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Abstract

Background. Obsessive–compulsive disorder (OCD) is often challenging to treat and resistant
to psychological interventions and prescribed medications. The adjunctive use of nutraceuticals
with potential neuromodulatory effects on underpinning pathways such as the glutamatergic
and serotonergic systems is one novel approach.
Objective. To assess the effectiveness and safety of a purpose-formulated combination of
nutraceuticals in treating OCD: N-acetyl cysteine, L-theanine, zinc, magnesium, pyridoxal-50

phosphate, and selenium.
Methods. A 20-week open label proof-of-concept study was undertaken involving 28 partici-
pants with treatment-resistant DSM-5-diagnosed OCD, during 2017 to 2020. The primary
outcome measure was the Yale-Brown Obsessive–Compulsive Scale (YBOCS), administered
every 4 weeks.
Results. An intention-to-treat analysis revealed an estimated mean reduction across time
(baseline to week-20) on the YBOCS total score of �7.13 (95% confidence interval = �9.24,
�5.01), with a mean reduction of �1.21 points per post-baseline visit (P ≤ .001). At 20-weeks,
23% of the participants were considered “responders” (YBOCS ≥35% reduction and “very
much” or “much improved” on the Clinical Global Impression-Improvement scale). Statistically
significant improvements were also revealed on all secondary outcomes (eg, mood, anxiety, and
quality of life). Notably, treatment response on OCD outcome scales (eg, YBOCS) was greatest
in those with lower baseline symptom levels, while response was limited in those with relatively
more severe OCD.
Conclusions. While this pilot study lacks placebo-control, the significant time effect in this
treatment-resistant OCD population is encouraging and suggests potential utility especially for
those with lower symptom levels. Our findings need to be confirmed or refuted via a follow-up
placebo-controlled study.

Introduction

Although first line therapies for obsessive–compulsive disorder (OCD), including serotonin
re-uptake inhibitors (SRIs) (selective serotonin re-uptake inhibitors [SSRIs] and clomipramine),
and/or psychological interventions (specifically exposure-response prevention; ERP) can elicit
clinically meaningful improvements in many patients,1,2 a proportion remain “treatment-
resistant.”3,4 The terms “treatment-resistant” and “treatment refractory” are often used inter-
changeably in research and clinical practice, but the latter has been described as a greater degree
of treatment resistance in which patients have failed to attain adequate improvements with three
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SRI trials (one of which includes clomipramine), two antipsychotic
augmentation strategies as well as cognitive behaviour therapy
(CBT) concurrent to pharmacotherapy.5

Although there is a paucity of research into the aetiopathogen-
esis of treatment-resistant or refractory OCD, positive treatment
responses have been demonstrated for glutamatergic modulating
pharmacotherapies.6 Abnormalities of glutamatergic activity may
exist in some treatment refractory individuals. In addition, the
presence of oxidative stress, which may be greater in magnitude
in more chronic and severe cases of OCD warrants further inves-
tigation as a treatment target.7 Thus, strategies which modulate
glutamate activity and provide antioxidant and neuroprotective
effects may be of benefit in patients with treatment-resistant and
refractory OCD. One approach is the use of nutraceutical agents,
which have been shown to be potentially effective adjuncts in a
range of psychiatric disorders, including depression.8 Further the
use of “combination” nutraceuticals may potentially exert a greater
effect than isolated nutrients via targeting an array of neurobiolog-
ical pathways underlying the disorder, and potentially via syner-
gism (as nutrients are oftenmore effective in combination andmay
require certain nutrient co-factors for optimal metabolism).9

Key nutraceuticals with the potential to modulate implicated
pathways involved in OCD include:N-acetyl cysteine (NAC), zinc,
L-theanine, selenium, magnesium, and pyridoxal-50 phosphate
(P5P). In brief, NAC has been found to attenuate the synaptic
release of glutamate in subcortical brain regions (via glutamate
metabotropic autoreceptor 2/3 activation and the involvement of
cysteine transporters) and restore extracellular concentrations of
glutamate in the nucleus accumbens.10-12 The latter mechanism is
postulated to be particularly beneficial for attenuation of compul-
sive behaviors.12 Neuroimaging studies highlight NAC’s ability to
exert activity in the brain when taken orally. For example, oral
administration of NAC in adults can lower elevated levels of
glutamate in the dorsal anterior cingulate cortex (dACC), as well
as glutamate plus glutamine levels in the anterior cingulate cortex
(ACC).13,14 L-theanine is a nonproteinogenic amino acid derived
almost exclusively from tea leaves (Camellia sinensis) and possesses
various neuromodulatory and neuroprotective effects, particularly
enhancing inhibitory and attenuating excitatory neurotransmis-
sion.15 Specifically, L-theanine is a glutamate analoguewhich exerts
weak antagonistic effects at ionotropic glutamate receptor sub-
types, and has a stronger affinity for inhibiting glutamine trans-
porter activity, which subsequently suppresses exocytotic release of
glutamate.16,17

