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Objective: Patients with schizophrenia
frequently present with negative symp-
toms and cognitive impairments for
which no effective treatments are known.
Agents that act at the glycine site of the
N -methyl - D -a spar t i c  a c id  (NMDA)
glutamatergic receptor have been sug-
gested as promising treatments for mod-
erate to severe negative symptoms and
cognitive impairments.

Method: The Cognitive and Negative
Symptoms in Schizophrenia Trial (CON-
SIST) was a 16-week double-blind, double-
dummy, parallel group, randomized clini-
cal trial of adjunctive glycine, D-cyclo-
serine, or placebo conducted at four sites
in the United States and one site in Israel.
The participants were 157 inpatients and
outpatients who met DSM-IV criteria for
schizophrenia or schizoaffective disorder
and retrospective and prospective criteria
for moderate to severe negative symp-
toms without marked positive, depres-
sive, or extrapyramidal symptoms. The
primary outcome measures were the av-
erage “rate of change” of Scale for the As-

sessment of Negative Symptoms (SANS)
total scores and change in the average
cognitive domain z scores.

Results: There were no significant differ-
ences in change in the SANS total score
between glycine and placebo subjects or
D-cycloserine and placebo subjects. A pre-
specified test for the site-by-treatment-by-
time interaction was significant in post
hoc tests. One site had greater reduction
in the SANS total score for patients receiv-
ing D-cycloserine relative to patients re-
ceiving placebo. A second site had greater
reduction in the SANS total score for pla-
cebo patients compared with glycine pa-
tients. There were no significant differ-
ences between glycine and placebo or D-
cycloserine and placebo subjects on the
average cognition z score.

Conclusions: The study results suggest
that neither glycine nor D-cycloserine is a
generally effective therapeutic option for
treating negative symptoms or cognitive
impairments.

(Am J Psychiatry 2007; 164:1593–1602)

Antipsychotic medications are the primary pharma-
cological treatment of schizophrenia. They are effective
for ameliorating positive symptoms and reducing relapse
risk. However, they have limited efficacy for negative
symptoms and cognitive impairments. The development
of effective treatments for these psychopathological do-
mains is of critical clinical importance, since they account
for much of the long-term morbidity and poor functional
outcome in schizophrenia (1–6). The relative lack of effi-
cacy for these domains has led to the search for alternative
pathophysiological hypotheses and treatments of nega-
tive symptoms and cognitive impairments. The most
compelling hypothesis involves the glutamatergic system
and N-methyl-D-aspartate (NMDA) glutamatergic recep-
tor hypofunction (7–10).

The hypoglutamatergic hypothesis is largely based on the
pharmacology and behavioral effects of phencyclidine and
ketamine (7, 11–14). These agents bind to a site within the
NMDA receptor channel and block cation flow through the
channel. Behavioral effects include positive and negative

symptoms and cognitive impairments. The hypo-
glutamatergic hypothesis is further supported by magnetic
resonance spectroscopy, postmortem, and gene associa-
tion and expression data suggesting alterations in
glutamate metabolites and receptors in schizophrenia (15).

The hypoglutamatergic hypothesis predicts a therapeu-
tic effect for compounds that increase NMDA receptor
transmission. Heresco-Levy et al. conducted several small
sample studies with glycine, an obligatory cotransmitter
with glutamate at the NMDA receptor. Glycine 0.8 g/kg/
day was the most effective dose, with an average reduction
in negative symptom scores of 30% among subjects re-
ceiving glycine and 2% among subjects receiving placebo
(16–18). The negative symptom improvement was more
robust than that observed with positive symptoms and did
not appear to be explained by improvement in depressive
or extrapyramidal symptoms. The hypothesis that nega-
tive symptoms were the primary therapeutic target was
supported in a post hoc analysis, which demonstrated a
slightly better response in patients with primary negative
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or deficit symptoms relative to patients with secondary
negative symptoms (19). These studies did not include
formal measures of cognition.

Another approach is to use a partial agonist: D-cyclo-
serine. In a dose-finding study, Goff et al. found an in-
verted-U dose response curve, with maximum therapeutic
efficacy at 50 mg/day and loss of efficacy with doses below
50 mg/day or above 100 mg/day (20). In subsequent stud-
ies, positive results have been observed in patients who re-
ceived D-cycloserine (50–100 mg/day) and who were
treated with conventional antipsychotics (21, 22). Nega-
tive results have been observed when patients were
treated with doses other than 50 mg/day or when D-cy-
closerine was added to clozapine (23–26). Goff et al. also
found that the observed therapeutic effect was mainly on
negative symptoms, including patients with deficit or pri-
mary negative symptoms. One study used the Sternberg
working memory paradigm and reported a benefit for D-
cycloserine (21).

