulations with identical appearing and smelling
placebo controls have produced positive results, and 2) there is
increasing evidence regarding the biological effects of NAC (see
discussion of Das et al. 2013).

Clinical Significance

This trial failed to demonstrate a benefit of NAC for the treat-
ment of tic disorders in children with TS. However, it also provides
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further evidence of the safety and tolerability of NAC in the pe-
diatric population. The trial’s negative results highlight the need for
larger, better-powered, multisite studies evaluating the efficacy of
NAC for several OC spectrum disorders (and other psychiatric
conditions) using ideal placebo comparator formulations. The in-
creasing evidence of biological effects of NAC across psychiatric
conditions provides additional rationale for these larger trials.
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