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The theory that depression is caused by a serotonin abnormality or other chemical imbalance has become widely
accepted by the public and is one prominent justiﬁcation for the use of antidepressants. However, it has been
increasingly questioned and there is little evidence it has empirical support. In response, leading psychiatrists
suggested it was an ‘urban legend’ that was never taken seriously by the psychiatric profession. To interrogate
these claims, we examined the coverage of the serotonin theory of depression in a sample of highly cited and
inﬂuential academic literature from 1990, when the theory started to be popularized, to 2010 when these responses were articulated. We analysed 30 highly cited reviews of the aetiology of depression in general, 30 highly
cited papers on depression and serotonin speciﬁcally and a sample of inﬂuential textbooks. The majority of the
aetiology reviews supported the hypothesis, including some that were entirely devoted to describing research on
the serotonin system, and those that reviewed the aetiology of depression more broadly. Research papers on the
serotonin system in depression were highly cited and most of them strongly supported the serotonin theory. All
textbooks supported the theory, at least in some sections, and devoted substantial coverage to it, although some
also acknowledged it remained provisional. The ﬁndings suggest that the serotonin theory was endorsed by the
professional and academic community. The theory is compared to an exhausted Kuhnian paradigm with professional equivocation about it acting as a means of defending it against encroaching criticism. The analysis
suggests that, despite protestations to the contrary, the profession bears some responsibility for the propagation of
a theory that has little empirical support and the mass antidepressant prescribing it has inspired.

1. Introduction
The idea that depression is caused by lowered serotonin or another
brain chemical imbalance has become, in the 21st century, what France
et al. (2007) described as the ‘dominant cultural story of depression
aetiology’ (France et al., 2007) (P 411). Social scientist, Nikolas Rose has
reﬂected on how this story has changed the way people think about their
moods and, by extension, their very concept of themselves. As people
have started to ‘recode their moods and their ills in terms of their brain
chemicals,’ they have come to think of themselves as ‘neurochemical
selves,’ with profound implications for their sense of agency and
self-efﬁcacy (Rose and Stehr, 2004) (P 28).
Despite this situation, leading psychiatrists have claimed that the
chemical imbalance theory of the aetiology of depression is an ‘urban
legend’ that was never ‘seriously propounded by well-informed psychiatrists’ (Pies, 2011a). These comments were made in response to

increasing criticism of the theory, and reﬂect a common medical outlook
today (Eske, 2019). In this paper we present evidence that this position is
patently false, and acts as a means of defending a theory that has been
described as an obsolete Kuhnian paradigm (Healy, 1987) against
encroaching criticism, paradoxically enabling it to survive and to
continue to be inﬂuential.
1.1. The historical context
The chemical imbalance theory was ﬁrst proposed in the 1960s
(Schildkraut, 1965). At that time, interest focused mainly on the neurochemical noradrenaline, but serotonin (5-hydroxytryptamine or 5-HT)
was also proposed to be relevant (Coppen, 1967). What came to be
known as the ‘monoamine hypothesis’ (noradrenaline and serotonin are
both classiﬁed as monoamines), was stimulated by the belief that certain
prescription drugs targeted the basis of mood, particularly drugs that
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Fig. 1. Selection of aetiology of depression review papers.

Fig. 2. Selection of serotonin ‘link’ papers.

were named 'antidepressants' (Moncrieff, 2008a).
The serotonin version of the monoamine hypothesis, or the ‘serotonin
hypothesis’, was further embedded in the professional and popular
psyche following the introduction of the selective serotonin reuptake
inhibitor (SSRI) antidepressants into the market from the late 1980s.
SSRIs inhibit serotonin transporter proteins from transporting serotonin
from the synaptic cleft back into the presynaptic neuron and are therefore
thought to increase the availability and activity of synaptic serotonin.
Throughout the 1990s and beyond, the pharmaceutical industry promoted the idea that depression was the result of an ‘imbalance’ or deﬁciency of brain serotonin, and that SSRIs were ‘magic bullets’ that
reversed this underlying abnormality (Healy, 2015). A patient information leaﬂet from the 1990s, for example, informed people that ‘when
serotonin is in short supply, you may suffer from depression’ (Valenstein,
1998) (cited on P 181). A direct-to-consumer advertisement from 2003
told consumers that ‘while the cause is not known, depression may be
related to an imbalance of natural chemicals between nerve cells in the