Zinc is an essential trace mineral involved in a diverse range of
biochemical processes.18 It is a modulator of inhibitory and excit-
atory neurotransmission with effects on glutamate and GABA,
which may in part explain its role in the attenuation of excitotoxi-
city.19,20 A deficiency of dietary zinc has also been implicated in the
excitability of glutamatergic neurons.21 Further, zinc is involved in
antioxidant and anti-inflammatory processes, including as a struc-
tural component of superoxide dismutase, maintaining metal-
lothionein concentrations in tissues, sequestering the production
of reactive oxygen species, inhibiting glutathione depletion and
protecting against lipid peroxidation in the brain.22,23 One small
RCT in OCD revealed that zinc supplementation potentiated the
effects of fluoxetine in individuals with moderately severe OCD
(minimum score of 21 on the YBOCS at time of entry), which was
significant within 2-weeks of administration.24 In addition, serum
zinc levels were significantly lower in individuals with OCD com-
pared to healthy controls matched for sex, age, and socioeconomic
status.25

Selenium is an essential trace mineral which interacts primarily
with a class of enzymes and transporters called “selenoproteins,”
many of which are essential antioxidant enzymes. It is an integral
part of the key redox enzymes thioredoxin reductase and GSH
peroxidases, and also possesses anti-inflammatory activity
through suppression of COX-2 enzymes.26 Low serum levels of
selenium have been detected in some individuals with OCD, and a
deficient state of this mineral have been associated with the
development of oxidative stress.27 Further, in selenium deficient
states, the pro-inflammatory COX-2 enzyme becomes upregu-
lated and susceptibility to glutamate induced neurotoxicity
increases, which may result in loss of hippocampal neurons and
damage to glial cells.28

Magnesium is an essential dietary mineral and serves as an
enzymatic co-factor in over 300 biochemical reactions, most nota-
bly in adenosine triphosphate and adenyl cyclase dependent
enzymes.23 Its neurobiological activity includes inhibitory effects
at NMDA receptors, and thus, attenuation of extracellular gluta-
mate release with subsequent neuroprotective effects, particularly
in the hippocampus.29,30 Magnesium supplementation in mice
attenuates anxiety-related behaviors and modulates glutamatergic
and GABAergic transmission, as well as the activity of the hypo-
thalamic–pituitary axis.31,32 P5P, or “activated vitamin B6,” is the
phosphorylated form of pyridoxal (the oxidized form of pyridox-
ine; vitamin B6) and serves as a co-factor in more than 150 enzy-
matic reactions.33 P5P is a rate limiting co-factor in the synthesis of
various neurotransmitters, including decarboxylation reactions
required in the production of dopamine, serotonin, and GABA
as well as noradrenaline andmelatonin.34 Even amild deficiency of
this vitaminmay result in down-regulation of GABA and serotonin
synthesis and subsequent disturbances in sleep, behavior, and
cardiovascular function, with a loss of hypothalamus-pituitary
control of hormone excretion.34

This 20-week, multicenter open-label clinical trial sought to
elucidate the effects of a nutraceutical combination of the afore-
mentioned nutrients, for individuals with treatment-refractory
OCD (TR-OCD). This preliminary study was open-label given
the severe and chronic nature of TR-OCD and necessity for addi-
tional evidence-based treatment approaches for these individ-
uals.35,36 Several other clinical trials involving TR-OCD
participants have adopted this research design.37-40 Open label
designs are arguably more ethical in OCD than in other psychiatric
disorders because of very low placebo response rates in OCD.41,42 It
was hypothesized that the nutraceutical combination would atten-
uate symptoms of OCD as measured by a reduction in Yale-Brown
Obsessive-Compulsive Scale (YBOCS) score from baseline to
week-20 endpoint. Additional benefits were anticipated for allevi-
ating anxiety as well as improving mood, general functioning, and
overall quality of life.

Methods

Participants

Eligible participants were between the ages of 18 and 75 years
with a primary diagnosis of OCD (confirmed with the Structured
Clinical Interview for the DSM-5; SCID-5) of moderate or greater
severity (YBOCS ≥ 16) who had the desire and capacity to
consent to the study and follow its procedures. Participants
had TR-OCD, defined as inadequate responses to a minimum
of three trials of SRIs, one augmentation strategy (eg, an anti-
psychotic or mood stabilizer) as well as engagement in adequate
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CBT therapy specific for OCD (eg, completion of an inpatient
OCD program or minimum 15 sessions of outpatient ERP).
Treatment refractory criteria for the trial were formulated from
the current literature at the time of protocol development and
group consensus from the study psychiatrists experienced in
OCD treatment. Participants who were already receiving stan-
dard treatment for their OCD, for example, psychotropic med-
ication or ERP, were required to be stable prior to entry into the
trial (minimum 12 weeks at consistent doses and/or frequency of
therapy). Participants were excluded if they had a diagnosis of
bipolar disorder, a psychotic disorder, primary diagnosis of an
obsessive–compulsive spectrum disorder/s (secondary diagnosis
permitted); current alcohol/substance abuse (as per SCID-5);
suicidal ideation SIGHD-17 score ≥ 3; were allergic to, or taking
medications with known or suspected negative interactions with
any of the investigated nutraceuticals (eg, anticoagulants such as
warfarin); had a serious or unstable medical condition/s; current
gastrointestinal ulcers; pregnancy and lactation. Further, partic-
ipants were withdrawn from the study if they experienced a
severe deterioration in their OCD (medical monitors were noti-
fied if there was a ≥25% increase in their YBOCS score from
baseline); ceased taking the nutraceuticals for 7+ days; underwent
substantial treatment changes (for example, change in primary
medication or entry into an inpatient OCD CBT program);
emergence of serious side effects/SAEs as (determined by the
medical monitors on a case by case basis); or if a participant
elected to withdraw from the trial at their own volition.

