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Patients meeting criteria for the risk syndrome for psychosis have treatment needs including
positive and negative symptoms and cognitive impairment. These features could potentially
respond to NMDA glycine-site agonists. The present objective was to determine which symptoms
or domains of cognition promise to show the greatest response to glycine in risk syndrome
patients. We conducted two short-term pilot studies of glycine used without adjunctive
antipsychotic medication. In the first trial, 10 risk syndrome subjects received open-label glycine
at doses titrated to 0.8 g/kg/d for 8 weeks, followed by discontinuation and 16 weeks of evaluation
for durability of effects. In the second, 8 subjects were randomized to double-blind glycine vs.
placebo for 12 weeks, followed by open-label glycine for another 12 weeks. Patients were
evaluated every 1-2 weeks with the Scale Of Psychosis-risk Symptoms (SOPS) and before and
after treatment with a neurocognitive battery. Within-group and between-group effect sizes were
calculated. Effect sizes were large for positive (open-label within-group 1.10, double-blind
between-group —1.11) and total (-1.39 and —1.15) symptoms and medium-to-large (-0.74 and —
0.79) for negative symptoms. Medium or large effect sizes were also observed for several
neurocognitive measures in the open-label study, although data were sparse. No safety concerns
were identified. We conclude that glycine was associated with reduced symptoms with promising
effect sizes in two pilot studies and a possibility of improvement in cognitive function. Further
studies of agents that facilitate NMDA receptor function in risk syndrome patients are supported
by these preliminary findings.

Keywords
Glycine; NMDA receptor; Risk syndrome; Prodrome; Psychosis; Schizophrenia

1. Introduction

The N-methyl-o-aspartate receptor (NMDAR) hypoactivity model is a leading hypothesis
about the neurobiology of schizophrenia (Javitt and Zukin, 1991; Kantrowitz and Javitt,
2010; Kim et al., 1980; Krystal et al., 2002; Olney et al., 1999). This hypothesis is based in
part on exacerbation of positive and negative symptoms and cognitive impairment in
schizophrenia patients by NMDAR antagonists such as ketamine and the production of
similar effects in healthy humans. Evidence suggests NMDAR hypoactivity may connect to
other prominent models of psychosis (Feinberg, 1982; Howes and Kapur, 2009; McGlashan
and Hoffman, 2000) by contributing to the development of dopamine hyperactivity in
striatum (Carlsson et al., 1999; Laruelle et al., 2003) and cortical synaptic plasticity deficits
(Collingridge and Singer, 1990; Newcomer and Krystal, 2001; Olney et al., 1999; Shi et al.,
1999).

Over the past 15 years, researchers have attempted to identify patients in the prodromal
phase of psychotic disorders prospectively, based primarily on subsyndromal psychotic-like
or “attenuated” positive symptoms (Miller et al., 2002; Yung et al., 1996). Since the term
“prodrome” traditionally carries a retrospective connotation, the alternative terms “risk
syndrome for psychosis” (Woods et al., 2009), “at-risk mental state,” “ultra high risk,”
“clinical high risk,” and most recently “attenuated psychosis syndrome” or “APS”
(Carpenter and van Os, 2011) have been proposed. A recent meta-analysis of 27 studies
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suggested that the average rate of transition to full psychosis among such patients is 22% by
one year and 36% by three years (Fusar-Poli et al., 2012). Structural thinning of cerebral
cortex (Pantelis et al., 2003) and increased striatal uptake of dopamine precursor (Howes et
al., 2011), neurobiological findings typical of established schizophrenia, have been reported
at baseline in risk syndrome patients who later progress to psychosis, findings which
increase in magnitude after progression to psychosis has occurred.

In addition to carrying substantial risk for transition to frank psychosis, risk syndrome
patients meet general mental health standards for current illness (Ruhrmann et al., 2010) in
that at presentation they display distressing current symptoms and functional and cognitive
impairment (Woods et al., 2001, 2010). Intervention studies have begun to address these
patients’ prevention needs (Amminger et al., 2010; McGlashan et al., 2006; McGorry et al.,
2002; Morrison et al., 2004; Yung et al., 2011), and some have started to investigate current
clinical state as a treatment target (Amminger et al., 2010; McGorry et al., 2002; Ruhrmann
etal., 2007; Woods et al., 2003, 2007; Yung et al., 2011). Medication treatment studies have
primarily focused on use of antipsychotics, but there is a compelling need for investigation
of other treatments with fewer adverse effects such as the current effort and the recent
omega-3 fatty acid study (Amminger et al., 2010).