Table 1
Psychiatry and psychopharmacology textbooks examineda.
Subject

Country

Ed. (Year)

Title

Psychopharmacology

US

Essential Psychopharmacology

Psychopharmacology

UK

Psychiatry

UK

Psychiatry

UK

Psychiatry

UK

Psychiatry

US

1st Ed.
(1996)
2nd Ed.
(2004)
2nd Ed.
(2009)
5th Ed.
(1993)
2nd Ed.
(2004)
9th Ed.
(2009)

a

Fundamentals of Clinical
Psychopharmacology
New Oxford Textbook of
Psychiatry
Companion to Psychiatric Studies
Core Psychiatry
Comprehensive Textbook of
Psychiatry

Full references are provided in the supplementary information.
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Table 2
Scope of the aetiology review papersa.

Table 4
Support for the serotonin hypothesis among selected serotonin ‘link’ papersa.

Scope

Papers

Reviews a range of factors in the aetiology
of depression (n ¼ 14)

Dunn and Dishman (1991), Nemeroff
(1998), Yadid et al. (2000), Gottfries
(2001), Manji et al. (2001), Wong and
Licinio (2001), Nemeroff (2002),
Nestler et al. (2002), Kalia (2005),
Maletic et al. (2007), Shelton (2007),
Krishnan and Nestler (2008), Maletic
and Raison (2009), Krishnan & Nestler
(2010),
Licino and Wong (1999), Ehlert et al.
(2001), Rice et al. (2002), Myint and
Kim (2003), Gillespie and Nemeroff
(2005), Sahay & Hen (2007), Castren
and Rantam€aki (2010)
Drevets (1999), Delgado (2000),
Middlemiss et al. (2002), Neumeister
(2003), Uher & Mcgufﬁn (2010),
Price et al. (1994), Heim et al. (1997),
Heim et al. (2004), Maniglio (2010)

Reviews a speciﬁc alternative biological
hypothesis to the serotonin hypothesis
(n ¼ 7)

Reviews research on a speciﬁc aspect of
the serotonin system (n ¼ 5)
Reviews social or environmental
aetiological factors (n ¼ 4)
a

Full references to all the papers are provided in the supplementary
information.

Table 3
Support for the serotonin hypothesis among selected aetiology papersa.
Degree of support for the
serotonin hypothesis

Number of
papers N ¼
30

References

Unequivocal support for
serotonin having a direct role
in the aetiology of depression

11

Serotonin as part of the causal
pathway of depression

9

Suggestive support for the
serotonin hypothesis
Discounts the serotonin
hypothesis
Ambiguous
Not covered

1

Nemeroff, 1998; Delgado, 2000;
Yadid et al., 2000; Gottfries,
2001; Middlemiss et al., 2002;
Nemeroff, 2002; Myint and Kim,
2003; Neimeister, 2003; Heim
et al., 2004; Kalio, 2005; Maletic
et al., 2007
Dunn & Dishman, 1991; Heim
et al., 1997; Drevets, 1999;
Lianio and Wong, 1999; Manji
et al., 2001; Shelton, 2007;
Krishnan & Nestler, 2008;
Maletic & Raison, 2009; Uher
and McGufﬁn, 2010
Wong and Licinio, 2001

1

Krishnan and Nestler, 2010

1
7

Nestler et al., 2002
Price et al., 1994; Ehlert et al.,
2001; Rice et al., 2002; Gillespie
and Nemeroff, 2005; Sahay and
Hen, 2007; Maniglio, 2010;
Castren and Rantamaki, 2010

a

Degree of support for the
serotonin hypothesis

Number of
papers N ¼
30

References

Unequivocal support for
serotonin having a direct role
in the aetiology of depression