Intervention

Treatment consisted of the nutraceutical combination taken each
day for the 20-week study period in an open-label manner. The
nutraceuticals were taken together in combination, and used
adjunctively to existing psychotropic medication/s, psychological
therapy, or as a monotherapy. Table 1 details the investigated
nutraceuticals and dosages used.

The NAC and L-theanine capsules were supplied by BioCeu-
ticals in line with strict pharmaceutical GoodManufacturing Prac-
tices (GMP). The Zinc (Zinc Drops), Selenium (Selenium Drops),
and Magnesium + P5P (Ultra Musceleze P5P) tablets were also
produced and supplied by BioCeuticals, in line with strict
pharmaceutical GMP.

Measures

Baseline measures
After providing written, informed consent, participants’ demo-
graphic information was obtained including age, gender, edu-
cation level, marital and employment status, country of birth,
and ancestry. A medical, mental health, and treatment history
was also obtained. Height and weight (to calculate body mass
index [BMI]) and blood pressure were also recorded at baseline.
The NetSCID-5,44 a computerized version of the SCID-5, was
used to confirm the diagnosis of OCD, screen for exclusionary
disorders applicable the study (psychosis, bipolar disorder, and
substance abuse/dependence) and to determine the presence of
comorbidities. A condensed version of the SCID-5 was admin-
istered using the following DSM-5 diagnostic modules: mood
disorders, psychotic disorders, substance use disorders, anxiety
disorders, obsessive–compulsive and related disorders, and
gambling disorder.

Outcome measures
The YBOCS—severity scale45 was used as the primary outcome
measure. The YBOCS-severity scale is a 10-item, semi-structured,
clinician administrated instrument that is regarded as the gold
standard for measuring the severity of obsessive and compulsive
symptoms.46 The self-reported Dimensional Obsessive–Compul-
sive Scale (DOCS)47 was used to capture dimensional or thematic
aspects of OCD symptoms as well as their perceived severity. The
DOCS assesses the following symptom dimensions: germs and
contamination; responsibility for harm, injury, or bad luck; unac-
ceptable obsessional thoughts; symmetry, completeness, and exact-
ness. Depressive symptoms were assessed using the Structured
Interview Guide for the Hamilton Depression Rating Scale
(SIGHD-17). Physiological and psychological anxiety symptoms
were assessed using the 21-item, self-reported Beck Anxiety Inven-
tory (BAI).48 The Sheehan Disability Scale (SDS)49 was used to
measure the extent of which three domains (work; social life or
leisure activities; and home life or family responsibilities) were
impaired by mental health symptoms as perceived by the partici-
pant. The clinician-rated Clinical Global Impression scale (CGI)
and patient rated Patient Global Impression scale (PGI) were used
to rate OCD severity and change relative to baseline.50,51 Quality of
life was assessed using the 25-item, self-reported World Health
Organization Quality of Life-BREF (WHOQOL-BREF).52 Adverse
events (AEs) were described qualitatively by the participant at the
start of each post-baseline visit. AEs were further assessed using the
self-reported Systematic Assessment for Treatment Emergent
Events (SAFTEE),53 a 55-item symptom checklist assessing the
presence and severity of emerging side effects. Caffeine was mea-
sured inmilligrams based on standard amounts found in beverages,
for example, instant coffee = 60 mg and black tea = 40 mg.

Procedures

The study was a 20-week, open-label, multicentre, pilot study
conducted at The Melbourne Clinic (TMC) Professorial Unit in
Melbourne, VIC (University of Melbourne); The Royal Brisbane
and Women’s Hospital in Brisbane, QLD (University of Queens-
land) and NICM Heath Research Institute, Westmead, NSW
(Western Sydney University). Recruitment occurred between
August 2017 and May 2020. The study was registered on the
ANZCTR (ACTRN12617001140347) and approved by TMC
Research Ethics Committee (290), WSU Human Research Ethics
Committee (H12331) and UQMedical Research Ethics Committee
(2018000339) prior to recruitment.