Interest in glycine-modulated therapeutic effects has
been reinforced by recent studies of two other glycine site
agonists (D-serine and D-alanine) and a glycine reuptake
inhibitor (sarcosine) (27–30). These studies reported sig-
nificant benefits for negative symptoms but also for psy-
chotic and depressive symptoms. The latter finding is con-
sistent with the ability of NMDA antagonists, such as
phencyclidine to induce positive and negative symptoms
of schizophrenia but argues against a unique primary neg-
ative symptom effect. There is one negative D-serine study
in patients treated with clozapine (31, 32).

The majority of glycine and D-cycloserine clinical trials
were conducted in small, primarily inpatient samples. The
Cognitive and Negative Symptoms in Schizophrenia Trial
(CONSIST) was designed to examine the therapeutic effects
of these agents in a large sample of patients with persistent
and moderate to severe negative symptoms and cognitive
impairments. We tested the following four hypotheses: 1)
glycine is superior to placebo for negative symptoms; 2) gly-
cine is superior to placebo for cognition; 3) D-cycloserine is
superior to placebo for negative symptoms; and 4) D-cy-
closerine is superior to placebo for cognition.

Method

CONSIST was a multicenter 16-week double-blind, double-
dummy, parallel group, randomized clinical trial of adjunctive
glycine, D-cycloserine, or placebo for the treatment of negative
symptoms and cognitive impairments. It was conducted at four
sites in the United States and one site in Israel. The protocol was
approved by institutional review boards at each participating site
and a central Data and Safety Monitoring Board. The Data and
Safety Monitoring Board also conducted periodic reviews of sub-
ject safety, including adverse events, and one interim review of
cumulative extrapyramidal symptoms and neuropsychological
data for evidence of potential neurotoxicity.

Subjects

Eligible subjects were between the ages of 18 and 64 and met
DSM-IV criteria for schizophrenia or schizoaffective disorder,
based on a best-estimate diagnosis that utilized a structured diag-
nostic interview (Structured Clinical Interview for DSM-IV [33]),
family informants, and medical records. Inpatients and outpa-
tients were included. Two sites (NKI and Israel) recruited exclu-
sively inpatients, while all but one patient at the other three sites
(Zucker Hillside, Maryland Psychiatric Research Center, and

TABLE 1. Baseline Demographic and Clinical Characteristics of Subjects With SANS Follow-Up Data by Treatment

Baseline Characteristic

Group

Placebo (N=52) D-Cycloserine (N=53) Glycine (N=52)
N % N % N %

Family 12 23.1 9 17.0 10 19.2
Ethnicity

Asian or Pacific Islander 2 3.9 2 3.8 1 1.9
Black, not of Hispanic origin 23 44.2 17 32.1 18 34.6
Hispanic 5 9.6 7 13.2 4 7.7
White, not of Hispanic origin 21 40.4 25 47.1 27 51.9
Other or unknown 1 1.9 2 3.8 2 3.8

Psychiatric hospitalizations (median, interquartile range) 4.0 2.0–8.0 4.5 2.0–8.0 5.0 2.0–8.0
Patients with the deficit form of schizophrenia 22 42.3 24 45.3 24 46.2

Mean SD Mean SD Mean SD
Age (years) 43.4 11.4 44.4 10.4 42.6 10.8
Age at onset 23.2 6.5 22.6 6.1 22.8 8.4
Duration of illness 20.2 11.0 21.8 11.1 20.2 10.0
SANS scores

Total score 2.3 0.6 2.3 0.6 2.3 0.7
Affective blunting 2.1 0.9 2.0 1.0 2.2 1.0
Alogia 1.1 0.8 1.0 0.7 1.1 0.9
Avolition 2.7 0.9 2.8 1.0 2.8 0.9
Anhedonia 3.0 0.6 3.1 0.7 3.0 0.8

Brief Psychiatric Rating Scale scores
Total score 1.9 0.4 1.9 0.4 1.9 0.4
Psychosis 1.9 0.8 2.2 0.9 2.0 0.8
Anxiety/depression 1.7 0.6 1.7 0.6 1.7 0.6

