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Abstract

Introduction: All symptoms in schizophrenia may impact functioning. Although Food and Drug
Administration-approved medications typically benefit positive symptoms, negative symptoms are
generally refractory to medication interventions. N-acetylcysteine’s (NAC) influence on glutamatergic
neurotransmission has been established. An emerging body of research has attempted to correlate this
action with reduction in symptom severity, evaluating response in positive, negative, and cognitive
symptom domains.

Methods: A literature review was performed to analyze available data on NAC intervention and
improvement in the positive, negative, and cognitive symptom domains in patients with schizophrenia.
Quality of evidence was systematically assessed to determine level of certainty in results.

Results: Three randomized controlled trials were identified. Across studies, negative symptoms
decreased more with NAC compared to placebo; ranging between 11.9% and 24.1%. The assessment
determined a low level of certainty regarding benefit of NAC on negative and cognitive symptoms and
moderate certainty for NAC regarding findings of side effects and lack of benefit on positive
symptoms.

Discussion: Consistent reporting of benefit in negative symptoms is found across studies of NAC
intervention. These improvements are notable for symptoms that have generally remained refractory to
medication intervention. Inconsistent benefit was reported in positive and cognitive symptoms. GRADE
(grading of recommendations assessment, development and evaluation) assessment of current evidence
indicates a low certainty of benefit for negative symptoms with standard use of NAC in patients with
schizophrenia. However, a trial of this low-risk intervention may be warranted in patients with resistant
negative symptoms and subsequent impaired functioning despite appropriate antipsychotic therapy as
they may experience additional benefit in this symptom domain.
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Introduction

Schizophrenia is a thought disorder characterized by the
variable presentation of positive and negative symptoms
with subsequent mood and cognitive impairments con-
tributing to functional decline. The negative symptom
domain includes social withdrawal, impaired affective
response, lack of interest, poverty of speech, and
diminished goal-directed activity, whereas positive symp-
toms include hallucinations, delusions, and paranoia.* All
patients with schizophrenia present with some positive
symptoms, and many experience negative symptoms.?
Positive symptoms have been shown to respond to
medication interventions with response characterized to
be a 20% improvement in symptom severity.3 Negative
symptoms often persist throughout the life span and are
generally refractory to standard medication interven-
tions.* Given the chronicity of illness and symptom
persistence, patients with schizophrenia often attain lower
levels of education, have a reduced quality of life, and
develop impaired social and occupational functioning.>®
Additionally, negative symptoms contribute to enhanced
mortality risk through influence on comorbidities, includ-
ing metabolic syndrome and cardiovascular disease.”® All
symptoms in schizophrenia may impact functional capac-
ity, and the severity of negative symptoms may serve as a
clinically important prognostic factor of global health
outcomes.

Treatment with antipsychotic medications leads to a
response in positive symptom reduction for more than
two thirds of patients.® Their benefit for negative
symptoms are less evident. Furthermore, negative symp-
toms secondary to antipsychotic activity on mesocortical
dopaminergic pathways are difficult to differentiate from
primary negative symptoms of schizophrenia.*® The
interaction of social deprivation, depressive symptoms,
substance use disorders, and personality disorders also
may lead to negative symptoms. The 2009 Patient
Outcomes Research Team schizophrenia guidelines indi-
cate that no pharmacologic treatment for negative
symptoms has sufficient evidence to support a treatment
recommendation.* Investment into treatment interven-
tions targeting this area of need have yielded useful
information. Particularly interesting is the focus on
repurposing other currently available medications with
the intention of improving all symptom domains,
including recent and pending evaluations on the use of
N-acetylcysteine (NAC).

Research has indicated that pharmacologic manipulation
of glutamatergic neurotransmission via glycine (d-serine)
reuptake, specifically at the N-methyl-D-aspartate
(NMDA) receptor, may serve as a unique target for
symptoms of schizophrenia.™ The glutamate hypothesis
of schizophrenia posits that dysfunction in the tight

physiologic control of this major excitatory neurotrans-
mitter may contribute to the development of schizophre-
nia.**> However, no specific pharmacotherapy targeting
glutamate has demonstrated consistent improvement in
symptoms of schizophrenia. The complexity of the
condition and glutamatergic neurotransmission activity,
including NMDA, o-amino-3-hydroxy-5-methyl-4-isoxazo-
lepropionic acid (commonly referred to as AMPA), kainite,
and metabotropic receptors (commonly mGIuR), makes
the identification of specific contributory mechanisms or
drug targets difficult.