Participants were recruited via invitation letters to past
attendees of an OCD inpatient program at TMC, clinician referrals
at each recruitment site, as well as radio and Facebook advertising.
Those who expressed interest in study participation completed a
brief phone screening assessment with a research assistant to
review their treatment and medical history to gauge study suitabil-
ity. Baseline screening appointments were scheduled thereafter.
After providing written informed consent, participants were
assessed by a research assistant (trained via workshops led by
clinicians experienced in OCD assessment) at baseline and every
4 weeks thereafter throughout the 20-week intervention using the
measures outlined above. At each follow-up visit participants were
asked about any significant life events, notable changes in OCD
symptoms, the presence of side effects/new symptoms since last
visit, healthcare visits, treatment changes, and compliance (ie,
recalled missed doses of the nutraceuticals). Alcohol, drug use,
and average daily caffeine intake were also estimated at each study
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visit, and blood pressure taken. At week-8, participants who had
not experienced a ≥35% reduction in their YBOCS score from
baseline were titrated from two capsules twice per day to three
capsules twice per day (where tolerable), of the NAC and L-
theanine capsules (max dose equating to 3000 mg of NAC and
600 mg of L-theanine per day).

Participants were asked to return remaining nutraceuticals at
the end of the study to estimate adherence. Further, at the end of the
20-weeks, participants were entitled to an additional supply of the
nutraceuticals (three containers of NAC and L-theanine capsules,
one bottle of Zinc liquid, one bottle of Selenium liquid, and one
bottle of Magnesium with P5P “Ultramuscleze” [BioCeuticals])
accompanied by a letter with recommended dosage instructions
as specified by the Therapeutic Good Administration (Australia)
and general safety information. The letter also advised the partic-
ipant to discuss with their treating doctor prior to continuing the
nutraceuticals post-study completion.

Data and statistical analysis

The analysis of primary and secondary outcomes was undertaken
using linear mixed effects models (LMMs; R package lme454) and
included all participants with outcome data available. Models
included a random intercept term. Such models account for cor-
relatedmeasurements within individuals and allow for the use of all
available data. For eachmodel, the outcome of interest was the fixed
effect of “time” which represented the mean change in symptoms
between study visits. LMMs included baseline score as a covariate
and a baseline score–by time interaction (to allow treatment
response to depend on baseline severity). For the primary outcome
(total YBOCS), we also investigated an interaction between time
and baseline caffeine intake, and time and number of prior failed
medication therapies, to determine whether either variable modi-
fied treatment response. The likelihood ratio test was used to
determine whether treatment response followed a linear trend. In
the absence of clear evidence of nonlinearity, time was modeled as
linear. A sample size calculation was not performed as we sort to
recruit as many eligible people as possible to this pilot study within
our 3-year recruitment window.

Completed secondary outcome scales included occasional
missed responses for some scale items. Across all visits and partic-
ipants, a total of nine items were missed on the DOCS, two on the
SIGHD, four on the BAI and six on the SDS (<1%missing for each
outcome). These missed item responses were imputed using pre-
dictive meanmatching (R packagemice55) prior to calculating total
scores. Imputation was only used for completed outcome scales
with nomore than one-thirdmissed items, and not for scales which
were not completed (for instance, due to participant dropout). For
outcomes in which treatment response depended on baseline
symptom severity, the estimated follow-up scores were calculated
with the baseline score at its mean. Treatment response was defined
as a≥35% reduction in YBOCS as well as a CGI-I rating of 1 (“very
much improved”) or 2 (“much improved”) at study endpoint.56We
additionally used the criteria of Jacobson and Truax57 to evaluate
the proportion of participants with “reliable” and “clinically
significant” change at study endpoint. A change ≥10 points on
the YBOCS constituted a reliable change and a final total YBOCS
score ≤ 14 constituted a clinically significant change (as YBOCS
scores below this threshold are closer to the normal mean than the
clinical mean).58 For the primary outcome we performed a sensi-
tivity per-protocol analysis, including only participants with high
(>75%) treatment compliance. Additionally, because of the large
proportion of study noncompleters, we performed a sensitivity
analysis to assess the impact of dropout. This sensitivity analysis
was performed using a pattern-mixture model in which intercepts
and slopes are estimated separately for study completers and non-
completers and the results are combined in a weighted average.59 A
P value of <.05 was considered statistically significant. All statistical
analysis was performed using R version 4.0.260 and plots were
produced using R packages sjPlot61 and ggplot2.62

Results

Participant characteristics

A total of 975 people initially expressed interest in the trial, with
only 30 participants being regarded as potentially meeting inclu-
sion criteria (with many not meeting the criteria of TR-OCD).