Clinical Global Impression severity rating 4.6 0.7 4.7 0.7 4.6 0.7
Simpson-Angus Extrapyramidal Symptom Rating Scale  total score 3.0 3.2 3.2 2.4 3.0 2.5
Abnormal Involuntary Movements Scale total score 6.4 4.2 6.0 2.9 6.4 4.3
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UCLA) were outpatients. Subjects met retrospective and prospec-
tive criteria for persistent moderate to severe negative symptoms.
The retrospective determination of persistence was based on the
best-estimate diagnosis and/or therapist report. The prospective
definition of persistence used negative symptom assessments
completed at the beginning and end of the 4-week evaluation
phase. A Scale for the Assessment of Negative Symptoms (34)
(SANS) total score ≥20 or SANS affective flattening or alogia sub-
scales global item score ≥3 (i.e., moderate) was required. There
was no cognitive impairment inclusion criterion. In order to se-
lect a subject cohort with persistent negative symptoms, enriched
for primary negative symptoms, and to minimize potential im-
provement in negative symptoms or cognition secondary to im-
provement in severe or unstable positive and depressive symp-
toms or extrapyramidal symptoms, subjects were required to
have a Brief Psychiatric Rating Scale (35) positive symptom item
(conceptual disorganization, hallucinations, suspiciousness, and
unusual thought content) total score ≤18, a Brief Psychiatric Rat-
ing Scale anxiety/depression factor (somatic concerns, anxiety,
guilt, and depression) total score ≤14, and a Simpson-Angus Ex-
trapyramidal Symptom Rating Scale (36) total score ≤8. These
symptom domains were stable by history at study onset and con-
firmed stable during the 4-week evaluation period. Subjects were
excluded if they had a DSM-IV alcohol or substance dependence
diagnosis (within the last 6 months); an alcohol or substance
abuse diagnosis (within the last month); an organic brain disor-
der; or a medical condition in which pathology or treatment
could alter the presentation or treatment of schizophrenia, in-
cluding active tuberculosis or tuberculosis treatment, kidney
stones, and uncontrolled diabetes mellitus. Subjects could re-
ceive any antipsychotic except clozapine. Subjects treated with
clozapine were excluded because of reported adverse effects of D-

cycloserine in clozapine-treated subjects (23–26). Subjects were
also allowed to remain on concomitant anticholinergic, beta-
blocker, mood stabilizer, antidepressant, antianxiety, or anticon-
vulsant medication regimens. They were required to receive sta-
ble doses of these medications during the evaluation and double-
blind study phases. Female subjects were required not to be preg-
nant and to use a documented method of contraception. Monthly
pregnancy tests were performed during study treatment.

FIGURE 1. Subjects Withdrawn and Excluded From the Cognitive and Negative Symptoms in Schizophrenia Trial
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FIGURE 2. Scale for the Assessment of Negative Symptoms
Total Scorea

a D-cycloserine versus placebo: t=0.57, df=550, p=0.57. Glycine ver-
sus placebo: t=0.99, df=550, p=0.32.
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Subjects who met preliminary screening criteria based on cli-
nician referral underwent an informed consent process and pro-
vided written informed consent before performing any study as-
sessments. Subject ability to provide valid informed consent was
documented using site-specific procedures.

Clinical Assessments

The Schedule for the Deficit Syndrome (37) was used to catego-
rize subjects into deficit and nondeficit subgroups. A modified
version of the SANS was used to assess negative symptoms as fol-
lows: the affective flattening subscale items were rated following
published criteria; the alogia subscale items were rated as pub-
lished, but poverty of content of speech was not included in the
subscale total score; the avolition/apathy subscale was expanded
by rating impersistence in work or school as two items (level and
quality of role function); the asociality/anhedonia subscale was
modified to directly rate anhedonia and asociality rather than rat-
ing recreational activities and relationships with friends and
peers; and the attention subscale was not included. The Brief Psy-
chiatric Rating Scale positive symptom items and the Brief Psy-
chiatric Rating Scale anxiety/depression factor were used to as-
sess positive and affective symptoms, respectively. The Clinical
Global Impression (CGI) severity of illness item was used to assess
global severity. Master’s- and doctoral-level clinicians conducted
the clinical assessments. Assessments were completed at the be-
ginning and end of the 4-week evaluation phase and at weeks 4, 8,
12, and 16 of the double-blind phase. The Simpson-Angus Ex-
trapyramidal Symptom Rating Scale and the Abnormal Involun-
tary Movements Scale (38) were used to assess extrapyramidal
symptoms and dyskinetic movements, respectively. The Side Ef-
fect Checklist, consisting of 22 common side effects rated on a 1
(none) to 4 (severe) scale, was used to assess adverse effects. Vital
signs and weight were measured at all assessment points.

To the extent possible, each participant was assessed by the
same rater throughout the course of the study. All raters were blind
to treatment assignment and deficit/nondeficit categorization.