Glycine is an amino acid neurotransmitter in brain that acts at the glycine/D-serine
modulatory site on the NMDAR as a full coagonist with glutamate (Javitt, 2006). Based on
the hypothesis that the risk syndrome may reflect an NMDAR hypofunction state, we tested
the therapeutic effects of glycine in risk syndrome patients in two small, short-term pilot
studies initiated in preparation for future more definitive trials.

2. Experimental procedures

The first pilot study assessed whether the size of any beneficial effect of glycine in this
population promises to be clinically meaningful (Kraemer et al., 2006) and what might best
be identified as the principal therapeutic target in future studies. An open-label design was
employed. Since within-active-drug effect sizes in psychosis can be lower with placebo-
controlled designs than when only active medication is employed (Woods et al., 2005), we
also conducted a second small placebo-controlled study with similar aims. Glycine was used
in both studies without adjunctive antipsychotic medication.

2.1. Subjects

Potential subjects or their families or providers were informed about the symptoms of the
risk syndrome for psychosis through a variety of ongoing community education efforts and
were invited to call our research clinic if concerned. Adult subjects gave written informed
consent, and minors gave written informed assent with consent from a parent or guardian.
Subjects were included in either study if they were treatment-seeking outpatients 14 to 35
years old who met diagnostic criteria for a possible risk syndrome (see below). Subjects
were excluded for any of the following reasons: (1) past or current DSM IV criteria for any
lifetime psychotic disorder, (2) judged clinically to suffer from a psychiatric disorder (e.g.,
mania, depression, ADHD) which could account for the inclusion symptoms, (3) presented
with inclusion symptoms occurring primarily as sequelae to drug or alcohol use, (4) alcohol
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or drug abuse or dependence in the past three months, (5) use of antipsychotic medication in
the previous three months, (6) change in dosage of any antidepressant, anxiolytic,
psychostimulant, or mood stabilizer medication within eight weeks.

The Criteria of Psychosis-risk Syndromes (COPS) diagnostic criteria were used to identify
subjects as eligible (McGlashan et al., 2010). The COPS criteria are based primarily on
subthreshold levels of positive symptoms and operationally define three risk syndromes
originally articulated by the Melbourne group (Yung et al., 1996): Attenuated Positive
Symptom Syndrome, Brief Intermittent Psychotic Syndrome, and Genetic Risk and Recent
Functional Decline Syndrome. The rationale for these syndromes, their definitions, and
evidence for their reliability and validity have been published previously in detail
(Addington et al., 2007; Miller et al., 2002, 2003; Woods et al., 2009). The Attenuated
Positive Symptom Syndrome usually accounts for the preponderance of the cases. In
general, positive symptoms are considered subsyndromal or “attenuated” when they remain
relatively unformed, relatively infrequent, and are identified by the subject as possibly a
trick of their imagination (McGlashan et al., 2010). Both studies required a minimum total
score of 20 on the Scale of Psychosis-risk Symptoms (SOPS, see Assessments) for
inclusion.

2.2. Study design

Subjects were enrolled in the first study between February 2003 and May 2004 and in the
second study between March 2006 and May 2008. All subjects were enrolled in the PRIME
(Prevention through Risk Identification Management and Education) Research Clinic at
Yale University. The majority of subjects in the first pilot were seen in Hartford via
collaboration with the Olin Center at the Institute of Living. All subjects in the second pilot
were seen in New Haven. The Yale Human Investigation Committee institutional review
board approved both protocols.

The first study used an open-label design over 8 weeks. Glycine was obtained from
Ajinomoto USA Inc. as bulk powder. Glycine powder was dispensed under IND 41,851
(JHK) to subjects in prescription vials with instructions to dissolve the full contents of one
vial in 8 ounces of fluid and take by mouth twice daily with meals. Glycine was
discontinued after 8 weeks. Subjects were followed off study medication with biweekly
visits for 16 more weeks.