Table 1. Nutraceutical Dosage Regime in the TRON Study

Nutrient(s) Amount Dose (Elemental) Per Day Recommended Daily Intake1

NAC and L-theanine capsules 2-3a capsules twice per day 2000 mg-3000 mg NAC; 400-600 mg L-theaninea N/A

Zinc liquid 25 drops per day, in water 28 mg elemental zinc Males: 14 mg

Females: 8 mg

Selenium liquid 5 drops per day, in water 113 μg elemental selenium Males: 70 μg

Females: 60 μg

Magnesium + P5P 1 tablet per day 150 mg elemental magnesium; 50 mg P5P Magnesium

Males: 420 mg

Females: 310 mg

P5Pb

Males: 1.7 mg

Females: 1.3 mg

Abbreviations: N/A, not applicable; NAC, N-acetyl cysteine; P5P, Pyridoxal-50-phosphate.
aAt week-8, the NAC and L-theanine capsules were titrated from two to three capsules, twice per day in the event of nonresponse (≤35% reduction from baseline YBOCS score).1 Recommended
daily intakes are taken from the Nutrient Reference Values for Australian and New Zealand.43
bBased on B6 RDI levels.
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These 30 were assessed for study eligibility in a baseline screening
appointment. Two participants were subsequently excluded during
baseline assessment, one because of a SIGHD-17 suicide item
score ≥ 3, the other for deteriorating mental health symptoms.
Both were referred to their treating psychiatrist for ongoing care.
Thus, 28 participants met inclusion criteria and provided written
informed consent to proceed with the trial. Baseline characteristics
of the enrolled participants are shown in Tables 2 and 3.

Of the 28 participants, 13 (46%) completed the 20-week study
intervention, and 15 (54%)were withdrawn at various stages for the
following reasons (note, two participants had dual reasons for
withdrawing): AEs (n = 6), occurrence of an SAE warranting
withdrawal as per study protocol/medical investigators (n = 2),
participant decision due to lack of improvement in OCD (n = 3),
unable to attend follow-up visits (n = 3), lost to follow-up (n = 1),

noncompliance with the investigational product (n = 1), and
approaching expiry of the nutraceuticals (n = 1). Three of the
15 withdrawn participants did not attend a study visit after base-
line. There were 13 (46.4%) participants whose treatment (NAC
and L-theanine capsules) was titrated to a higher dose due to
nonresponse at week 8.

Primary outcome

The primary LMM revealed that OCD symptom severity improved
from baseline (mean = 25.9, SD = 5.05) to week-20 with a mean
change in total YBOCS symptoms of �7.13 (95% CI = �9.24,
�5.01, P < .001), for those with the mean severity at baseline. This
was equivalent to a 28% drop in total YBOCS score for the overall
group. The mean reduction in symptoms between post-baseline
visits was �1.21 points (95% CI = �1.66, �0.764; P < .001).
Estimated follow-upmeans are displayed in Table 4. Notably, there
was a significant baseline YBOCS score by time interaction
(P = .005), with the slope of treatment response greatest in those
with lower symptom levels at baseline (see Figure 1). The estimated
mean treatment response in those with mild baseline symptoms
(baseline YBOCS = 20.6; 20th percentile) was �9.45 points (95%
CI = �12.4, �6.48), while in those with more severe symptoms
(baseline YBOCS = 28.6; 80th percentile) the mean change was
�5.49 points (95% CI = �8.05, �2.94). After accounting for the
interaction between baseline YBOCS score and time, treatment
response was further modified by baseline caffeine intake. Higher
baseline caffeine intake was associated with greater treatment
response, with an increase of one interquartile range in daily
caffeine intake (eg, 50 mg to 232 mg/day; 25-75th percentile)
associated with a 4.04-point greater reduction in YBOCS score
over the trial (P < .001; see Supplementary Figure S1). There was
no evidence to suggest that treatment response was influenced by
the number of prior unsuccessful medication trials (P interac-
tion = .71), after accounting for the interaction between baseline
YBOCS severity and time.

A total of three (23%) participants who completed the trial met
criteria for response (≥35% reduction in total YBOCS scores and
“improved” or “very much improved” on the CGI-I at the final
visit) and an additional two (15%) met criteria for partial response
(>25% and <35% reduction in total YBOCS scores). Finally, three
(23%) were estimated to meet the Jacobson and Truax criteria for
reliable and clinically significant change at endpoint.

In a per-protocol analysis, including only participants with good
compliance (>75%), the estimated mean change in total YBOCS
was not substantively changed (mean change = �7.26, 95%
CI = �9.53, �4.99, P < .001). Finally, in a pattern-mixture model
assessing the influence of participant dropout, the mean change in
total YBOCS score was reduced (mean change = �5.04, 95%
CI = �8.45, �1.62, P = .004).

Secondary outcomes

Estimated follow-up visit means and mean treatment response for
all secondary outcomes are displayed in Table 4. Considering the
YBOCS obsession and compulsion subscales, treatment response
was greatest in thosewith lower symptom levels at baseline (P inter-
action = .085 and P interaction = .020, for obsession and compul-
sion subscales, respectively). Symptoms improved across the trial
for both the obsession (mean change = �3.61; 95% CI = �4.83,
�2.39; P < .001) and compulsion subscales (mean change =�3.50;
95% CI = �4.76, �2.24; P < .001), for those with mean baseline

Table 2. Baseline Participant Characteristics

Characteristic Summary

Age, mean (SD) 38.5 (12.0)

BMI, mean (SD) 26.2 (5.52)