Blood and urine laboratory tests were collected at the begin-
ning and end of the double-blind phase. Glycine and D-cyclo-
serine plasma levels were assessed at weeks 0, 4, 8, and 16 of the
double-blind phase. Antipsychotic doses were converted to halo-
peridol equivalents (39).

Rater Training and Interrater Reliability

Interrater agreement (intraclass correlation coefficient [ICC]
was assessed using a standard set of tapes. The SANS total score
ICC was 0.71, and subscale total score ICCs were 0.64 (alogia and
anhedonia), 0.80 (avolition), and 0.81 (affective blunting). The Brief
Psychiatric Rating Scale positive symptom items and anxiety/de-
pression factor ICCs were ≥0.80. Simpson-Angus Extrapyramidal

Symptom Rating Scale and Abnormal Involuntary Movements
Scale raters underwent common training in the administration
and scoring of the instruments and were reliable within each site.
Schedule for the Deficit Syndrome raters participated in a day-long
workshop and subsequently participated in monthly conference
calls to maintain interrater reliability.

Neuropsychological Battery

Subjects were administered a neuropsychological battery at
baseline and at the end of the 16-week double-blind phase. The
battery could not be completely administered at the Israeli site
because of language issues. Therefore, only neuropsychological
data from the four U.S. sites were used in the analyses. Neuropsy-
chological tests were grouped into the following domains: pro-
cessing speed, verbal fluency, motor speed, vigilance, auditory
memory, visual spatial memory, auditory working memory, visual
spatial working memory, and executive function. ICCs for sum-
mary scores for each domain ranged from 0.59 to 0.93. (For a de-
tailed list of tests in each domain and achieved domain ICCs, see
the table in the data supplement accompanying the online ver-
sion of this article.)

Study Design

Subjects who met retrospective and prospective criteria for
persistent, moderate to severe negative symptoms were ran-
domly assigned to one of three treatment regimens: active glycine
and placebo D-cycloserine, placebo glycine and active D-cyclos-
erine, or placebo glycine and placebo D-cycloserine. Glycine dose
was titrated over the first 2 weeks from 15 g/day to the target dose
of 60 g/day. Glycine and placebo glycine were administered dis-
solved in water. For 7 days, D-cycloserine was administered at 25
mg/day, increased to 50 mg/day on day 8, and maintained at that
dose thereafter unless the subject was unable to tolerate the pre-
scribed dose. Dose was based on prior studies suggesting efficacy.
In the event of adverse reactions, the dose could be lowered or ti-
tration slowed.

Study treatment adherence was assessed by a pill count and
medication review at the biweekly visits. In addition, all subjects
had an adherence plan that included medication checks by fam-
ily, residence staff, or mental health care providers who had ex-
tensive contact with the subjects. All subjects who were judged to
have received 75% or more of their assigned study medication
were considered adherent. A subject could be withdrawn from
the study if they met a priori criteria for clinically significant
symptom exacerbation.

Statistical Analyses

Treatment assignment was random and used a permuted block
design with randomly varying block sizes, stratified within site,

TABLE 2. Estimated Mean Changes in SANS Total Score From Baseline to Week 16 by Site and Treatment Groupa

Site

Group Comparison

Placebo Glycine D-Cycloserine Glycine Versus Placebo

Mean SE Mean SE Mean SE
Differ-
ence SE ta p

All patients combined –0.27 0.04 –0.21 0.04 –0.24 0.04 0.06 0.06 0.99 0.32
Inpatient sites

Israel –0.08 0.12 –0.38 0.11 –0.47 0.14 –0.30 0.16 –1.81 0.071
NKI –0.26 0.09 –0.45 0.09 –0.38 0.09 –0.19 0.13 –1.52 0.13

Outpatient sites
UCLA –0.19 0.11 –0.06 0.06 –0.11 0.09 –0.05 0.16 –0.33 0.74
Maryland Psychiatric Research Center –0.20 0.06 –0.24 0.11 0.06 0.07 0.14 0.09 1.56 0.12
Zucker Hillside –0.66 0.12 –0.13 0.11 –0.44 0.10 0.52 0.16 3.31 0.001

a Estimates from mixed model for unbalanced repeated measures assuming linear rate of change for SANS total score versus follow-up time;
df=550 for all t statistics, based on the df for the error variance of the mixed model. Test for visit-by-site-by-treatment interaction: F=2.03,
df=8, 564, p=0.004.
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deficit/nondeficit categorization, and antipsychotic regimen
(conventional antipsychotics only versus at least one second-
generation antipsychotic). Because of pharmacy error, one sub-
ject assigned to placebo received D-cycloserine throughout the
study and one placebo subject received open-label D-cycloserine
before final double-blind assessments were completed. Statistical
analyses revealed virtually identical results, whether the two sub-
jects were treated “as randomized” or the first of these subjects
was treated as assigned to D-cycloserine rather than placebo and
the final visit for the second subject was dropped. The results of
the latter analysis are presented in this article.

