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Objective: Despite the progressive in-
crease in the number of antidepressants,
many patients with major depressive dis-
order continue to be symptomatic. Clear-
ly, there is an urgent need to develop
better tolerated and more effective treat-
ments for this disorder. The use of S-ade-
nosyl methionine (SAMe), a naturally oc-
curring molecule that serves as a methyl
donor in human cellular metabolism, as
adjunctive treatment for antidepressant
nonresponders with major depressive dis-
order represents one such effort toward
novel pharmacotherapy development.

Method: Participants were 73 serotonin
reuptake inhibitor (SRI) nonresponders
with major depressive disorder enrolled
in a 6-week, double-blind, randomized
trial of adjunctive oral SAMe (target dose:
800 mg/twice daily). Patients continued
to receive their SRI treatment at a stable
dose throughout the 6-week trial. The pri-
mary outcome measure for the study was
the response rates according to the 17-

itemm Hamilton Depression Rating Scale
(HAM-D).

Results: The HAM-D response and re-
mission rates were higher for patients
treated with adjunctive SAMe (36.1% and
25.8%, respectively) than adjunctive pla-
cebo (17.6% versus 11.7%, respectively).
The number needed to treat for response
and remission was approximately one in
six and one in seven, respectively. There
was no statistically significant difference
in the proportion of SAMe- versus place-
bo-treated patients who discontinued the
trial for any reason (20.6% versus 29.5%,
respectively), due to adverse events (5.1%
versus 8.8%, respectively), or due to inef-
ficacy (5.1% versus 11.7%, respectively).

Conclusions: These preliminary results
suggest that SAMe can be an effective,
well-tolerated, and safe adjunctive treat-
ment strategy for SRI nonresponders with
major depressive disorder and warrant
replication.

(Am ] Psychiatry 2010; 167:942-948)

Major depressive disorder is a prevalent and po-

tentially debilitating medical illness that can often be
quite challenging to treat. For example, it has been re-
ported that as many as one-half of all patients enrolled
in two academic-based depression specialty clinics did
not achieve remission despite receiving a series of ade-
quate trials of antidepressant therapies (1). Moreover, in
the first level of the Sequenced Treatment Alternatives to
Relieve Depression study, only about 30% of patients had
achieved remission following up to 12 weeks of therapy
with citalopram (2), with many patients remaining symp-
tomatic despite second-, third-, or fourth-line treatment
approaches (3). Results of studies like these serve to re-
mind clinicians and researchers alike of the urgent need
to continue to develop new as well as novel treatments for
major depressive disorder.

S-adenosyl methionine (SAMe), a naturally occurring
molecule available commercially in Europe since the late

1970s as a treatment for depression and other conditions,
was released in the United States in a stable, enteric-coat-
ed oral formulation as an over-the-counter dietary sup-
plement under the Dietary Health and Supplement Act
of 1999 (4). SAMe, folate, vitamin B,,, and homocysteine
are linked in the one-carbon cycle, since homocysteine
and 5-methylene tetrahydrofolate, a product of folate,
are required for the formation of SAMe (4). SAMe is found
throughout the human body, with particularly high con-
centrations in the liver, adrenal glands, and pineal gland
(5). SAMe also appears to be uniformly distributed in the
brain, where it serves as the major donor of methyl groups
required in the synthesis of neuronal messengers and
membranes (4).