Female sex, n (%) 13 (46.4%)

Married, n (%) 8 (28.6%)

Education

High school graduate or early leaver 5 (17.8%)

College certificate/diploma 10 (35.7%)

University graduate/post-graduate 13 (46.4%)

Employment status

Employed/student 17 (60.7%)

Unemployed 11 (39.3%)

Ancestry

European 22 (78.6%)

Middle eastern 2 (7.14%)

Americas 2 (7.14%)

Other 4 (14.3%)

OCD treatment history

Chronicity of OCD (years), median (IQR) 17.5 (13)

Number of unsuccessful prior medication trials,
median (IQR), min-max

7 (1.5), 4-15

Prior psychotherapy, n (%) 28 (100%)

Exposure and response prevention, n (%) 18 (64.3%)

OCD inpatient programs, n (%) 5 (17.9%)

Current medication

SSRI or SNRI, n (%)a 21 (75.0%)

Antipsychotic, n (%)b 6 (21.4%)

Benzodiazepine, n (%)c 7 (25.0%)

Atypical, tricyclic or other antidepressant, n (%)d 7 (25.0%)

aCitalopram (n = 1), escitalopram (n = 4), fluoxetine (n = 3), fluvoxamine (n = 3), paroxetine
(n = 1), sertraline (n = 7), venlafaxine (n = 1), and desvenlafaxine (n = 1).
bQuetiapine (n = 4), risperidone (n = 1), and aripiprazole (n = 1).
cAlprazolam (n = 1) lorazepam (n = 2), diazepam (n = 2), and clonazepam (n = 1).
dClomipramine (n = 4), amitriptyline (n = 1), mirtazapine (n = 1), agomelatine (n = 1), and
lithium (n = 1).
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severity for each measure. For the DOCS, the slope of treatment
response was similarly greatest in those with lower symptom levels
at baseline (P interaction = .022; see Figure 2). The estimated mean
change in symptoms for those with the mean baseline DOCS score
was�9.23 (95% CI =�13.2,�5.25; P < .001). For the SIGHD and
BAI, there was little evidence that treatment response depended on
baseline severity (P interaction = .54 and P interaction = .18,
respectively). For the SIGHD, depressive symptoms improved
across the trial with a mean change across the trial of �5.38
(�7.16, �3.59, P < .001) points. For the BAI, the mean change
across the trial was�9.80 (95%CI =�12.9,�6.73, P < .001) points.
Finally, for the SDS, there was no clear evidence that treatment

response depended on baseline severity (P interaction = .17). Self-
reported disability improved over the trial with a mean change of
�4.69 points (95% CI = �6.55, �2.83, P < .001).

On the clinician-rated CGI-I, three (25%) were rated as “very
much improved,”with seven (58%) rated as “minimally improved”
and two (17%) rated as “no change” at the final study visit (week-
20). On the participant-rated PGI-I, one participant (8%) reported
being “very much better,” five (42%) reported being “much better,”
four (33%) reported being “a little better” and the remaining two
(17%) reported “no change” at study completion. Finally, for item
1 of the WHOQOL-BREF (“How would you rate your quality of
life?”), eight (67%) study completers reported a quality-of-life score
higher than their initial baseline score, while quality of life for the
remaining four (33%) of participants was unchanged.

Safety data

Eight participants were withdrawn from the study due to AEs.
Three of these withdrawals were the participant’s decision. One
elected to withdraw due to feelings of agitation, one due to sedation,
nausea, and tachycardia, and one due to digestive complaints. Two
participants were withdrawn by the study investigators, one for
experiences of vivid dreams and fatigue, and a second for worsen-
ing physical and mental health and noncompliance with the nutra-
ceuticals. A further participant withdrew based on advice from
their general practitioner following an elevated C-reactive protein
test. Finally, two participants experienced serious AEs (SAEs) and
were withdrawn from the study. The SAEs were both exacerbation
inOCD symptoms requiring inpatient admission. Both events were
deemed “unlikely” to be related to the study treatment. Across the
study, the most reported AEs were nausea (n = 9), which was
associated with vomiting in two participants, diarrhea (n = 3),
headache (n = 3), constipation (n = 3), reflux (n = 3), and gustatory
disturbance (n = 3). Gastric AEs were typically transient and
resolved at subsequent visits (however two participants were with-
drawn due to this reason). These AEs often improved following
advice to consume the nutrients with food.

Table 3. Baseline Psychological Features

Baseline Characteristics Summary

YBOCS total, mean (SD) 25.9 (5.07)

YBOCS obsessions subscale, mean (SD) 12.6 (2.33)

YBOCS compulsions subscale, mean (SD) 13.3 (3.30)

DOCS total, mean (SD) 37.4 (16.4)

BAI total, mean (SD) 21.1 (13.3)

SIGHD total, mean (SD) 12.7 (8.08)

SDS total, mean (SD) 17.2 (7.12)

WHOQOL-BREF item 1, n (%)a

Very poor 0

Poor 10 (37.0%)

Neither poor nor good 9 (33.3%)

Good 8 (29.6%)

Very good 0

Abbreviations: BAI, Beck Anxiety Inventory; DOCS, Dimensional Obsessive–Compulsive Scale;
SDS, The Sheehan Disability Scale; SIGHD, Structured Interview Guide for the Hamilton
Depression Rating Scale; WHOQOL-BREF, World Health Organization Quality of Life-BREF;
YBOCS, Yale-Brown Obsessive–Compulsive Scale.
a“How would you rate your quality of life?”