Negative Symptoms

A mixed-model analysis of variance for unbalanced repeated
measures was used to test for group differences in the average
“rate of change” (slope) of SANS total scores over time. All sub-
jects with postbaseline SANS ratings were included. The SANS to-
tal score was divided by the number of items rated to obtain a
measure of average negative symptom severity. The two SANS
evaluation phase assessments were averaged for the baseline
SANS score. An overall test for differences in slopes among the
three treatments at alpha=0.05 was followed up by pairwise tests
of glycine or D-cycloserine versus placebo. A priori hypotheses
tested with appropriate interaction terms were that treatment ef-
fects would be moderated by deficit/nondeficit categorization,
type of antipsychotic medication, and site. Nonsignificant inter-
action terms with these moderators were dropped from the final
model. Significant interactions of treatment with prespecified
moderators were followed by exploratory analysis to clarify these
effects. Comparable analyses were conducted for Brief Psychiat-
ric Rating Scale total, positive symptom, and anxiety/depression
factor scores and CGI ratings.

Neurocognition

Individual test raw scores at baseline and end of study were
converted to z scores relative to the overall baseline mean and
standard deviation. If necessary, z scores were multiplied by –1 so
that higher z scores represented better performance. Z scores
were averaged within nine cognitive domains. Test reliability was
computed by calculating ICCs of baseline and follow-up mea-
surements within the placebo group. The Delayed Match to Sam-
ple Test was dropped because of an unacceptably low ICC (0.31
[Table 1]).

The primary outcome analysis used a mixed model for re-
peated measures analysis of covariance (ANCOVA) to calculate
the average (across cognitive domains) difference between gly-
cine and placebo or D-cycloserine and placebo in baseline-ad-
justed z scores. In addition, baseline-adjusted endpoint z scores
were compared for each cognitive domain, at overall alpha=0.05,
with Westfall’s multiple testing procedure (40, 41). ANCOVA with
treatment-by-moderator interaction terms was used to examine

treatment interactions with site, deficit versus nondeficit schizo-
phrenia, and conventional versus second-generation antipsy-
chotic treatment.

Analysis of Adverse Effects

Differences in tendencies between experimental treatments
and placebo in Simpson-Angus Extrapyramidal Symptom Rating
Scale and Abnormal Involuntary Movements Scale  scores were
assessed using a rank test for differences in the correlation be-
tween these scores and the study visit (42). Chi-square tests (or
Fisher’s exact tests for rare outcomes) were used for pairwise
comparisons of glycine versus placebo or D-cycloserine versus
placebo on the frequency of new onset or worsened severity
(most severe rating during follow-up) adverse effects.

Results

Subject Characterization and Treatment 
Implementation

Subject flow through the study is summarized in Figure
1. Reasons for early termination included deterioration of
psychiatric condition (placebo: two subjects; D-cyclo-
serine: three subjects; glycine: one subject), noncompli-
ance (placebo:  two subjects), side effects of the study med-
ication (placebo: two subjects; D-cycloserine: two subjects;
glycine: five subjects), unrelated medical reason (placebo:
three subjects; glycine: one subject), subject request (D-cy-
closerine: four subjects; glycine: three subjects), and other
(placebo: one subject, D-cycloserine: one subject, glycine:
two subjects). Baseline demographic and clinical charac-
teristics are presented in Table 1 as well as the data supple-
ment accompanying the online version of this article. An-
tipsychotic and concomitant psychotropic medications
are also presented in the online data supplement.

Treatment Adherence

Compliance with prescribed medication was 90%–
100%. At week 16, 78% of glycine subjects and 85% of D-cy-
closerine subjects were receiving the target dose. The
baseline median plasma glycine levels were 182 µmol/liter
in the placebo group, 195 µmol/liter in the D-cycloserine
group, and 182 µmol/liter in the glycine group. In patients
randomly assigned to glycine, the median (interquartile
range) increase in plasma glycine was 372 µmol/liter
(range=208–620), 237 µmol/liter (range=127–237), and 233
µmol/liter (range=61–453) at weeks 4, 8, and 16, respec-
tively. The median (interquartile range) attained plasma
glycine levels were 531 µmol/liter (range=339–869), 432
µmol/liter (range=263–764), and 408 µmol/liter (range=
257–845) at weeks 4, 8, and 16, respectively. Plasma serine
levels showed a median increase of 105 µmol/liter, 9 µmol/
liter, and 85 µmol/liter at weeks 4, 8, and 16, respectively;
no significant changes were seen in glutamate or glutamic
acid levels. Median increases in glycine and serine were
near zero among subjects assigned to D-cycloserine or pla-
cebo. In the D-cycloserine group, the median (interquar-
tile range) attained plasma D-cycloserine levels for ob-