The antidepressant efficacy of SAMe has been stud-
ied in numerous randomized, controlled trials involving
depressed adults in Europe and the United States (6, 7).
Specifically, six randomized, double-blind studies have
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TABLE 1. Baseline Demographic and Clinical Characteristics of Antidepressant Nonresponders Randomly Assigned to

Treatment With S-Adenosyl Methionine (SAMe) or Placebo

Characteristic Antidepressant Plus Placebo (N=34) Antidepressant Plus SAMe (N=39) p
N % N %
Women 23 67.6 21 53.8 0.242
SRI treatment
Fluoxetine 4 11.8 11 28.2
Sertraline 5 14.7 2 5.1
Paroxetine 4 11.8 2 5.1
Citalopram 6 17.6 3 7.7
Escitalopram 6 17.6 11 28.2
Venlafaxine 8 235 8 20.5
Duloxetine 1 2.9 2 5.1
Mean SD Mean SD
Age at onset of major depressive disorder (years) 33.7 13.4 26.3 15.8 0.7°
Lifetime major depressive episodes 2.7 2.4 3.1 2.4 0.65°
Failed trials 1.7 1.8 2.1 2.2 0.38"
HAM-D score at baseline 19.9 3.0 19.1 3.1 0.31°
CGI-S score at baseline 4.2 0.5 4.1 0.5 0.93"

* Values determined using Fisher’s exact test.
®Values determined using t tests.

compared parenteral SAMe monotherapy with a tricyclic
antidepressant for the treatment of major depressive dis-
order; six randomized, double-blind studies have com-
pared parenteral SAMe monotherapy with placebo; and
one randomized, double-blind study has compared par-
enteral SAMe monotherapy with placebo as well as a tri-
cyclic antidepressant (7). In parallel, three randomized,
double-blind studies have focused on the use of oral
SAMe monotherapy versus tricyclic antidepressants for
the treatment of major depressive disorder; three stud-
ies have focused on the use of oral SAMe monotherapy
versus placebo; and one study has focused on the use
of oral SAMe monotherapy combined with the tricyclic
antidepressant imipramine versus placebo (adjunctive
therapy, but not in resistant populations) (7). Although
many of these studies were most likely underpowered
(only five had >25 patients randomly assigned per treat-
ment arm), meta-analyses of these trials consistently
support a potential therapeutic role of parenteral and
oral SAMe in the treatment of depression. For example,
in a meta-analysis of double-blind, randomized clinical
trials comparing SAMe with placebo or with tricyclic an-
tidepressants (8), oral and parenteral SAMe showed su-
perior response rates relative to placebo and equivalent
response rates relative to tricyclic antidepressant mono-
therapy. A subsequent meta-analysis of depression trials
commissioned by the Agency for Health Care Research
and Quality (6) similarly concluded that SAMe (parenter-
al or enteral) was associated with an overall effect size of
0.65 when compared with placebo, translating to a clini-
cally meaningful improvement on the Hamilton Depres-
sion Rating Scale (HAM-D) of approximately five to six
points (9). On the other hand, when SAMe was compared
with active comparators (tricyclic antidepressants), the
effect size was only 0.08 (95% confidence interval: —0.17—
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0.32), suggesting an equivalent efficacy. Unfortunately,
however, despite ample evidence indicating a potential
antidepressant role for SAMe, there is a relative paucity
of data focusing on the efficacy, safety, and tolerability
of oral SAMe as monotherapy or as adjunctive treatment
for antidepressant nonresponders with major depressive
disorder.

Despite the progressive development of dozens of an-
tidepressant agents, evidence suggests that more than
one-half of all patients treated with antidepressant mono-
therapy will fail to experience remission of their major de-
pressive episode. As a result, developing safe, well-tolerat-
ed, and effective treatments that would help bring about
remission among these patients who are antidepressant
partial responders or nonresponders is of paramount
importance. In light of studies suggesting its potential ef-
ficacy, safety, and tolerability when employed as mono-
therapy for major depressive disorder, SAMe represents a
unique opportunity for novel treatment development as
adjunctive therapy for patients who are antidepressant
nonresponders. In a preliminary study conducted by our
group, Alpert et al. (10) reported response and remission
rates of 50% and 43%, respectively, among 30 outpatients
with serotonin reuptake inhibitor (SRI)-resistant major
depressive disorder treated with open-label adjunctive
oral SAMe (400-800 mg/twice daily). Unfortunately, how-
ever, randomized, double-blind, placebo-controlled tri-
als focusing on the use of oral SAMe as augmentation of
antidepressants are lacking. The purpose of the present
study was to examine the efficacy, safety, and tolerability
of SAMe as augmentation of SRIs for patients with ma-
jor depressive disorder who were antidepressant nonre-
sponders. In order to achieve this objective, we conducted
a single-center, randomized, double-blind, placebo-con-
trolled trial of SAMe augmentation of SRIs.
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TABLE 2. Adverse Events Among Antidepressant Nonresponders Randomly Assigned to Treatment With S-Adenosyl

Methionine (SAMe) or Placebo?