The second study used a double-blind placebo-controlled design over 12 weeks. Since
glycine is naturally sweet, sucrose (table sugar) was used as the placebo. Glycine and
placebo were dispensed under IND 33,515 (DCJ) as one of two proprietary formulations
developed by Glytech, Inc. Dosing was initiated with small microencapsulated beads or
“sprinkles” (80% glycine by weight), with placebo consisting of microencapsulated sucrose.
Recommended administration of the sprinkles was to spoon them onto pudding or
applesauce and swallow them with minimal chewing. Since earlier product testing by
Glytech revealed that a few individuals did not like the somewhat granular texture of the
sprinkles, subjects could switch to a second Glytech formulation, consisting of proprietary
pre-flavored glycine or sugar powders to be dissolved in 8 ounces of water. After 12 weeks
all subjects had the option to receive open-label active glycine for a further 12 weeks.
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In both studies glycine dosing was fixed at an initial dose of 0.2 g/kg q.h.s for 3 days, then
0.2 g/kg b.i.d. for 4 days, then 0.2 g/kg in the a.m. and 0.4 g/kg in the p.m. for 4 days, and
finally 0.4 g/kg b.i.d. Subjects weighing > 100 kg were limited to a total daily dose of 80 g
daily.

2.3. Assessments

All assessments were administered weekly for the first 6 weeks and then every 2 weeks
thereafter. The principal outcome measure was the Scale Of Psychosis-risk Symptoms
(SOPS) (McGlashan et al., 2010), a 19-item severity scale with five positive symptom items,
six negative symptom items, four disorganization items, and four general symptom items
designed to capture severity of subsyndromal symptoms. Each item is scaled 06, with 0-2
being the normal range, 3-5 being the risk syndrome range, and 6 being severe and
psychatic for the positive symptoms and very severe for the other symptoms. Excellent
reliability has been demonstrated across the range of symptoms (Lencz et al., 2003; Miller et
al., 2003). Factor analysis supports the validity of the SOPS subscales (Hawkins et al.,
2004). Both the SOPS total score and the SOPS positive symptom subscale subtotal have
previously been shown to be sensitive to short-term treatment effects in the risk syndrome
population (McGlashan et al., 2006; Woods et al., 2003). Treatment response was defined as
all five SOPS positive symptom items being rated below the risk syndrome range (i.e. <2).
The Montgomery—Asberg Depression Rating Scale (MADRS, see Supplementary file for
citation) was used to rate depressive symptom severity at baseline and monthly. Global
assessment of functioning (GAF, Supplementary file) was also acquired at baseline.

Neuropsychological assessments included tests of processing speed: Trails A and Stroop
Color Word Test; verbal memory: Auditory Verbal Learning Task (AVLT), using alternate
forms; executive functioning: Wisconsin Card Sort Test (WCS), semantic (category)
fluency, and Controlled Oral Word Association (FAS) Test of phonemic fluency; and
attention and working memory: The Continuous Performance Task (CPT) identical pairs
version, letter—number sequencing, N-back, and Trails B. Citations for these tests are
included in the Supplementary file. Follow-up neuropsychological assessments were
conducted at 8 weeks in the open-label pilot and at 12 weeks in the double-blind pilot.

Safety was assessed by analyzing treatment-emergent adverse events (Systematic
Assessment For Treatment Emergent Events, SAFTEE, specific inquiry method, see
Supplementary file), vital signs, weight, and laboratory evaluations. Treatment-emergent
adverse events were defined as those occurring at the moderate level or higher at any time
point and representing an increase over baseline.

2.4. Data analysis

A descriptive approach has been recommended for statistical analysis of pilot studies rather
than a hypothesis-testing approach (Lancaster et al., 2004), and a descriptive analysis of
efficacy focusing on effect size provides a useful metric for comparison to previous
treatment studies with other medications in risk syndrome patients and to glycine treatment
studies of frank schizophrenia. Treatment effects were first evaluated by calculating last-
observation-carried forward (LOCF) change scores, at the same 8-wk time point in both
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studies to facilitate comparison. Cohen's d effect sizes (Cohen, 1988) were then calculated,
for within-group change from baseline, and in the case of double-blind glycine vs. double-
blind placebo, between groups. Following Cohen, effect sizes were classified as “small”
(0.2), “medium” (0.5), or “large” (0.8). Because some readers may be more familiar with
hypothesis testing, we also indicate when the p-value for the paired or Student's t-test or
Fisher's exact test was <0.05. Tests of differences at baseline compared open-label vs.
double-blind glycine and double-blind glycine vs. placebo. Proportions endorsing treatment
emergent increases in SAFTEE items were compared by visual inspection.