N-acetylcysteine serves as a glutathione precursor, which
is the major antioxidant of the central nervous system.
The NMDA receptor is sensitive to reduction-oxidation
reactions (redox), where reduction of redox sites increases
and oxidation decreases NMDA-mediated activity.*
Glutathione helps to regulate this balance by mitigating
oxidative stress from free radical compounds, thereby
reducing oxidation-mediated NMDA receptor hypofunc-
tion. N-acetylcysteine also serves as an L-cysteine
derivative, which is a substrate for the glial cysteine-
glutamate antiporter.*® Cysteine binding at this antiporter
leads to increased extrasynaptic glutamate, helping to
regulate glutamatergic neurotransmission through nega-
tive feedback.™

Initial clinical studies™™ involving NAC supplementation
in schizophrenia focused on glutathione and redox
dysregulation as an etiology for oxidative stress in
schizophrenia and sought to quantify glutamatergic
functioning in patients with schizophrenia and the impact
of NAC supplementation. Researchers™™ used electro-
encephalogram measurements to characterize associa-
tions with NMDA-receptor functioning. Findings
suggested that, compared to sex- and age-matched
controls, NAC supplementation improved NMDA receptor
function. Lavoie et al*> postulated that modulating
glutathione levels might serve as a promising approach
although their studies were not powered to detect a
difference in clinical symptom presentation.

Antipsychotic medications have been in use for more than
5o years, yet only about 70% of patients respond to
antipsychotic monotherapy with a 20% symptom reduc-
tion.*® Current therapies do not robustly or consistently
improve negative symptoms of schizophrenia, which
impair function and significantly influence morbidity and
mortality.*® Despite ongoing study of novel and repur-
posed compounds targeting specific symptom domains,
there is a need to improve the disposition of this
vulnerable population. The purpose of this review is to
assess and apply grading of recommendations assess-
ment, development and evaluation (GRADE) methodolo-
gy to the evidence informing use of NAC as adjunctive
therapy to standard treatments in patients with schizo-
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phrenia targeting positive, negative, or cognitive symp-
tom domains.

Methods

A literature search was performed through query of
PubMed, Web of Science, and EBSCOHOST for random-
ized controlled trials assessing treatment of schizophre-
nia with NAC using the keywords N-acetylcysteine or NAC
and schizophrenia. All randomized controlled trials
published in peer-reviewed literature using human
participants were included without date specification
and limited to English language. The National Library of
Medicine’s (NLM) clinical trials database was reviewed to
capture unpublished data sources and provide discussion
on pending research on this topic. Query of NLM’s
database was performed similar to the aforementioned
search criteria.

Emphasis was given to the change in symptom severity
assessed using the positive and negative symptom scores
of the Positive and Negative Syndrome Scale (PANSS).
Clinical outcomes were compared to treatment response
criteria, which posits a change of 20% as the minimum
that can be routinely detected.? Additionally, clinical
assessments of cognition were reviewed. Tolerability of
NAC intervention was characterized by prevalence of
adverse events, and total discontinuations for any reason
were included.

We assessed the quality of evidence informing the role of
NAC in schizophrenia treatment by using the GRADE
framework via GRADEpro GDT online software.”® We
utilized GRADE as a systematic approach to analyze
available evidence and postulate recommendations based
on the certainty of evidence gathered. Certainty is
influenced by risk of bias, imprecision, inconsistency,
indirectness, and publication bias. Through assessment of
GRADE criteria in developing clinical recommendations,
we aimed to provide a reproducible and transparent
framework for our conclusions. The outcomes of GRADE
are interpreted in the context of the certainty of evidence
and the clinical outcomes in relation to symptom
response.

Results

Three randomized controlled trials**™** with 2 post hoc
subgroup analyses from 1 of the trials were identified.
Summaries of the literature findings are collated in Table
1.

The first randomized controlled trial was conducted by
Berk and colleagues®* to evaluate the safety and
effectiveness of oral NAC as an adjunct to maintenance

medication for the treatment of chronic schizophrenia.
This multicenter, double-blind study randomized 69
patients to NAC 1 g twice daily and 71 patients to
matching placebo for 24 weeks concomitant with usual
care. Patients were included if they were on antipsychotic
therapy and presented with a PANSS total score of at
least 55 or at least 2 of the positive and/or negative items
being 3 or having a Clinical Global Impression of Severity
score >3. Patients were excluded if they had other
significant systemic medical disorders or were on a
concurrent mood stabilizer (lithium or anticonvulsant) or
another current antioxidant therapy.