Event Antidepressant Plus Placebo (N=34) Antidepressant Plus SAMe (N=39) p°
Gastrointestinal
Diarrhea 5 7 0.76
Upper gastrointestinal upset 7 14 0.19
CNS
Insomnia 2 4 0.67
Somnolence and fatigue 2 4 0.67
Headache 2 4 0.67
Activation® 4 3 0.69
Other
Pruritus 1 1 0.99
Vivid dreams 2 0 0.21

? Events listed were reported by at least two patients.
® Values determined using Fisher’s exact test.
¢ Restlessness, anxiety, jitters, or irritability.

Method

Study Overview and Eligibility Criteria

The study was a single-center, 6-week, randomized, double-
blind trial of SAMe augmentation of SRIs for antidepressant non-
responders with major depressive disorder. Institutional review
board-approved written informed consent was obtained from
all study patients before any study procedures were conducted.
Eligibility was assessed primarily during the screen visit and sec-
ondarily during the baseline visit, which occurred 7 days after the
screen Vvisit.

Patient inclusion criteria were as follows: age 18-80 years; cri-
teria met during the screen and baseline visits for current major
depressive disorder according to the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV [11]), as
assessed by the Structured Clinical Interview for DSM-IV Axis
I Disorders, Patient Edition (SCID-I/P [12]); HAM-D score of at
least 16 at both screen and baseline visits; treatment with an SRI
at adequate doses (a minimally adequate dose was defined as 20
mg/day or more of fluoxetine, citalopram, or paroxetine; 10 mg/
day or more of escitalopram; 50 mg/day or more of sertraline; 60
mg/day or more of duloxetine; and 150 mg/day or more of ven-
lafaxine; this was defined historically); treatment with SRIs for an
adequate duration (defined as treatment at an adequate dose for
at least 6 weeks; this was also defined historically). At the baseline
visit, patients must have been taking a stable dose of an SRI for
the past 4 weeks.

Patient exclusion criteria were as follows: breastfeeding wom-
en, pregnant women, or women of childbearing potential who
were not using a medically accepted means of contraception; pa-
tients who demonstrated a greater than 15% decrease in depres-
sive symptoms as reflected by the HAM-D total score between
the screen and baseline visits; serious suicide or homicide risk,
or unstable medical illness as assessed by an evaluating clinician;
active alcohol or drug use disorder within the last 6 months; his-
tory of mania, hypomania (including antidepressant-induced),
psychotic symptoms, or seizure disorder; clinical evidence of un-
treated hypothyroidism; failure to experience sufficient symptom
improvement following more than four antidepressant trials dur-
ing the current major depressive episode; or prior course of SAMe
or intolerance to SAMe at any dose.

Study Procedures

Patients who were found to be eligible during the baseline visit
were enrolled in the study and randomly assigned to one of two
treatment groups in a 1:1 fashion. One group of patients received
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two dummy pills daily, each identical to a 400 mg SAMe pill in ap-
pearance (administered as one pill twice daily). The second group
received two 400 mg SAMe pills daily (administered as one pill
twice daily).

Postbaseline study visits occurred weekly for a total of six post-
baseline visits. All patients had their number of pills doubled
upon completion of 2 weeks of treatment (2 pills twice daily). SRI
doses remained constant during the 6-week study. Subjects who
were unable to tolerate the study medications, per protocol, were
withdrawn. All patients were instructed to return any excess med-
ication at each visit. A pill count was conducted to corroborate
the study drug record. Protocol violation was defined as <80%
compliance by pill count.

