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Monoamine oxidase inhibitors: Seriously underused in the
treatment of major depression

Monoamine oxidase inhibitors (MAOIs) were the first
licensed antidepressants, they were discovered serendipi-
tously, during a trial of iproniazid in patients with tuber-
culosis in the 1950s. Iproniazid appeared to have a
“psychic energizing effect,” which resulted in the
improvement of depressive symptoms in some tuberculo-
sis patients,1 around that time, iproniazid was shown to
inhibit the MAO enzyme. Iproniazid was approved as an
antidepressant, and this led to the development of several
other MAOIs. Brain neurotransmitter levels are inacti-
vated by MAO-A (serotonin, norepinephrine, dopamine)
and MAO-B (dopamine) isoenzymes. Inhibition of the
MAO enzyme leads to an increasing synaptic availability
of these monoamines. In addition, tranylcypromine is
similar in chemical structure to amphetamine and shares
its dopamine-releasing and stimulant-like effects. Tranyl-
cypromine and phenelzine are the most frequently used
non-selective MAOIs, which bind the MAO enzyme irre-
versibly, and deactivate it permanently. Moclobemide is a
selective MAO-A inhibitor, and enters into a reversible
binding to the enzyme. Tranylcypromine and Phenelzine
were widely prescribed until the late 1960s. The use of
MAOIs has declined dramatically, as stated in their net-
work meta-analysis by Gimenez-Palomo et al.2 The his-
torical perspective is important in understanding this
decline.

In the 1960s it was not well understood that MAOIs
inhibit the breakdown of tyramine, and that excessive
tyramine intake when using an MAOI, can lead to a
hypertensive crisis. A series of initially unexplained
hypertensive crises actually occurred, some even result-
ing in stroke. The cause of this “cheese reaction” was
uncovered in the late 1960s, but the fear for the hyperten-
sive reaction remained. Furthermore, in one of the first
large randomized clinical trials in psychiatry,3 which
included 260 depressed patients, both ECT and imipra-
mine appeared to be effective, whereas phenelzine and
placebo were not. In hindsight, one may well argue, that
both the duration of treatment with phenelzine (4 weeks)
and its dose (maximum 60 mg daily) were insufficient,
therefore, phenelzine fell short of its full efficacy poten-
tial. Subsequently, MAOIs were regarded as not very
effective and dangerous antidepressant drugs. This

perception influenced physicians to strongly favor tricy-
clic antidepressants (TCAs) over MAOIs. Usage of
MAOIs further declined, following the development
of newer antidepressants, especially the selective seroto-
nin reuptake inhibitors (SSRIs). Concerns about the
safety profile of MAOIs, including potentially dangerous
drug–drug interactions, which could result in serotonin
syndrome, and the risk of a hypertensive crisis restricted
their use. Furthermore, the use of MAOIs was not pro-
moted by any pharmaceutical company.

In several countries the number of prescriptions of
MAOIs is extremely low: about 500 patients treated in a
population of 16 million.4

A consequence of this low prescription rate is that
psychiatrists in training are rarely educated about
MAOIs. Residents in psychiatry may graduate from excel-
lent training programs with hardly any knowledge about
MAOIs, not knowing specific indications for treatment
with MAOIs, and how to avoid safety issues with these
drugs.

Education within psychiatric training usually focuses
on recent literature and systematic reviews.5 Since the
large majority of studies on MAOIs are dated, they tend
to be strongly underrepresented in recent literature.

Therefore, the comprehensive systematic review by
Gimenez-Palomo et al.2 is a valuable contribution
emphasizing the role of MAOIs in the treatment of major
depression.

The authors concluded that the antidepressant effi-
cacy of MAOIs and other antidepressants was similar.
However, as pointed out by Lee and Wei6 in a letter to
the editor in response to the systematic review, MAOIs
have shown to be superior to other antidepressants in
several subtypes of major depression. At Columbia Uni-
versity New York, a series of six studies were performed
in patients with atypical depression. In patients with
atypical depression, defined as major depression
with preserved mood reactivity and two secondary atypi-
cal symptoms, phenelzine consequently proved to be
more effective than both imipramine and placebo.7 These
six studies comprised 409 patients with an overall
response rate of 26% for placebo versus 44% for imipra-
mine versus 72% for phenelzine.
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The second subtype of major depression, in which
MAOIs probably are superior in efficacy is bipolar
depression. In a systematic review, Heijnen et al.8 found
an overall response rate of 74% for tranylcypromine (40–
60 mg) compared with 28% in control conditions in bipo-
lar depression. Their results emphasize the statement by
Thase and Sachs9 in a previous review: “All other things
equal, the MAOI tranylcypromine could be considered a
treatment of first choice for bipolar depression. The track
record of this drug spanning open-label, placebo-
controlled, and imipramine-comparator clinical trials.”