Participation at week 24 was achieved by 42 of the NAC
and 42 of the placebo-allocated participants. Predominate
antipsychotic therapy was clozapine (45%) or olanzapine
(20%), and there were no baseline differences between
intervention cohorts. Mean (SD) age was 36.6 years
(*10.9), duration of illness was 12.2 years (=8.9), and sex
distribution was 70% men among all participants. Baseline
PANSS positive and negative scores were 15.9 (*5.3) and
16.9 (*=6.2) for placebo and 16.4 (£5.5) and 15.1 (*6.1)
for the NAC-treated group. The least squares mean
difference in PANSS negative symptoms at week 24 was
1.8 (*1.5) between NAC and placebo (P <.o5). The effect
size for this difference was 0.52 (95% confidence interval:
0.17-0.88). At week 28, after 4 weeks of washout, no
difference persisted between groups in negative symptom
scores. The mean score difference for positive symptoms
was 0.5 (*£1.6), which was not significant. The authors
stated that “no effects on cognition were seen in the
subset of subjects that received cognitive asses-
sment,”>(P365)

The second trial was conducted by Farokhnia and
colleagues® to evaluate the safety and effectiveness of
oral NAC as an adjunct to risperidone treatment in an
inpatient population with active phase schizophrenia. This
multicenter, double-blind study randomized 23 patients to
NAC 1 g daily for 1 week then titrated to twice daily and
23 patients to matching placebo over an 8-week
treatment period. Eligibility included a minimum score
of 60 on the PANSS and 20 on the PANSS negative score
with at least 2 years of illness duration. Patients were
excluded if they presented with any other psychiatric or
substance use disorder, serious medical comorbidity,
additional psychiatric medication use, or any recent
antipsychotic or electroconvulsive therapy use prior to
enrollment.

Two patients from each group dropped out before study
end due to either withdrawal of consent or previously
undisclosed substance use. There was no significant
difference in baseline characteristics reported between
groups. Mean (SD) age was 32.2 (*6.1) versus 33.4 (¥£7.0)
years in NAC and placebo groups, respectively, with even
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TABLE 1: Summary of randomized trial literature

Study Intervention

N Findings

Berk et al** (2008) NAC 1 g twice daily vs placebo

for 28 wk

Farokhnia et al** (2013) NAC 1 g daily for 1 wk then
twice daily vs placebo for 8

wk

Sepehrmanesh et al*® (2018)  NAC 600 mg twice daily vs

placebo for 12 wk

140

In predominately clozapine- or olanzapine-treated

patients with chronic schizophrenia:

* PANSS negative scores improved, which was no
longer evident at 4 wk post-NAC discontinuation

* PANSS positive scores were not different between
intervention groups

* No effects on cognition were seen in the subset of
subjects that received cognitive assessment

42 Among inpatients concomitantly initiated on risperidone
for treatment of active phase schizophrenia:
* A significant improvement was seen in PANSS
negative scores
* No change found in PANSS positive scores
* No assessment of cognition was performed

84  In patients with chronic schizophrenia but not managed
on clozapine:
* PANSS positive and negative scores were
significantly improved
* Improved cognitive assessment scores were noted

NAC = N-acetylcysteine; PANSS = Positive and Negative Syndrome Scale.

sex distribution. Similarly, duration of illness was 6.9
(*3.4) versus 7.4 (£3.7) years. Baseline PANSS positive
and negative scores were 32.3 (£5.5) and 27.3 (£6.1) for
placebo and 30.2 (*£3.7) and 27.4 (£4.4) for the NAC-
treated group. Greater decrease in negative symptoms
was characterized in the NAC group with a mean
difference at week 8 of 6.6 (95% confidence interval:
4.1-9.1; P <.o01). This was not found for positive
symptoms with a mean difference of -o0.9 (£3.4).
Multivariate linear regression revealed that NAC treat-
ment assignment was the strongest predictor of negative
symptom score reduction compared to patient variables
or changes in other scaled assessment scores.

Most recently, a trial conducted by Sepehrmanesh and
colleagues® sought to evaluate the clinical effects of
lower dose oral NAC as an add-on to maintenance
medication in the outpatient management of chronic
schizophrenia. Investigators performed a single-center,
double-blind trial that randomized 42 patients to NAC 600
mg twice daily and 42 patients to matching placebo over a
12-week treatment period. Inclusion criteria included a
minimum score of 55 on the PANSS with at least 2 years
of illness duration. Reasons for exclusion included any
additional psychiatric diagnosis, other neurologic or
organic illnesses, intelligent quotient of <70 based on
clinical judgment, additional antioxidant supplementation,
additional psychiatric medication use, and clozapine-
managed patients.