The HAM-D and Clinical Global Impression (CGI [13]) severity
and improvement scales were administered during all postscreen
visits.

Statistical Analysis

The primary outcome measure for the present study was de-
fined as the difference in response rates, according to HAM-D
ratings, between the two treatment groups. The study data set
was defined using the intent-to-treat approach, consisting of
all patients randomly assigned to treatment. Severity of depres-
sion at endpoint for patients who prematurely discontinued the
trial was defined using the last-observation-carried-forward ap-
proach. Response according to HAM-D ratings was defined as a
>50% reduction in scores during treatment (or a final score of <7).

Secondary outcome measures included continuous change in
HAM-D scores and CGI severity ratings during treatment. Sec-
ondary outcome measures also included the proportion of pa-
tients meeting remission status according to HAM-D scores (final
score of <7) or CGI severity ratings (score of 1 at endpoint) and re-
sponse status according to CGI improvement ratings (score of <3
at endpoint). Fisher’s exact test was employed for the comparison
of dichotomous outcomes, while analysis of variance, controlling
for baseline scores, was employed for the comparison of continu-
ous outcomes. All tests were conducted as two-tailed, and alpha
was set at 0.05 for all tests.

Results

A total of 73 patients (44 women [60.2%]) were randomly
assigned to treatment (34 were assigned to adjunctive pla-
cebo and 39 to adjunctive SAMe). Baseline clinical and de-
mographic data for these patients are depicted in Table 1.
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TABLE 3. Vital Signs, Weight, and Lipid Profile of Antidepressant Nonresponders Randomly Assigned to Treatment With

S-Adenosyl Methionine (SAMe) or Placebo

Antidepressant Plus Placebo (N=34)

Antidepressant Plus SAMe (N=39)

Profile Mean SD Mean SD p?
Weight (Ibs)

Baseline 187.2 49.8 186.1 49.0 0.61

Endpoint 178.0 45.5 183.4 46.0 0.05
Total cholesterol (mg/dl)

Baseline 217.4 40.6 2299 53.4 0.33

Endpoint 203.7 39.4 221.4 49.4 0.89
Triglycerides (mg/dl)

Baseline 176.9 80.4 193.5 133.3 0.57

Endpoint 149.5 89.2 162.7 86.5 0.94
High-density lipoprotein (mg/dl)

Baseline 58.2 17.4 55.5 18.1 0.57

Endpoint 60.1 18.1 58.5 18.8 0.57
Low-density lipoprotein (mg/dl)

Baseline 126.1 32.0 131.4 57.9 0.67

Endpoint 113.3 323 130.3 44.7 0.11
Supine systolic blood pressure (mm Hg)

Baseline 119.4 129 121.2 22.4 0.68

Endpoint 119.7 13.7 122.8 15.1 0.04
Supine diastolic blood pressure (mm Hg)

Baseline 79.0 9.1 78.2 9.9 0.71

Endpoint 80.5 9.6 78.4 8.0 0.63
Standing diastolic blood pressure (mm Hg)

Baseline 78.8 9.6 78.3 9.8 0.83

Endpoint 80.5 9.6 78.4 8.0 0.57
Standing systolic blood pressure (mm Hg)

Baseline 117.0 121 122.7 13.8 0.07

Endpoint 120.0 12.2 120.0 13.8 0.74

? Baseline values were determined using t tests, and analysis of variance, controlling for baseline scores, was used to determine endpoint

values.