3.1. Subject characteristics

Ten subjects enrolled in the first study, and eight in the second study. Demographic data are
shown in Table 1. The double-blind glycine group did not differ significantly from the open-
label glycine group or the double-blind placebo group on any measure. Subjects were
generally in their midto-late teens and roughly three-quarters were male and roughly two-
thirds Caucasian. GAF scores were in the midto-low 40s (severe impairment). All subjects
met criteria for the SIPS-defined Attenuated Positive Symptom risk syndrome subtype. The
subjects were all studied before the recently-proposed DSM-5 criteria (Carpenter and van
Os, 2011) were drafted; thus it cannot be stated with certainty whether subjects would have
met the DSM-5 criteria.

Baseline psychotropic medication is also summarized in Table 1. Antidepressant medication
had been prescribed to 25-30%. Although the entry criteria would have permitted patients to
continue other psychotropic medications at baseline if doses were stable at least 8 weeks,
none of the recruited subjects were prescribed other psychotropic medication at baseline.
Entry criteria also would have permitted subjects to have received substantial prior anti-
psychotic treatment so long as it was not in the past 3 months; however, lifetime
antipsychotic histories in the recruited subjects were minimal. Subject 630 took one lifetime
dose of antipsychotic 6 months prior to entry, and subject 718 took one lifetime day of
antipsychotic a year prior to entry.

Table 2 shows baseline scores on clinical efficacy measures and Supplemental Table 1 those
on cognitive measures. SOPS total scores were in the high 30s, similar to those from
previous treatment studies from our group (Woods et al., 2003, 2007; Woods and
McGlashan, 2010). Neuropsychological functioning scores at baseline also were similar to
those from a previous treatment study (Woods et al., 2007), with the possible exceptions of
lesser baseline impairment on the N-back tests in the open-label glycine group and on Trails
B in both glycine groups. Baseline values for the double-blind glycine group differed
significantly from the open-label glycine group or the double-blind placebo group only for
WCS perseverative errors (more impaired than either comparison group) and for WCS
categories completed (more impaired than for double-blind placebo).

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2014 May 20.
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3.2. Subject disposition

Seven of 10 subjects (70%) completed 8 weeks in the open-label glycine study (Figure 1).
The remaining subjects dropped at 2 weeks (lack of efficacy), at 3 weeks (also lack of
efficacy), and at 5 weeks (lost to follow-up). There were no changes in concomitant
medication. Three of four subjects (75%) completed 8 weeks of double-blind glycine; the
fourth subject was withdrawn at 5 weeks due to nonadherence. Three of four subjects (75%)
also completed 8 weeks of double-blind placebo; the one noncompleter was withdrawn at 3
weeks due to conversion to frank psychosis and institution of rescue antipsychotic
medication. Two placebo subjects missed one or more rating visits (637 and 671). There
were no changes in concomitant medication over the first 12 weeks.

3.3. Continuous efficacy outcomes at 8 weeks

Table 3 shows LOCF effect sizes for SOPS and MADRS measures at 8 weeks. In the open-
label study the within-group effect size for the SOPS total score was large at —1.39. Effect
sizes for most SOPS subscales were also large, with the lowest being medium-to-large for
negative symptoms at —0.74. For the active glycine arm in the double-blind study, SOPS
within-group effect sizes were generally medium or medium-to-large, with the positive
symptom effect size being large and disorganization symptoms showing little change. For
the placebo arm in the double-blind study, SOPS within-group effect sizes were generally in
the medium range, in the direction of worsening. Glycine vs. placebo between-group effect
sizes were large for the SOPS total score (-1.15) and large or medium-to-large for all
subscales, with negative and disorganization symptoms being least strongly affected.
Depressive symptoms on the MADRS showed only a medium effect size in the open-label
study but larger effect sizes in the double-blind pilot.