Two patients from the NAC and 3 from the placebo
cohorts dropped out of study due to withdrawal of

consent. Mean (SD) age was 38.7 (*1.9) versus 39.4 (F£2.2)
years in NAC and placebo groups, respectively, with
similar sex distribution. Duration of illness was 13.5 (+9.9)
years in the treatment group versus 17 (=11.5) in placebo.
Notable baseline differences between groups included
residence, where the NAC cohort was more likely to be
urban-dwelling (65%) versus those on placebo (43.6%).
Significant differences in baseline PANSS total and scores
were characterized. NAC-treated patients had a mean
PANSS positive score of 22.9 (=10.8) and a negative score
of 30.4 (£7.3), whereas placebo had a positive score of
17.7 (*5.8) and a negative score of 26.5 (+6.2). At 12
weeks, inversion of mean negative symptoms scores was
reported between NAC (23.8) and placebo (27.1) groups.
Positive symptom scores were 21.9 and 17.6 for NAC- and
placebo-treated patients at 12 weeks, respectively.
Neither data distribution nor mean differences were
reported. This limited our GRADE analysis to a focus on
the certainty of the data as it was not possible to
aggregate the effect size from NAC intervention on
clinical outcomes due to these data omissions. The
authors reported results from their ANOVA test for
between-group differences of negative symptoms
(F=o0.2, df=1, P=.65) and positive symptoms (F=75.47,
df=1, P=.02). Also reported were improvements in mean
cognitive function score using the mini-mental status
exam, digit span test (forward and backward), digit
symbol substitution test, and Stroop test (letter and
color); all significant (P <.o1).

The 3 clinical trials®*3 reviewed did not show between-
group differences in reported adverse drug events. Data
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TABLE 2: Summary of grading of recommendations assessment, development and evaluation (GRADE) analysis in
randomized trials

Certainty Assessment

No. of Studies Risk of Bias Inconsistency Indirectness Imprecision Certainty
Negative symptom domain (follow up: range 8 to 24 wk; assessed with PANSS negative score)

3 Serious® Serious” Not serious Not serious ++400 Low
Cognition symptom domain (follow up: range 12 to 24 wk; assessed with various scales)

2¢ Not serious Serious® Not serious Serious® ++00 Low

Positive symptom domain (follow up: range 8 to 24 wk; assessed with PANSS positive score)

3 Serious’ Not serious Not serious Not serious +++0 Moderate

Treatment attrition for any reason (follow up: range 8 to 24 wk; assessed with all-cause discontinuation)

3 Not serious Serious? Not serious Not serious -+-+-+0 Moderate

PANSS = Positive and Negative Syndrome Scale.

“Selective reporting and incomplete outcomes data in study by Sepehrmanesh et al*3; did not include prespecified between-group differences in mean
PANSS score changes at trial end point. Instead, included findings with F statistic from ANOVA. No SD reported with mean PANSS score, yielding
inability to complete t test analysis through independent investigator using summarized data.

PAlthough consistency of findings were reported among all 3 trials,>*3 the statistics provided by Sepehrmanesh et al* did not show a between-group
difference as stated in the text. So evidence is lacking to state that all 3 studies were consistent in finding.

“Publications by Berk et al** and Sepehrmanesh et al*® evaluated for cognitive symptom improvement.

9Berk et al** found no differences in subgroup of patients analyzed, whereas Sepehrmanesh et al®3 found benefits with N-acetylcysteine across all
cognitive function assessments.

€Cannot assess magnitude of effect given published data from Sepehrmanesh et al*3 and unable to assess sample size in each group within Berk et al**
study, which was likely not powered to detect a difference.

fSelective reporting and incomplete outcomes data in study by Sepehrmanesh et al®3; did not include prespecified between-group differences in mean
PANSS score changes at trial end point. Instead, included findings with F statistic from ANOVA. No SD reported with mean PANSS score, yielding

inability to complete t test analysis through independent investigator using summarized data.