Table 4. Estimated Mean Follow-up Scores for Primary and Secondary Outcomes

Measure

Week-4 Mean
(95% CI)

Week-8 Mean
(95% CI)

Week-12 Mean
(95% CI)

Week-16 Mean
(95% CI)

Week-20 Mean
(95% CI)

Estimated Change Score
(95% CI)

n = 23 n = 23 n = 17 n = 13 n = 13

YBOCS total 23.0 (21.1, 24.9) 21.8 (20.0, 23.6) 20.6 (18.8, 22.4) 19.4 (17.5, 21.3) 18.2 (16.1, 20.3) �7.13 (�9.24, �5.01,
P < .001)

YBOCS
obsession

11.4 (10.4, 12.5) 10.8 (9.78, 11.7) 10.1 (9.11, 11.1) 9.45 (8.38, 10.5) 8.79 (7.57, 10.0) �3.61 (�4.83, �2.39,
P < .001)

YBOCS
compulsion

11.6 (10.4, 12.7) 11.0 (9.91, 12.2) 10.5 (9.36, 11.6) 10.0 (8.77, 11.1) 9.40 (8.14, 10.7) �3.50 (�4.76, �2.24,
P < .001)

DOCS 32.1 (28.7, 35.5) 30.8 (27.6, 23.9) 29.4 (26.3, 32.6) 28.1 (24.7, 31.6) 26.8 (22.8, 30.8) �9.23 (�13.2, �5.25,
P < .001)

SIGHD 9.98 (8.57, 11.4) 9.14 (7.92, 10.4) 8.30 (7.06, 9.54) 7.46 (6.02, 8.90) 6.62 (4.84, 8.40) �5.38 (�7.16, �3.59,
P < .001)

BAI 17.4 (14.7, 20.1) 15.8 (13.2, 18.3) 14.1 (11.6, 16.7) 12.5 (9.78, 15.3) 10.9 (7.84, 14.0) �9.80 (�12.9, �6.73,
P < .001)

SDS 13.8 (12.2, 15.4) 13.0 (11.5, 14.4) 12.1 (10.6, 13.6) 11.2 (9.59, 12.8) 10.3 (8.47, 12.2) �4.69 (�6.55, �2.83,
P < .001)

Note: Follow-up means and 95% confidence intervals are estimated from linear mixed effects models adjusted for baseline score. All follow-up means and change scores are calculated with
baseline score at its mean value.
Abbreviations: BAI, Beck Anxiety Inventory; DOCS, Dimensional Obsessive–Compulsive Scale; SDS, The Sheehan Disability Scale; SIGHD, Structured Interview Guide for the Hamilton Depression
Rating Scale; WHOQOL-BREF, World Health Organization Quality of Life-BREF; YBOCS, Yale-Brown Obsessive–Compulsive Scale.
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Discussion

To our knowledge, this pilot study represents the first to explore the
use of a nutraceutical combination for OCD, and particularly for a
treatment-resistant population. Although our study was open-
label, it is noteworthy that this sample had chronic TR-OCD
symptoms, and thus any clinical improvement was clinically
meaningful. Our results revealed that the combination of NAC,
L-theanine, selenium, zinc, magnesium, and P5P had a modest
clinical effect in respect to reducing OCD symptoms on both the
YBOCS and theDOCS. It was also found to reduce depressedmood
and anxiety and improve quality of life.

Of note is that treatment response appeared to depend on
baseline severity with regard to OCD symptom outcomes (ie,
YBOCS and DOCS). However, there was no clear indication that

baseline severity modified treatment response on other outcomes
(SIGHD, BAI, and SDS). Those with lower symptom levels may be
more likely to benefit, and potentially could be deemed relatively
less “treatment-resistant.” These contrasts with the treatment of
major depressive disorder, which tends to provide a greater relative
symptom reduction with pharmacotherapies in cases of more
severe symptomatology (whereas for milder symptom levels med-
ication is equivalent to placebo).63 There was also evidence that
those with higher baseline caffeine intake were substantially more
responsive to the treatment than those with low baseline caffeine
intake. Notably, two small double-blind trials, one comparing
caffeine to dextroamphetamine and one comparing caffeine with
placebo, both found preliminary supportive evidence for the effi-
cacy of caffeine in TR-OCD.64,65 These results suggest it is plausible
that there may have been a synergistic interaction between caffeine

Figure 1. Treatment response on total YBOCS by baseline severity. Treatment response on the YBOCS at the 20th (20.6), 50th (26.0), and 80th percentiles (28.6) of baseline total
YBOCS severity. YBOCS, Yale-Brown Obsessive–Compulsive Scale.