Supplemental Table 2 shows endpoint change scores and effect sizes for neuropsychological
functioning measures. Findings must be interpreted with caution due to small sample sizes
and missing data. In the open-label pilot, three of four tests of processing speed showed
medium or large within-group effect sizes in the direction of improvement, as did both tests
of verbal memory, and three of four tests of executive functioning. Findings on attention and
working memory showed less consistent effects, with a medium or large within-group effect
size in the direction of improvement on four of 10 tests (2- and 3-digit CPT performance,
LNS, and Trails B) but in the direction of worsening on two others (4-digit CPT
performance and reaction time). Data are even sparser in the double-blind study, with only
one subject on some measures due to missing data. In the active glycine arm, however, all
four tests of processing speed showed medium or large within-group effect sizes in the
direction of improvement, as did both tests of verbal memory. Two of four tests of executive
functioning showed similar effects, but one (WCS perseverative errors) showed an opposite
effect. As in the open-label study, double-blind active glycine findings showed a medium or
large within-group effect size in the direction of improvement on 4/10 tests of attention and
working memory. Between-group effect sizes in the large range favored glycine for two of
four processing speed measures and for two of four executive functioning measures; in each
case, however, one of the four measures showed a between-group effect size in the large
range favoring placebo.

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2014 May 20.
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3.4. Categorical efficacy outcomes at 8 weeks

Of the seven completers in the open-label study, four met response criteria during the 8
weeks on glycine (cases 462, 466, 505, and 514; individual SOPS total scores are shown in
Figure 1). Two of these had received antidepressant medication at baseline. In case 466 the
antidepressant dose had been unchanged for 2 years; in case 514 the antidepressant dose was
increased 8 weeks prior to baseline. In the double-blind pilot, no subjects met response
criteria by 8 weeks. One glycine subject converted to psychosis at week 4 (Figure 2, case
718). None of the glycine-treated subjects converted to psychosis during the study.

3.5. Efficacy outcomes after 8 weeks

After 8-wk completion and glycine discontinuation in the open-label pilot, seven subjects
participated in off-drug follow-up, of whom six completed the full 16 additional weeks.
Among the four subjects completing open-label glycine as responders, all maintained
response throughout follow-up at all or nearly all visits. Two of the three on-drug
nonresponders achieved response intermittently during off-drug follow-up. The third subject
(459) underwent several antidepressant adjustments after 8 weeks; otherwise, there were no
concomitant medication changes.

The three double-blind active glycine subjects and the two double-blind placebo subjects
who continued on assignment from weeks 8 to 12 showed little additional change, so that
the 12 wk LOCF between-group effect size for the SOPS total score was similar at —1.23.
After 12 weeks, the three double-blind active glycine subjects continued on open-label
glycine to 16, 20, and 24 weeks without meeting response criteria. One former placebo
subject (634) began and completed 12 weeks of open-label glycine and also did not respond.
Subject 630 underwent antidepressant dose changes during glycine extension; otherwise
there were no concomitant medication changes.

Patients in the open-label pilot all contributed to the North American Prodromal
Longitudinal Study phase one federated database (Woods et al. 2009), a project that
provided for follow-up evaluations up to 24 months after the end of glycine study
participation. Five of the 10 subjects converted to psychosis during this period; the
remaining five had not converted at the time of last observation. Although patients in the
double-blind pilot did not undergo structured follow-up after the study, one patient was
known to have converted to psychosis after glycine study participation (630).

3.6. Adverse events (AEs)

Several AEs were endorsed as emerging during treatment in the open-label pilot (Table 4);
however, none of these effects were endorsed with double-blind glycine and some were
endorsed with placebo.

3.7. Vital signs, weight, clinical laboratory values

Table 5 shows effects on vital signs and weight (for baseline values see Supplemental Table
3). There was a medium-sized adverse effect of glycine vs. placebo on systolic blood
pressure, however, the highest endpoint value in a double-blind glycine subject was 131
mmHg, and little effect was observed with open-label glycine. Supplemental Table 4 shows

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2014 May 20.
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baseline values for clinical laboratory examinations, and Supplemental Table 5 shows
endpoint change values. Laboratory examination data in the placebo-controlled pilot again
was sparse, with only two subjects having complete data in the active arm and one in the
placebo arm. Leukocytes fell in the two double-blind glycine subjects; these subjects
however, entered with relatively high leukocyte counts (Supplemental Table 4) which then
fell to the middle of the normal range during glycine treatment. Serum potassium showed
adverse effect sizes in the medium range in the open-label pilot and in the large range in
double-blind study; however, the lowest endpoint value in either study was 3.9 meg/L
(normal range 3.5-5.0). Large adverse effect sizes for sodium and chloride in the double-
blind study were similarly not associated with out-of-range individual values.