9ILarge variability in reported drug reactions and discontinuations between studies.

available from these trials on adverse events secondary to
NAC intervention were pooled for concise review. Adverse
events from the placebo group were similarly reported.
Abdominal discomfort or indigestion occurred most often
in both NAC (25.7%) and placebo (20%) treated groups
although the study by Farokhnia and colleagues®* did not
assess for this specifically. Nausea (16.9% vs 16.8%) and
diarrhea (17.7% vs 11.5%) were also often reported for
NAC versus placebo, respectively. Overall, discontinuation
of treatment for any reason was similar between groups
with study retention across trials at 76.9% for NAC and
75% for placebo groups. The most common reasons for
attrition were withdrawal of consent, nonadherence to
intervention or placebo, or change to maintenance
psychiatric medication.

The GRADE analysis resulted in a low level of certainty in
findings concerning the impact of NAC on negative and
cognitive symptoms in patients with schizophrenia. There
was a moderate level of certainty in the findings related to
treatment attrition and the lack of benefit of NAC for
positive symptoms. Data aggregation and effect size
assessment were excluded from the GRADE analysis due
to issues in the reporting of data. Collated results from
GRADE are provided in Table 2.

Discussion

Overall, the literature evaluating adjunctive NAC in
schizophrenia is limited to a few clinical trials with
significant heterogeneity, making inferences from this
data difficult. Notably, negative symptoms were the only
domain reported across studies to improve with NAC
supplementation. When evaluating any improvement seen
in PANSS scores, extrapolation of response criteria may be
appropriate to characterize the significance of any
reported improvements seen in the literature. Response
to therapy is characterized by a 20% decrease in severity
of symptoms in patients with schizophrenia. Comparing
mean score changes on the PANSS negative score in the
Berk et al,** Farokhnia et al,** and Sepehrmanesh et al*3
publications, NAC intervention yielded a 11.9%, 24.1%,
and 23.7% decrease in negative symptoms compared to
placebo, respectively. Although differences between the
studies are extensive in terms of baseline negative
symptoms, phase of illness, and antipsychotic treatment,
these mean changes are somewhat comparable to what
would be considered treatment response. No benefit was
shown in positive symptom reduction across studies.
These findings indicate a potential niche for NAC in
targeting negative symptoms in patients with schizophre-
nia.
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Certainty assessment from the GRADE analysis was used
to inform the findings from the limited literature available.
Interpretations of the aggregated effect size for the
outcome differences were hampered by the lack of
reporting in the Sepehrmanesh et al*3 study as previously
discussed. Although the low level of certainty in the
associated benefits of NAC is characterized here, the
refractory nature of negative and cognitive symptoms in
schizophrenia makes a compelling case for NAC utility in
select patients. As current standards of care have little to
no benefit on these symptom domains, small improve-
ments from NAC supplementation may translate to
significant improvements in functional capacity that may
be deemed meaningful to patients or caregivers.

Post hoc analysis** of the data published by Berk and
colleagues® attempted to further inform NAC’s impact on
cognitive symptoms. Among a sample of 58 patients
randomized to placebo or NAC, working memory was
significantly improved from baseline to end point in the
NAC-treated group. However, these findings were not
correlated with functioning, and no improvement was
seen in the assessments of attention span and executive
functioning; the sample was a combined cohort of
patients with schizophrenia or bipolar disorder with
psychotic symptoms from 2 similarly designed studies.
Due to the limited findings and heterogeneity of study
participants, this publication has few clinical applications.

Additional analysis®® has proposed the potential for stage-
specific employment of NAC. Data from Berk and
colleagues™ was stratified by duration of illness, showing
that patients with schizophrenia of 20 or more years’
duration had lower scores in all PANSS scores with
significant differences reported for the total and PANSS
positive scores. Notably, significant improvement in the
Social and Occupational Functioning Assessment Scale
(SOFAS) was shown when accounting for the use of NAC
and longer duration of illness. Although the absolute
change in SOFAS was small, any improvement in
functioning in this cohort of patients with a longer
duration of schizophrenia may yield meaningful outcomes
in maintenance of patient independence, ability to
accomplish activities of daily living, or level of care and
support required.

Among the 3 randomized trials reviewed, the Berk et al**
publication is likely the best reflection of adverse drug
events with NAC. Sparse reporting of this in the
outpatient study by Sepehrmanesh et al*®* and the
inpatient study by Farokhnia et al** add inconsistency to
our aggregated analysis of reported side effects. Indiges-
tion was more commonly reported with NAC than placebo
(39% vs 31%) as was diarrhea (25% vs 17%). These
unpleasant events may promote nonadherence to NAC
among a population with predisposed risk factors for

nonadherence. However, reported adverse events in the
placebo groups were consistently similar across studies,
and there were no reports of adverse events resulting in
patient morbidity or mortality. The low risk of harm from
serious adverse drug events adds to the support for NAC
use in patients who can tolerate this supplementation.