16

Serotonin as part of the causal
pathway of depression

6

Suggestive support for the
serotonin hypothesis

4

Discounts (challenges) the
serotonin hypothesis
Ambiguous
Not covered

1

Owens and Nemeroff, 1994;
Maes and Meltzer, 1995; Artigas
et al., 1996; Graeff et al., 1996;
Ogilvie et al., 1996; Lucki, 1998;
Stockmeier et al., 1998; Drevets
et al., 1999; Ressler and
Nemeroff, 2000; Young and
Leyton, 2002; Blier and Ward,
2003; Celada et al., 2004; Eley
et al., 2004; Mollwer and
Schwartz, 2007; Seo et al., 2008;
Maes et al., 2009
Altar, 1999; Holsboer, 2000;
Kaufman et al., 2004; Groves,
2007; Maes, 2008; Uher and
McGufﬁn, 2010
Hirschﬁeld, 2000; Svenningsson
et al., 2006; Ruhe et al., 2007;
Savitz et al., 2009;
Lacasse and Leo, 2005

a

1
2

Risch et al., 2009
Kirsch et al., 2002; Whittington
et al., 2006

Full references are provided in the supplementary information.

depression has been paralleled by an extraordinary increase in the use of
antidepressants all over the world. Prescriptions of antidepressants in
England increased three times between 1988 and 1998 (Middleton et al.,
2001) and more than tripled again from 1998 to 2018 (Bogowicz et al.,
2021). By 2017, 17% of the population of England were prescribed an
antidepressant (Taylor et al., 2019). Prescriptions have been rising
throughout Europe over the same period, with some countries in Eastern
Europe, where use was previously low, showing increases of 5–6 times
since 2000 (Organisation for Economic Co-Operation and Development,
2020). In the United States, antidepressant prescriptions increased over 4
times between the late 1980s and the mid-2000s (Wehrwein, 2011) and
have continued to increase (Mojtabai and Olfson, 2010). Data from China
shows prescriptions have risen across the country in recent years (Yu
et al., 2020). Evidence also indicates that increasing numbers of people
are taking antidepressants on a long-term basis (Taylor et al., 2019;
Mojtabai and Olfson, 2010). Research conﬁrms that the belief that
depression is due to a ‘chemical imbalance’ is widespread among antidepressant users and can encourage people to ask for antidepressants,
and prevent people from trying to stop them (Read et al., 2015; Cohen
and Hughes, 2011; Eveleigh et al., 2019).

Full references are provided in the supplementary information.

1.2. Debate and controversy in the 21st century

brain’ and that ‘prescription Zoloft works to correct this imbalance’
(Pﬁzer. Zoloft advertsiement, 2004) (cited in Lacasse and Leo, 2005).
This message was propagated on popular websites (Demasi and
Gotzsche, 2020), and best-selling books, such as Listening to Prozac
(Kramer, 1993), spread the news of the apparently miraculous effects of
SSRIs, which appeared to conﬁrm the serotonin theory. Professional organisations, such as the American Psychiatric Association echoed drug
company rhetoric, suggesting in a patient leaﬂet produced in 2005 that
‘antidepressants may be prescribed to correct imbalances in the levels of
chemicals in the brain’ (American Psychiatric Association, 2005).
Consequently, a large proportion of the population came to believe that
depression is caused by a ‘chemical imbalance’, with surveys conducted
in the 2000s ﬁnding that 88% of respondents in Australia and 85% in the
US endorsed this idea (France et al., 2007; Pilkington et al., 2013).
The marketing of the SSRIs and the associated serotonin theory of