In an open study in patients with bipolar
depression,10 who already received a mood stabilizer, the
antidepressant effect of tranylcypromine appeared to be
superior to that of paroxetine, as demonstrated by a
recovery rate of 53% on tranylcypromine versus 27% on
paroxetine.

Furthermore, current evidence suggests tranylcypro-
mine and other MAOIs may have a low risk of inducing
a switch into mania.8

Therapeutic experience and non-controlled open
studies suggest a clear therapeutic benefit from tranylcy-
promine in patients resistant to adequate antidepressant
treatment. Unfortunately, there are only relatively few
randomized controlled trials with MAOIs in patients with
treatment-resistant depression (TRD), even though this is
a major indication for their use.

However, a previous meta-analysis comprising a
number of controlled studies, reported an overall
response rate of 58% to tranylcypromine in patients with
TRD.11 Some authors consider tranylcypromine as a first
choice in stage-3 TRD according to the Thase and Rush
classification.12,13

In summary regarding the efficacy of non-selective
MAOIs (especially tranylcypromine): they appear to be
effective in two forms of major depression, which are
notoriously difficult to treat: bipolar depression and
treatment-resistant depression. MAOIs, specifically phe-
nelzine, are also very effective in atypical depression,
which may be less of a clinical challenge.

Moclobemide, a selective MAO-A inhibitor, has less
side-effects than the non-selective MAOIs. Selective
MAOI-A inhibitors, such as moclobemide, were devel-
oped as alternatives lacking the “cheese effect” and vig-
orously promoted in the late 1980s and early 1990s,
with industry sponsored research, leading to substan-
tial prescription of this drug. However, many clinicians
believe that moclobemide is not as effective as nonse-
lective MAOIs such as tranylcypromine or phenelzine.
Consistent with these clinical impressions, is the result
of a meta-analysis showing a clinically significant
advantage for the older MAOIs compared with
moclobemide.14

When using a non-selective, irreversible MAOI (tra-
nylcypromine, phenelzine) it is necessary to follow a
tyramine-restricted diet. Many of the traditional MAOI
diets, which remain standard at numerous hospitals, are
unnecessarily restrictive. Reports of food interactions
with MAOIs published in the early 1960s led to the devel-
opment of stringent dietary restrictions. Consumption of
numerous foods, principally cheese, by patients on
MAOIs was associated with potentially fatal hypertensive
crises.

However, many of the foods once thought to be dan-
gerous for patients on MAOIs are now considered to be
safe. Although the clinician's initial response may be to
choose the more conservative diet, an excessively strin-
gent diet may actually be unfavorable, since psychiatrists
and patients may refrain from considering a potentially
effective treatment with an MAOI. Furthermore, patients
may become lax with their diet after accidentally discov-
ering that certain diet items are actually not harmful.

Numerous studies have attempted to quantify the
tyramine content of food. A tyramine content of less than
6 mg per portion is generally considered safe. Concurrent
administration of an MAOI with drugs increasing the
availability of serotonin might lead to the serotonin syn-
drome. Excessive stimulation of the 5-HT1a and 5-HT2
receptors may result in symptoms of serotonin syndrome.
Most cases of serotonin syndrome have been reported
when an MAOI was combined with meperidine,
L-tryptophan, dextromethorphan, an SSRI, or a TCA that
inhibits the reuptake of serotonin (clomipramine,
imipramine).15

Irreversible MAOIs (tranylcypromine, phenelzine)
are very effective drugs in the treatment of both resistant
and bipolar major depression. They can induce full
remission when other antidepressants, combinations,
and augmentation strategies, and even electroconvulsive
therapy (ECT), have failed. Despite this, they are infre-
quently prescribed, in part because of substantial overes-
timation of their risk profile. Thus, it is essential to have
MAOIs available in the psychiatrist's therapeutic arsenal
and to have clinicians who are knowledgeable about their
usage.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

PEER REVIEW
The peer review history for this article is available at https://
www.webofscience.com/api/gateway/wos/peer-review/10.
1111/acps.13753.

Tom K. Birkenhager1,2

Willemijn T. Heijnen1

2 BIRKENHAGER and HEIJNEN

 16000447, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/acps.13753 by C

A
PE

S, W
iley O

nline L
ibrary on [10/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/acps.13753
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/acps.13753
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/acps.13753
https://orcid.org/0000-0002-6611-6597
https://orcid.org/0000-0002-7390-1606


1Department of Psychiatry, Erasmus Medical Centre,
Rotterdam, The Netherlands

2Collaborative Antwerp Psychiatric Research Institute
(CAPRI), Department of Biomedical Sciences, University of

Antwerp, Antwerp, Belgium

Correspondence
Tom K. Birkenhager, Department of Psychiatry, Erasmus
MC, PO Box 2040, 3000 CA Rotterdam, The Netherlands.