Of the 73 patients who were randomly assigned, 55
(75.3%) completed the 6-week trial: 24 (70.5%) of those re-
ceiving adjunctive placebo and 31 (79.4%) of those receiv-
ing adjunctive SAMe. Four patients discontinued placebo
and two discontinued SAMe because of inefficacy; three
placebo and two SAMe patients discontinued because of
intolerance; two placebo and three SAMe patients discon-
tinued for other reasons; and one patient from each treat-
ment group was lost to follow-up evaluation. Of the pa-
tients who remained in the study for at least 2 weeks (week
2 was the dose-escalation week), all but two patients who
were treated with SAMe had a dose escalation to 1,600 mg
(two patients did not undergo the dose escalation because
of intolerance), while all but one patient treated with pla-
cebo underwent a dose escalation to two placebo pills
twice daily (one patient did not undergo the dose escala-
tion because of intolerance).

Adverse events for patients who received adjunctive
placebo versus SAMe were similar (Table 2). There were
no statistically significant differences in laboratory re-
sults and vital signs at endpoint between the two treat-
ment groups (Table 3), with the exception of a slightly
higher mean supine systolic blood pressure reading for
patients treated with adjunctive SAMe relative to placebo
(mean difference: 3.1 mm Hg [SD=0.3]). A similar find-
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ing was not observed for other blood pressure measures.
There was also a nearly significant difference (p=0.05)
for higher weight at endpoint among patients treated
with SAMe relative to patients treated with placebo (both
groups demonstrated a numerical reduction in weight
during the course of the trial, with placebo-treated pa-
tients losing, on average, 1.5 Ibs more than SAMe-treated
patients). There were no serious adverse events reported
during the study. In addition, there were no reports of se-
rotonin syndrome when combining SAMe and serotonin
reuptake inhibitors, which has been previously reported
in the literature (14).

Changes in HAM-D scores from baseline in the two
treatment groups are shown in Figure 1. There was a
nearly significant difference (p=0.1) for lower endpoint
HAM-D scores among SAMe-treated patients (mean: 11.1
[SD=6.1]) relative to placebo-treated patients (mean: 15.8
[SD=6.2]). Overall, according to HAM-D ratings, six pa-
tients treated with placebo responded and four remitted,
while 18 patients treated with SAMe responded and 14 re-
mitted, with both outcome measures statistically signifi-
cant in favor of adjunctive SAMe versus placebo (p=0.01
and p=0.02, respectively [Figure 2]). CGI severity ratings
at endpoint were numerically but not statistically higher
for the placebo group (mean: 3.4 [SD=1.1]) relative to the
945
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FIGURE 1. Change in HAM-D Scores During Treatment
Among Antidepressant Nonresponders Randomly Assigned
to S-Adenosyl Methionine (SAMe) or Placebo?
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2 Analysis of variance was used to control for baseline severity; sever-
ity during weeks 1-6 was determined using observed-case analy-
ses; severity at endpoint was determined using last observation
carried forward (LOCF) in the intent-to-treat sample.

SAMe group (mean: 2.7 [SD=1.3]). Remission rates (pla-
cebo group: N=2/34 versus SAMe group: N=10/39, p=0.03)
as well as response rates (placebo group: N=7/34 versus
SAMe group: N=20/39, p=0.02), according to CGI ratings,
were greater for SAMe-treated patients than for placebo-
treated patients.