4. Discussion

The principal findings of these two small pilot studies are that short-term treatment of risk
syndrome patients with glycine used as stand-alone medication led to beneficial symptom
outcomes that were not seen in a small placebo sample. These beneficial outcomes generally
were associated with medium or large effect sizes. The open-label study raises the
possibility of cognitive benefits as well. These findings pave the way for pivotal studies to
test efficacy and suggest that such studies could be powered for medium effect sizes with
samples in the range of 60-70 per group and that such studies could anticipate definitive
results.

Perhaps more so than for many pilot studies, the main limitation for interpreting the present
findings is the small samples. This limitation is highlighted by consideration in Table 3 of
the worsening in the double-blind placebo group, which contributes to the medium and large
glycine vs. placebo between-group effect sizes. As Figure 2 shows, this group worsening is
nearly all attributable to the one placebo-treated patient who converted to psychosis.
Another limitation is that 25-30% of subjects were received antidepressants at baseline,
although doses were required to be stable for 8 weeks or longer at enrollment. A strength of
these pilots is that the subjects appear to be similar to those who volunteered for previous
risk syndrome intervention studies. In particular, the average age of 15-17, the current GAF
score in the 40's or high 30's, the male preponderance, and the SOPS total scores in the high
30's (Tables 1 and 2) are all consistent with previous studies (Woods et al., 2003, 2007), as
are the MADRS scores in the teens (Woods et al., 2003).

The symptom effect sizes shown in Table 3 in these risk syndrome patients appear generally
larger than those observed with glycine for established schizophrenia. A recent meta-
analysis (Tsai and Lin, 2010) reported pooled glycine vs. placebo between-group effect sizes
of —0.71 for total psychopathology (vs. —=1.15 in Table 3), —0.42 for positive symptoms (vs. —
1.11), -0.52 for negative symptoms (vs. —0.79), and —0.59 for depressive symptoms (vs. —
2.06). Again, the small sample must be borne in mind. If the true effect sizes with glycine in
risk syndrome patients turn out to be larger than those in schizophrenia patients, however,
the difference might be due to a number of factors. First, the large effects we observed may
have been related to our use of glycine as monotherapy. All previous glycine studies for
established schizophrenia cited in the meta-analysis appear to be add-on studies, and addon
treatment might be affected by floor effects such that smaller effect sizes are observed when
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patients are already partially treated with antipsychotic. Secondly, however, it is possible
that glycine is simply more effective when it is given earlier in the course of illness, a
possibility that has also been considered for omega-3 fatty acids (Amminger et al., 2010).
Some authors have speculated that sustained NMDAR hypofunction could lead to structural
pathology (Olney et al., 1999), which might then be more difficult to reverse. Thus, it is
possible that adaptations to NMDAR hypofunction over periods of chronic illness could
become entrenched and persist even after NMDAR hypofunction is addressed. In one study
the cognitive impairments and altered basal and evoked dopamine release caused by
subchronic administration of an NMDAR antagonist persisted after drug discontinuation
(Jentsch et al., 1997). It is also interesting to note that the effect of glycine in our young risk
syndrome patients appeared to extend across the symptom spectrum, with positive
symptoms being more prominently reduced than negative symptoms, the reverse of the
pattern suggested by the schizophrenia meta-analysis.

It must be noted, however, that effect sizes for risk symptoms on the SOPS at 8 weeks with
open-label glycine (Table 3), while mostly large, were approximately half those seen in our
previous open-label study with the antipsychotic medication aripiprazole (Woods et al.,
2007). Further studies are needed before the benefits of these two classes of medication can
be compared with confidence.

On the other hand, neuropsychological effects of glycine in the open-label study
(Supplemental Table 2) despite the sparse data compared favorably with those from a
previous open-label pilot of aripiprazole in the same population with the same battery
(Woods et al., 2007), where only 3/20 measures showed medium or large effect sizes in the
direction of improvement, compared to 11/20 for open-label glycine.