Review of NLM’s clinical trials database yielded 4 clinical
trials focused on supplementation of NAC in patients with
schizophrenia and included or planned to include assess-
ment of PANSS or cognitive function scores, had results
pending or posted, and were not associated with the
literature already reviewed. The NAC in Early Phase
Schizophrenia Spectrum Psychosis trial*® assessed NAC
1800 mg in the morning and 9oo mg at night for 28 weeks
of total therapy. Results posted in June 2017 include data
on 41 of the 61 patients enrolled and did not yield
differences in positive, negative, or cognitive symptom
score reduction. As of December 2018, the Treatment of
Cognitive and Negative Symptoms in Schizophrenia with
N-acetylcysteine trial*” is currently recruiting 4o partici-
pants to be randomized to either placebo or NAC 1200 mg
twice daily for 8 weeks. The Pilot Trial of Acute N-
acetylcysteine Effects on Working Memory and Other
Cognitive Functions in Schizophrenia®® included 28
participants randomized to NAC 1200 mg twice daily for
3 days then once daily for 2 days or matching placebo
with subsequent crossover for the remaining 5 days. No
statistical analyses were reported. A trial*® of sodium
benzoate and/or N-acetylcysteine added to treatment as
usual in patients with early schizophrenia spectrum
disorder had not yet started recruiting at the time of this
review but will randomize 64 patients to sodium benzoate
1 g daily and/or NAC 1 g twice daily or placebo for 12
weeks. Additionally, a published protocol*® was also
gathered that outlined a double-blind, randomized,
controlled trial targeting negative symptoms in patients
with documented clozapine-resistant schizophrenia.

Reviewing product formulation is necessary when consid-
ering NAC initiation. Prescription liquid products that may
be administered orally are available. These may prove
difficult to administer for patients who manage their own
medications as compared to an oral tablet and may not be
covered by insurance outside of use for acetaminophen
toxicity. An effervescent prescription tablet is also
available but is often costlier than the liquid preparations,
is only available in 500 and 2500 mg tablets, and is
indicated for the treatment of acetaminophen toxicity.
There are nonprescription, oral, over-the-counter options
that may be more reasonable to use and provide
significant cost savings for institutions willing to vet the
manufacturer and product quality. The studied twice-daily
dosing regimen represents a consideration for adherence
concern in patients who manage their own medications.

Ment Health Clin [Internet]. 2019;9(3):116-23. DOI: 10.9740/mhc.2019.05.116

121



Several limitations of the existing literature are present
that should be noted for interpretation of this review and
the GRADE analysis reported. Significant heterogeneity in
antipsychotic treatment, stage of illness, treatment
setting, and severity of baseline PANSS symptoms are
present between studies. Inconsistency of data reporting
has been noted in the outcome findings from the
publication by Sepehrmanesh and colleagues® and in
the prevalence of adverse drug event reporting in the
publications by Sepehrmanesh et al*® and Farokhnia et
al.?* Although reduction in negative symptoms was
consistently reported across studies, these findings were
not correlated with functional improvement in the
randomized trials, a more meaningful patient outcome.
Due to data reporting, results from the 3 randomized trials
could not be aggregated to assess effect size of the
intervention on outcomes. Therefore, the certainty
assessment of GRADE was used as an objective method
of characterizing the quality of existing literature and its
findings.

Corroborating evidence suggests some benefit of NAC
treatment on negative symptoms in short-to-medium-
length treatment trials. The common dose studied has
been 1000 mg twice daily although this is not standard-
ized across all trials, and no study has evaluated a dose
response relationship or optimal effectiveness dose.
Although certainty in the findings of benefit is low, NAC
may have unique benefits in specific subgroups of patients
with schizophrenia. Further research is investigating NAC
targeting negative symptoms in clozapine-resistant pa-
tients, which should yield further insight. GRADE assess-
ment of the current evidence indicates a low certainty of
benefit for negative symptoms with standard use of NAC
in patients with schizophrenia. However, a trial of this
low-risk intervention may be warranted in patients with
resistant negative symptoms and subsequent impaired
functioning despite being on appropriate antipsychotic
therapy as they may experience additional benefit in this
symptom domain.
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