D-Cycloserine Versus Placebo

Difference SE ta p

0.03 0.06 0.57 0.57

–0.39 0.18 –2.12 0.035
0.12 0.13 –0.97 0.33

0.07 0.14 0.50 0.62
0.14 0.09 1.53 0.13
0.22 0.16 1.38 0.17
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served cases were 0.80 mg/dl (range=0.60–1.20) at weeks 4
and 8 and 0.75 mg/dl (range=0.50–1.00) at week 16.

Negative Symptoms

There were no significant SANS total score differences
between glycine and placebo subjects (t=0.99, df=550, p=
0.32) or D-cycloserine and placebo subjects (t=0.57, df=
550, p=0.57) (Figure 2). At week 16, there were no signifi-
cant differences in the number of subjects who had a 20%
or more reduction in the SANS total score. Twelve out of 43
(28%) placebo subjects met this criterion compared with
11 out of 45 (24%) D-cycloserine subjects and 11 out of 46
(24%) glycine subjects (p=0.88). The number of respond-
ers across groups was also similar at earlier weeks.

Site Effects

The prespecified test for the site-by-treatment-by-time
interaction was significant (F=2.52, df=8, 562, p=0.011).
Post hoc tests found one site with significantly greater re-
duction in the SANS total score for D-cycloserine patients
relative to placebo patients (t=2.12, df=550, p=0.035),
while a second site showed significantly greater reduction
for placebo patients relative to glycine patients (t=3.31, df=
550, p=0.001) (Table 2). Hypotheses accounting for these

site differences—medication adherence, unblinding be-
cause of side effects, differences in antipsychotic regi-
mens, or differences in negative symptom severity—were
not supported by the CONSIST data (see the online data
supplement). The other clinical and demographic vari-
ables that significantly differed across sites were age of
first episode and gender. The inclusion of these variables
did not affect the site-by-treatment-by-time interaction.

Antipsychotic Effects

A prespecified test was performed to evaluate the effect
of conventional antipsychotics and second-generation
antipsychotics on treatment effects. The time-by-treat-
ment-by-type of antipsychotic interaction was statistically
significant (F=4.13, df=2, 546, p=0.016), indicating that ac-
tive treatment/placebo differences in the rate of SANS to-
tal score change depended on the type of antipsychotic.
Post hoc analyses of the interaction found that among
subjects receiving conventional antipsychotics, the eight
subjects randomly assigned to glycine had a larger de-
crease in the SANS total score relative to the seven subjects
randomly assigned to placebo (difference in estimated 16-
week change: –0.42 [SE=0.15]; t=2.67, p=0.008). In con-

TABLE 3. Neuropsychological Test Summary

Neurocognitive 
Domain

Group Analysisa

Placebo D-Cycloserine Glycine
D-Cycloserine 

Versus Placebo
Glycine Versus 

Placebo

N Mean SD N Mean SD N Mean SD p
Adjusted 

p p
Adjusted 

p
Summary z score

Baseline 38 0.07 0.71 40 –0.01 0.69 37 –0.11 0.64 0.730 0.999 0.739 0.999
End of study 38 0.18 0.70 40 0.03 0.69 37 –0.05 0.60

Processing speed
Baseline 38 0.08 1.03 40 0.03 0.92 37 –0.14 0.88 0.442 0.998 0.436 0.998
End of study 38 0.18 1.09 40 0.06 1.05 37 –0.1 0.83

Verbal fluency
Baseline 38 –0.03 0.96 40 –0.05 0.81 37 0.09 0.95 0.379 0.995 0.460 0.998
End of study 38 0.1 0.91 40 –0.1 0.81 37 0.03 0.99

Motor speed
Baseline 38 0.2 1.14 40 0.03 0.89 37 –0.24 0.93 0.554 0.999 0.677 0.999
End of study 38 0.34 1.09 39 0.09 0.93 37 –0.14 0.86

Verbal memory
Baseline 38 0.16 0.82 40 –0.03 0.9 37 –0.17 0.92 0.567 0.999 0.531 0.999
End of study 38 0.26 0.88 40 0.01 0.95 37 –0.21 0.98