The beneficial effects of short-term glycine administration in chronic schizophrenic subjects
have been shown to persist after discontinuation for at least 8 weeks in two studies
(Heresco-Levy et al., 1996, 1999). Some evidence suggests the effect was no longer seen
several months after glycine discontinuation (Heresco-Levy et al., 1999). We also noted a
persistent beneficial effect after discontinuation, in that subjects who responded to 8 weeks
of open-label glycine maintained response for 16 weeks after discontinuation. Conversely,
subjects in the smaller double-blind trial who continued glycine beyond 8 weeks generally
experienced little additional improvement. Future studies should take these findings, along
with the small sample sizes, into account when designing the duration of active glycine
dosing.

Safety findings (Tables 4 and 5 and Supplemental Table 5) do not indicate a specific
concern in this population, although again the sample sizes were small. Generally glycine is
considered to have a favorable adverse event profile, although nausea was reported more
frequently with glycine than with placebo in the CONSIST study (Buchanan et al., 2007)
and has also been noted occasionally in previous studies (Costa et al., 1990; Heresco-Levy
etal., 1999). Nausea was not noted in the present pilots. In the double-blind trial, including
the open-label extension, five subjects took glycine for at least 12 weeks, of whom three
continued as long as 24 weeks with no ill effects.

Eur Neuropsychopharmacol. Author manuscript; available in PMC 2014 May 20.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Woods et al.

Page 11

Overall, the results of these two pilot studies suggest that future adequately-powered studies
would likely be able to establish a beneficial effect of glycine used alone in risk syndrome
patients and that the effect could be expected across the spectrum of psychotic-like
symptoms and might possibly extend to neurocognitive impairment as well. The results also
suggest that studies of other glycine-site agonists such as D-serine (Kantrowitz et al., 2010)
and of glycine transporter inhibitors (D'souza et al., 2012; Umbricht et al., 2011) would
appear to be similarly promising in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Open-label glycine: SOPS total scores over time. Subject numbers indicate consecutive
patients evaluated for risk syndrome research diagnoses who met criteria, consented, and

began treatment with open-label glycine for 8 weeks. SOPS—Scale Of Psychosis-risk

Symptoms.
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Figure2.
Double-blind glycine vs. placebo: SOPS total scores over time. Filled circles: glycine; open

circles: placebo. Subject numbers indicate consecutive patients evaluated for risk syndrome
research diagnoses who met criteria, consented, and began treatment with double-blind
glycine vs. placebo for 12 weeks. The first 8 weeks of treatment are shown. SOPS—Scale
Of Psychosis-risk Symptoms.
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Table 1

Demographic and treatment data at baseline.

Study Group Open-label Glycine (n=10) Placebo-controlled
Glycine (n=4) Placebo (n=4)
Characteristic Mean(SD) Mean(SD) Mean(SD)
Age (yr) 17.3 (3.3) 15.3 (0.5) 16.5 (2.4)
Current GAF 443 (4.7) 40.5 (4.0) 39.0 (9.0)
No. (%) No. (%) No. (%)
Male 7 (70) 3(75) 3(75)
White nonHispanic 6 (60) 3(75) 2 (50)
Single 10 (100) 4(100) 4 (100)
Prodromal syndrome
APS 10 (100) 4 (100) 4 (100)
BIPS 1(10) 0(0) 0 (0)
GRD 0(0) 0(0) 0(0)
First degree family history
Psychosis 0(0) 0(0) 0(0)
Nonpsychotic major depression 1(10) 1(25) 2 (50)
Nonpsychotic bipolar disorder 2 (20) 0 (0) 0 (0)
Medication use at baseline*
Antidepressants 3(30) 1(25) 1(25)
Antipsychotics 0 (0) 0 (0) 0 (0)
Benzodiazepines/hypnotics 0 (0) 0(0) 0 (0)
Mood stabilizers 0 (0) 0 (0) 0(0)
Stimulants 0 (0) 0 (0) 0 (0)
Lifetime substance abuse/dependence
Marijuana 1(10) 0 (0) 0 (0)
1(10) 0(0) 0(0)

* %
Other (except nicotine)

All comparisons n.s. GAF, Global Assessment of Functioning.