Discussion

The present study is, to our knowledge, the first ran-
domized, double-blind, placebo-controlled trial evalu-
ating the efficacy, safety, and tolerability of oral SAMe
tosylate as adjunctive therapy for patients with major de-
pressive disorder who are antidepressant nonresponders.
The results of this study provide preliminary evidence
suggesting that SAMe can be an effective, relatively well-
tolerated, and safe adjunctive treatment strategy for SRI
nonresponders with major depressive disorder, and our
findings warrant replication. Specifically, significantly
more patients treated with adjunctive SAMe experienced
clinical response (the a priori primary outcome of the
study) and remission during the course of the study. Re-
sponse rates for SAMe-treated patients versus placebo-
treated patients were 36.1% versus 17.6%, respectively,
while remission rates were 25.8% versus 11.7%, respec-
tively. The number needed to treat for response and re-
mission was approximately one in six and one in seven,
respectively, both within the range of what is considered
clinically relevant (15). In addition, adjunctive SAMe was
found to be relatively well tolerated compared with ad-
junctive placebo, with similar discontinuation rates as a
result of intolerance between the two treatment groups
(SAMe: 5.1% versus placebo: 8.8%, yielding a number
needed to harm of approximately one in 27). Finally,
no serious adverse events were reported in this trial, al-
though a nearly significant difference toward lesser de-
creases in weight (p=0.05) as well as statistically signifi-
cant greater increases in supine systolic blood pressure
946
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FIGURE 2. HAM-D Response and Remission Rates Among
Antidepressant Nonresponders Randomly Assigned to S-
Adenosyl Methionine (SAMe) or Placebo?
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2 Data depict last observation carried forward (LOCF) for all patients
randomly assigned.
® Significant difference between groups (p<0.05, Fisher’s exact test).

(p=0.04) was noted among SAMe-treated patients relative
to placebo-treated patients, which, if confirmed in future
studies, may be of clinical relevance.

Several potential mechanisms of action have been
proposed to mediate the antidepressant effects of SAMe.
It functions primarily as a methyl donor in a variety of
biochemical reactions, including the methylation of
catecholamines (16). Since depression is thought to be
related to dysfunction in neural circuits involving dopa-
mine, serotonin, and norepinephrine, SAMe could act as
an antidepressant by shifting the synthetic equilibrium
in the direction of greater monoamine synthesis. In addi-
tion to methylation reactions, SAMe has been proposed
to increase serotonin turnover, inhibit norepinephrine
reuptake, and augment dopaminergic activity (16). Other
investigations have suggested the presence of antidepres-
sant mechanisms based on SAMe’s effects on brain neuro-
trophic activity, inflammatory cytokines, cell membrane
fluidity, and bioenergetics (16, 4). Should the antidepres-
sant effects of oral SAMe be confirmed in more definitive
trials, future studies examining its potential underlying
mechanism of action would then be warranted.

There are several limitations to this study, which should
be taken into account when interpreting the main findings.
First, the study aimed to provide preliminary evidence on
the efficacy, safety, and tolerability of adjunct oral SAMe
in major depressive disorder and, as a result, was prob-
ably underpowered to consistently detect moderate ef-
fect sizes. Thus, our findings, both those that do and do
not reach conventional statistical significance thresholds,
suggest that this adjunctive intervention shows signifi-
cant promise to justify larger scale, adequately powered
tests of efficacy as well as tolerability and safety (for in-
stance, with respect to supine systolic blood pressure and
weight change). A second limitation was that it involved
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treatment with SAMe or placebo for a total of 6 weeks.
Whether adjunctive SAMe is more effective than placebo
when administered for longer treatment durations re-
mains undetermined. A third limitation was the absence
of a differential dose treatment arm, which could have
yielded important information regarding whether higher
or lower target doses of SAMe are more effective than the
target dose we employed (1,600 mg daily). A fourth limita-
tion was that the study did not employ an active treatment
comparator arm, which could have yielded interesting in-
formation regarding the relative efficacy, tolerability, and
safety of adjunctive SAMe versus other treatment strate-
gies for antidepressant nonresponders. Finally, it is not
possible to directly generalize the present findings to pa-
tient populations who were excluded from this trial (i.e.,
children, adolescents, patients with active alcohol or drug
use disorders, patients with unstable medical disorders,
patients at imminent risk of suicide, and patients taking
non-SRI antidepressants).

In conclusion, the results of the present study, which is
the first randomized, double-blind, placebo-controlled
trial of SAMe augmentation to be conducted in this patient
population, provide preliminary evidence suggesting that
SAMe can be an effective, relatively well-tolerated, and
safe adjunctive treatment strategy for SRI nonresponders
with major depressive disorder. Further studies are re-
quired to confirm whether oral SAMe should be added to
the antidepressant treatment armamentarium.
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