Visual memory
Baseline 38 0.09 1.04 40 0.11 0.98 37 –0.2 0.89 0.323 0.991 0.393 0.995
End of study 37 0.39 0.95 40 0.09 0.93 36 0.1 1.12

Auditory working 
memory
Baseline 38 –0.15 0.78 40 –0.03 0.99 37 0.18 0.87 0.195 0.932 0.617 0.999
End of study 38 0.04 0.8 40 0.02 1.03 37 0.19 0.83

Visuo-spatial 
working memory
Baseline 32 0.19 0.86 34 0.05 0.95 31 –0.25 1.15 0.969 0.999 0.705 0.999
End of study 36 0.09 0.81 33 0.00 1.01 28 –0.31 1.21

Attention
Baseline 34 0.04 1.09 34 0.12 1.09 34 –0.15 0.79 0.359 0.994 0.660 0.999
End of study 33 0.18 1.0 39 0.15 0.99 34 –0.02 0.71

Executive Function
Baseline 36 0.15 0.96 38 –0.16 0.98 36 0.02 0.79 0.700 0.999 0.707 0.999
End of study 37 0.33 0.71 40 0.04 0.88 36 0.1 0.75

a Tests for treatment differences at end of study. ANCOVA to adjust for baseline score using mixed model; adjusted p: p values adjusted for
multiple testing using Westfall’s (40) procedure.
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trast, subjects assigned to glycine in the second-genera-
tion antipsychotic stratum improved slightly less than pla-
cebo subjects (p=0.14). No statistically significant effects
were found for D-cycloserine subjects in either antipsy-
chotic medication group. In view of the baseline imbal-
ances in prescribed second-generation antipsychotics,
further exploratory analyses were conducted to compare
treatment effects among subjects treated with olanzapine
monotherapy, risperidone monotherapy, or polyphar-
macy with a conventional and second-generation antipsy-
chotic. Glycine and D-cycloserine did not show greater
negative symptom reduction than placebo in any of these
antipsychotic medication groups (see the table in the on-
line data supplement).

Deficit Status

There was no evidence that the time course of treatment
effects differed in deficit versus nondeficit subjects (inter-
action F=0.04, df=2, 562, p=0.96).

Neurocognition

There were no significant differences between glycine
and placebo on the composite cognition summary mea-
sure (adjusted average difference in z scores: –0.01 [SD=
0.02]; df=112; t=–0.36, p=0.72). Two subjects in the D-cy-
closerine group had extreme outlying values (z scores
>7.0) on the visuospatial working memory measure. If
these outliers were left in the analysis, D-cycloserine sub-
jects performed more poorly than subjects randomly as-
signed to placebo (baseline-adjusted difference in z statis-
tics: –0.08 [SD=0.03]; t=2.44, df=112, p=0.032). With these
subjects excluded, there was no significant difference be-
tween D-cycloserine and placebo (baseline-adjusted aver-
age difference in z scores: –0.01 [SD=0.02]; t=–0.34, df=112,
p=0.73). Because the use of a composite cognition score in
the primary endpoint analysis could obscure a therapeu-
tic effect on any one of the nine cognitive domains, we
conducted pairwise comparisons for each domain. There
were no significant glycine/placebo or D-cycloserine/pla-
cebo differences (Table 3).

Other Symptom Ratings

There were no significant treatment effects for Brief Psy-
chiatric Rating Scale positive symptom item (F=0.19, df=2,
574, p=0.82) or Brief Psychiatric Rating Scale anxiety/de-
pression factor (F=0.01, df=2, 578, p=0.99) scores; these re-
sults were not significantly different among sites and
among deficit versus nondeficit subjects. CGI scores im-
proved by 0.4 points in the placebo and glycine groups and
by 0.2 points in the D-cycloserine group (D-cycloserine
versus placebo on difference in tendencies over time: F=
8.12, df=1, 710, p=0.004).

Adverse Effects

New or worsened nausea was more frequent in glycine
subjects (20/52 [38.5%]) versus placebo subjects (7/52
[13.5%]) (χ2=8.37, df=1, p=0.004). New or worsened com-

plaints of dry mouth were also more common in glycine
subjects (17/52 [32.7%]) compared with placebo subjects
(7/52 [13.5%]) (χ2=5.36, df=1, p=0.021). The occurrence of
side effects was not associated with treatment response
(data not shown). There were no significant D-cycloserine/
placebo side effect differences (all p values >0.12).

Simpson-Angus Extrapyramidal Symptom Rating Scale
and Abnormal Involuntary Movements Scale total scores
were low at baseline and declined by similar amounts over
the course of follow-up in all treatment groups (minimum
p value=0.41 for treatment differences; data not shown).