*
Patients taking antidepressants, anxiolytics, mood stabilizers, or stimulants were permitted to continue these medications but not to change dose.

Doses were required to be stable =8 weeks at baseline.

*%

Other in substance abuse/dependence includes: alcohol, sedatives, opioid, cocaine, hallucinogen and other.
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Table 2
Baseline scores on SOPS and MADRS measures.
Domain Study Treatment Measure Open-label Glycine (n = 10) Double-blind
Mean (SD)
Glycine (n=4) Mean Placebo (n=4) Mean
(SD) (SD)
Prodromal symptoms ~ SOPS total 39.7 (11.8) 37.8 (15.3) 37.5(10.0)
SOPS positive 11.3(3.3) 14.8 (2.2) 13.0 (2.8)
SOPS negative 12.4 (5.5) 11.0 (8.0) 11.0(7.2)
SOPS disorganization 6.5 (2.5) 6.3 (3.1) 4.0(1.2)
SOPS general 9.5(4.1) 5.8 (5.7) 9.5(3.4)
Depression MADRS total 138 (6.7)a 13.0 (14.7) 17.3(7.0)
an:9.
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Table 3

Effect sizes and mean (and SD) endpoint change in SOPS and MADRS severity scores (LOCF).

Page 19

SOPS total SOPS positive  SOPSnegative SOPSdisorganized SOPSgeneral MADRStotal
Open-label glycine (n= 10)
* * * * * k-
8w Change _153(11.0) -5.7(5.2) -3.0(4.1) ~3.1(3.0) -35(@3.1) 21482
Within group effect size -1.39 -1.10 -0.74 -1.05 -1.12 -0.44
Double-blind active glycine (n=4)
8w Change -5.8(8.1) -2.3(2.8) -1.5(2.5) -0.3(1.7) -1.8 (2.4) -5.8 (4.0
Within group effect size -0.71 -0.82 -0.60 -0.15 -0.74 -1.43
Double-blind placebo (n=4)
8w Change 45(9.7) 2.0(4.7) 0.3(1.9) 1.0 (2.0) 1.3(1.3) 33 (4_9)b
Within group effect size 0.46 0.43 0.13 0.50 0.99 0.68
Double-blind glycine vs. placebo
Between groups effect size  -1.15 -1.11 -0.79 -0.67 -1.58 2 06*
an:8.
bn=3.

*
p<0.05 by paired or Student's t-test as appropriate.
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Treatment emergent adverse events in prodromal patients treated with glycinea.

Table 4

Study Treatment SAFTEE items

Open-label Glycine (n = 10) No. (%)

Double-blind

Glycine (n=4) No. (%)

Placebo (n=4) No. (%)

Irritability

Insomnia

Dry mouth

Sedation
Fatigue/weakness
Memory impaired
Sensory perception impaired
Headache

Orgasm dysfunction
Disturbed sleep
Malaise

Mentation impaired
Hallucinations

Stomach discomfort

5 (50)
4 (40)
3(30)
2 (20)
2 (20)
2 (20)
2 (20)
2 (20)

1(25)

1(25)

2 (50)

2 (50)
1(25)
1(25)
1(25)
1(25)

Page 20

aProportion of patients endorsing adverse events as determined by the Schedule of Assessment For Treatment Emergent Effects (SAFTEE), using
the specific inquiry method, at the medium level or higher at any time point in the first 8 weeks and representing an increase over baseline. Adverse
events endorsed by only one patient for open-label glycine are not shown.
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Table 5

Effect sizes and mean (and SD) endpoint change in vital signs and weight.

SystolicBP  DiastolicBP  Pulse Weight (kg)
Open-label glycine (n=10)
8w Change -1(23) -3 (10) 2(8) -1.0 (2.0)
Within group effect size -0.04 -0.33 0.27 -0.52
Double-blind active glycine (n=4)
8w Change 2(12) 6 (6) -3(@3) -0.7(2.0)
Within group effect size 0.19 1.04 -1.24 -0.33
Double-blind placebo (n=4)
8w Change -4(9) 4(13) 17(22) 0.6 (1.3)
Within group effect size -0.41 0.30 0.80 0.50
Double-blind glycine vs. placebo Between groups effect size  0.57 0.19 -1.33 -0.77
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