Figure 2. Treatment response on total DOCS by baseline severity. Treatment response on the DOCS at the 20th (18.0), 50th (33.5), and 80th percentiles (49.4) of baseline DOCS
severity. DOCS, Dimensional Obsessive–Compulsive Scale.
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and the treatment formula in this study, particularly given that
L-theanine is well known to interact synergistically with caffeine.66

Exploring the nature of this potential synergism is a promising
avenue for further research.

Our prior systematic review exploring the principal nutraceu-
tical in this formulation (NAC) for OCD and related disorders
(OCRD)67 found that the balance of evidence supported the use of
NAC in presentations ofmoderate-severity OCD andOCRD, and a
more recent meta-analysis supported a small but significant
improvement in OCD symptoms from add-on NAC.68 Doses of
2.4 to 3 g/day for a minimum of 8 weeks were considered adequate
for providing an initial therapeutic effect. However, even within
these patient groups, response rates are variable, and some reports
have not confirmed efficacy (particularly in treatment-resistant
populations). Additionally, our recent 16-week, double-blind
RCT69,70 using 3 g/day of NAC (1.5 g twice daily) in 44 participants
with DSM-5 diagnosed OCD, while revealing a nonsignificant
time � treatment interaction for the YBOCS scale total score, did
show a significant time � treatment interaction for the YBOCS
“Compulsions” subscale in favor of NAC at week-12 (P = .013). So,
the question remained in terms of whether additional nutraceuti-
cals to NAC, with some potentially beneficial mechanistic interac-
tion would further enhance treatment efficacy beyond
improvement of compulsive symptoms. This study, while provid-
ing benefit in some individuals, needs to be confirmed in a larger
RCT in those with treatment-resistance. There is particular poten-
tial for its application in those with lower OCD symptom levels.

Clinically, it is worth noting that several participants had gas-
trointestinal problems when consuming the nutrient combination.
While the 2 to 3 g of NAC used in the study appeared to be well-
tolerated, it did potentially cause mild to moderate gastrointestinal
effects. This was noted to be the most common symptom in our
previous NAC studies (potentially due to the irritant effect of the
sulfur-based compound). This was largely offset by the recommen-
dation of co-consumption with or after food (this irritation could
also be due to the zinc). Further, some symptoms, such as dizziness,
agitation, and insomnia, were present in some participants, and
were likely unrelated to study medications as such symptoms are
common in people with anxiety or may be due to either a nocebo
reaction or a psychosomatic experience in this population. How-
ever, an interaction with medications such as SRIs (potentially
increasing serotonergic activation) are also possible. A future
placebo-controlled study could elucidate this.

The current study has several limitations. Firstly, it was an open-
label design (though as noted previously placebo response rates
may be lower in OCD than comparable disorders, and such pilot
studies are crucial to determine feasibility for future larger RCT
designs).42,71 Another limitation was that while the study included
people with OCD who were on “treatment as usual,” potential
effect-modifying factors were present with participants taking
different types of medications, or psychological interventions.
The study was not adequately powered to assess differences in
subgroups. Overall sample size was modest, and there was a high
withdrawal rate, which is common in themore severe presentations
of psychiatric disorders. This high withdrawal rate is a recognized
limitation and may have led to estimated treatment effects being
inflated, as participant withdrawal may have coincided with wors-
ening mental health symptoms. Indeed, there was a 30% smaller
estimated treatment effect in the pattern-mixture model, which
accounted for different treatment response between completers
and noncompleters. We also did not measure blood levels of
relevant nutrients, as this would help to test the pharmacokinetics

and serum levels in relation to efficacy, in addition to compliance.
Regardless, our study had a 20-week interventional period, and
thus should have duration long enough for any potential benefits to
be apparent. Additionally, it is recognized that the pharmacokinetic
and pharmacodynamic interaction between the nutrients (and
potential synergy) is at present unknown and needs to be teased
out in preclinical and clinical models. Other nutrients which have
antioxidant effects potentially dampening glutaminergic neurotox-
icity, such as vitamin C and B12, may also be of benefit. Finally, the
treatment effects reported in this study are likely to be overstated as
open-label trials are subject to bias by placebo effects and other
nonspecific effects (such as regression to the mean, Hawthorne
effects, and disease natural course variation).72 OCD patients may
have slow and steady improvements on SSRI treatments for periods
longer than 12 weeks, and so a longer waiting period for those who
recently commenced new treatments may have been required.73,74

Strengths of the study include the use of a titration mechanism for
those who were initially nonresponsive, and that the use of a
multinutrient combination provided the potential for synergistic
neurobiological activity beyond the usual monotherapy approach.
Further research to experiment with formulation adjustments and
use in concert with ERP may also be beneficial.

In conclusion, this pilot study tentatively supports the benefits
of nutraceuticals for the treatment of OCD and encourages further
research into their effectiveness and their place within current
treatment guidelines for OCD.
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