Email: t.birkenhager@erasmusmc.nl

ORCID
Tom K. Birkenhager https://orcid.org/0000-0002-6611-
6597
Willemijn T. Heijnen https://orcid.org/0000-0002-7390-
1606

REFERENCES
1. Loomer HP, Saunders JC, Kline NS. A clinical and pharmaco-

dynamics evaluation of iproniazid as a psychic energizer. Psy-
chiatr Res Rep Am Psychiatr Assoc. 1957;8:129-141.

2. Gimenez-Palomo A, Chamdal AK, Gottlieb A, et al. Efficacy
and tolerability of monoamine oxidase inhibitors for the treat-
ment of depressive episodes in mood disorders: a systematic
review and meta-analysis. Acta Psychiatr Scand. 2024:1-16.

3. Medical Research Council, Report by Clinical Psychiatry Com-
mittee. Clinical trial of the treatment of depressive illness. Brit
Med J. 1965;251:881-886.

4. Shulman KI, Fischer HD, Herrmann N, Huo CY,
Anderson GM, Rochon PA. Current prescription patterns and
safety profile of irreversible monoamine oxidase inhibitors: a
population-based cohort study of older adults. J Clin Psychiatry.
2009;70:1681-1686.

5. Gillman PK, Feinberg SS, Fochtmann LJ. Revitalizing mono-
amine oxidase inhibitors: a call for action. CNS Spectr. 2020;25:
452-454.

6. Lee J-C, Wei L-C. Monoamine oxidase inhibitors in depression
treatment: addressing gaps and future directions. Acta Psy-
chiatr Sand. 2024:1-2.

7. Henkel V, Mergl R, Allgaier AK, Kohnen R, Möller HJ,
Hegerl U. Treatment of depression with atypical features—a
meta-analytic approach. Psychiatry Res. 2006;141:89-1101.

8. Heijnen WT, De Fruyt J, Wierdsma AI, et al. Efficacy of tranyl-
cypromine in bipolar depression—a systematic review. J Clin
Psychopharmacol. 2015;35:700-705.

9. Thase ME, Sachs GS. Bipolar depression-pharmacotherapy and
related therapeutic strategies. Biol Psychiatry. 2000;48:558-572.

10. Mallinger AG, Frank E, Thase ME, et al. Revisting the effec-
tiveness of standard antidepressants in bipolar depression: are
monamine oxidase inhibitors superior? Psychopharmacol Bull.
2009;42:64-74.

11. Ricken R, Ulrich S, Schlattmann P, Adli M. Tranylcypromine
in mind (part II)—review of clinical pharmacology and meta-
analysis of controlled studies in depression. Eur Neuropsycho-
pharmacol. 2017;27:714-731.

12. Nolen WA, van de Putte JJ, Dijken WA, et al. Treatment strat-
egy in depression. II. MAO inhibitors in depression resistant to
cyclic antidepressants: two controlled crossover studies with
tranylcypromine versus L-5-hydroxytryptophan and nomifen-
sine. Acta Psychiatr Scand. 1988;78:676-683.

13. Birkenhager TK, van den Broek WW, Mulder PG, et al. Effi-
cacy and tolerability of tranylcypromine versus phenelzine: a
double-blind study in antidepressant-refractory depressed inpa-
tients. J Clin Psychiatry. 2004;65:1505-1510.

14. Lotufo-Neto F, Trivedi M, Thase ME. Meta-analysis of the
reversible inhibitors of monoamine oxidase type a moclobe-
mide and brofaromine for the treatment of depression. Neurop-
sychopharmacology. 1999;20:226-247.

15. Rapaport HM. Dietary restrictions and drug interactions with
monoamone oxidase inhibitors: the state of the art. J Clin Psy-
chiatry. 2007;68(suppl 8):42-46.

How to cite this article: Birkenhager TK,
Heijnen WT. Monoamine oxidase inhibitors:
Seriously underused in the treatment of major
depression. Acta Psychiatr Scand. 2024;1‐3. doi:10.
1111/acps.13753

BIRKENHAGER and HEIJNEN 3

 16000447, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/acps.13753 by C

A
PE

S, W
iley O

nline L
ibrary on [10/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

mailto:t.birkenhager@erasmusmc.nl
https://orcid.org/0000-0002-6611-6597
https://orcid.org/0000-0002-6611-6597
https://orcid.org/0000-0002-6611-6597
https://orcid.org/0000-0002-7390-1606
https://orcid.org/0000-0002-7390-1606
https://orcid.org/0000-0002-7390-1606
info:doi/10.1111/acps.13753
info:doi/10.1111/acps.13753

	Monoamine oxidase inhibitors: Seriously underused in the treatment of major depression
	CONFLICT OF INTEREST STATEMENT
	PEER REVIEW
	REFERENCES