Discussion

The study results suggest that neither glycine nor D-cy-
closerine is superior to placebo for negative symptoms or
cognitive impairments. The study conforms to designs ad-
vocated for primary negative symptom evaluation (43, 44)
and that address pseudospecificity in evaluating drug ef-
fects on cognition (45). The experiment-wide results are
unequivocal, especially for cognition, but a site-by-treat-
ment-by-time interaction for negative symptoms required
further evaluation.

The site-specific negative symptom tendency differ-
ences suggested an inpatient versus outpatient treatment-
effect difference. There are several possible explanations.
First, study medication adherence may be better in inpa-
tients than outpatients. However, adherence rates and
mean and highest achieved D-cycloserine and glycine lev-
els did not differ, and achieved plasma glycine levels were
not associated with negative symptom response. Second,
the higher inpatient baseline negative symptom levels
may have increased the potential for improvement. How-
ever, baseline negative symptom ratings were lower or the
same in inpatient responders versus nonresponders.
Third, the estimated antipsychotic dose was higher at in-
patient than outpatient sites; however, within each treat-
ment group, negative symptom responders and nonre-
sponders had similar average antipsychotic doses.
Furthermore, the concern is that higher doses, especially
of second-generation antipsychotics, might interfere with
an efficacy signal. Fourth, closer observation of inpatients
may introduce unwitting bias in efficacy ratings because
of differential observation of known adverse effects, but
their side effects and treatment response were not associ-
ated. It is possible that clinical factors other than those as-
sessed in the current study underlie the site difference in
treatment efficacy.

A major difference between CONSIST and previous
studies was the high percentage of patients treated with
second-generation antipsychotics. In previous studies, the
negative symptom effect was more robust in subjects
treated with conventional antipsychotics compared with
second-generation antipsychotics (46), although a glycine/
placebo difference was observed in patients treated with
olanzapine, risperidone, or clozapine (16–19). In CONSIST,
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negative symptom response was better than placebo for
glycine but not D-cycloserine among the small number of
subjects treated with conventional antipsychotics.

The overall failure of the two experimental treatments to
do better than placebo strongly refutes effectiveness hy-
potheses for patients with moderate to severe and persis-
tent negative symptoms or with impaired cognition. How-
ever, a strict efficacy test would require that a therapeutic
dose be delivered. In this regard, the CONSIST data do not
support the efficacy hypothesis for D-cycloserine, since it
was prescribed at the putative optimal dose, adherence
was high, and trial length was adequate.

For glycine, an important qualification is necessary. In
three previous studies, glycine dose adjusted for body
weight was effective (i.e., 0.8 gm/kg/day in two studies [17,
19]; 0.4gm/kg/day in one study [47]). In CONSIST, we
aimed to use fixed doses of 60 g/day, which gave an aver-
age target dose of 0.7 g/kg/day. This dosing may have re-
sulted in suboptimal glycine levels for heavier patients.
Javitt et al. suggested plasma glycine level ≥600 µmol/liter
as a threshold for potential efficacy (48). In CONSIST, the
percentage of treatment responders was similar in gly-
cine-treated subjects above and below the 600 µmol/liter
threshold, and the overall correlation between plasma gly-
cine concentration and negative symptom response was
near zero. Further, the effect size favoring glycine in the
Javitt et al. study (47) dosed at 0.4gm/kg/day was similar to
the overall effect size reported for all studies in a recent
meta-analysis (49). Nevertheless, it is not known if efficacy
would have been achieved at substantially higher serum
glycine levels.

These results have straightforward implications for de-
veloping D-cycloserine and glycine for the treatment of
negative symptoms and/or cognition in schizophrenia.
Partial agonists at the glycine site are not attractive thera-
peutic candidates. If the glycine site is near saturated, it is
difficult to predict a sustained partial agonist benefit. Re-
cent reports do not support D-cycloserine efficacy (26, 50).
Glycine administered systemically is problematic, since
present formulations of the medication are not well toler-
ated. However, early studies of other agents, including D-
serine, D-alanine, and sarcosine, targeting the glycine site
have had positive results (27–30), although these studies
suggest a broad symptomatic response. The ability of D-
serine to cross the blood-brain barrier and exert either di-
rect effects or conversion to glycine is a distinct advantage
for drug delivery. A reuptake inhibitor would likewise have
greater potential to increase agonist effect at the glycine
site. It seems wise to explore these two approaches and to
develop drug targets at other molecular sites in the
glutamatergic system.
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