Despite widespread public acceptance, the 21st century saw
increasing debate about the serotonin theory of depression within professional, academic and popular fora. In 1987, Irish psychopharmacologist, David Healy, was already describing how evidence did not support
the amine theory of depression, either in relation to noradrenalin or to
serotonin (Healy, 1987). In his 1997 book The Antidepressant Era, he
concluded that ‘no abnormalities of either catecholamine or 5HT (serotonin) systems have ever been replicated in a manner that has commanded widespread support’ (Healy, 1997) (P 159). Critics also pointed
to the lack of evidence to support the serotonin theory of depression
(Valenstein, 1998; Breggin, 1997), but these views did not reach peer
reviewed journals or mainstream media outlets or make an impression on
what passed for general psychiatric knowledge before the 2000s.
In 2005, two American academics, Jeffrey Lacasse and Jonathan Leo,
published a paper detailing the ‘disconnect’ between pharmaceutical
3
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lie. 2016. Available from https://davidhealy.org/wp-content/uploads/
2016/06/When-doctors-mislead-the-chemical-imbalance-lie.pdf.
Accessed 10th Dec 2021), and Pies has continued to claim that the profession was not responsible for promoting the theory (Pies, 2019). Psychiatrist, David Healy, also argued that the ‘lowered serotonin story took
root in the public domain rather than in psychopharmacology’ and that
researchers only used the ‘language’ of lowered serotonin as a ‘form of a
symbol referring to some physiological abnormality that most still presume will be found to underpin melancholia—although not necessarily
primary care “depression”’ (Healy, 2015) (P 1). However, Healy also
acknowledged that the serotonin myth had ‘co-opted doctors and patients’ and plenty of evidence now conﬁrms that doctors used the idea of
an underlying chemical imbalance or serotonin abnormality to justify the
prescription of antidepressants (Cohen and Hughes, 2011; Read et al.,
2020).
To this day, there is no deﬁnitive, accepted position on the serotonin
theory of depression, but no consistent evidence of an association between markers of reduced serotonin activity or concentration and
depression has been found (Moncrieff, J.; Cooper, R.; Stockmann, T.;
Amendola, S.; Hengartner, M.P.; Horowitz, M.A. The serotonin theory of
depression: a systematic umbrella review of the evidence. Manuscript
submitted for publication.). The efﬁcacy of antidepressants has also been
questioned by numerous researchers who have shown that the differences between antidepressants and placebo are marginal, unlikely to be
clinically signiﬁcant and plausibly explained by factors other than the
presumed therapeutic, pharmacological effects (Jakobsen et al., 2019;
Munkholm et al., 2019). Several authors have highlighted how
mind-altering drugs, including antidepressants, can affect mood and
other mental faculties without targeting a disorder-speciﬁc biological
mechanism (Breggin, 1997; Moncrieff and Cohen, 2005). Therefore, the
mode of action of a drug does not necessarily indicate anything about the
biology of the condition it is used to treat. Although there remain plenty
of advocates for antidepressants, the media has paid increasing attention
to evidence suggesting they are over-used and potentially harmful,
including stories of those who have suffered from severe and protracted
withdrawal symptoms after trying to stop antidepressants (Carey, B. &
Gebeloff, R. Many People Taking Antidepressants Discover They Cannot
Quit. New York Times, 7th April 2018). People who have been harmed by
antidepressants have been critical of the overprescribing of these drugs
and the propagation of the ‘serotonin myth’ (Fennell, L. & Bradshw, M.
When doctors mislead; the chemical imbalance lie. 2016. Available from
https://davidhealy.org/wp-content/uploads/2016/06/When-doctorsmislead-the-chemical-imbalance-lie.pdf. Accessed 10th Dec 2021; Fox
D., A Worldwide Epidemic – the Misuse of Anti-depressant Medications
2016. Accessed 13th Oct 2021. Available at https://www.madinamerica.com/2016/05/a-worldwide-epidemic-the-misuse-of-anti-depressantmedications/). In a 2015 article in the BMJ, David Healy described the
serotonin theory as a ‘myth’ and an example of ‘neurobabble,’ whose
inﬂuence and popularity was attributable to marketing rather than science (Healy, 2015).
Much psychiatric opinion now follows Pies' lead and expresses the
view that the idea that depression is caused by brain chemical imbalances
is an ‘over-simpliﬁcation’ that should not be taken too seriously (Eske,
2019; Pariante, 2018; Royal College of Psychiatrists, 2019). On the other
hand, some psychiatrists continue to defend the serotonin hypothesis of
depression (Harmer and Cowen, 2018) and Pies himself still promotes
the monoamine hypothesis in a form that has apparently been ‘modiﬁed
and corrected to reﬂect more complex biological mechanisms in major
mood disorders’ (Pies, 2019). Public information, including that produced by psychiatric organisations like the APA, continues to suggest that
‘differences in certain chemicals in the brain may contribute to symptoms
of depression’ and antidepressants are still presented as correcting
chemical imbalances (American Psychiatric Association, 2021). Thus,
current attitudes reﬂect the paradoxical situation in which the chemical
imbalance theory of depression is simultaneously endorsed and
disowned.

company advertising and the ofﬁcial position on the serotonin theory
(Lacasse and Leo, 2005). The paper was published in a widely read online
medical journal, PLOS Medicine, newly set up by the ex-editor of the
British Medical Journal (BMJ). The authors compared the messages
commonly presented in advertisements, which emphasised the idea that
depression is caused by a chemical imbalance corrected by antidepressants, with statements by academics and researchers claiming that the
serotonin theory of depression was unsupported or unproven. The latter
were mostly voiced by established critics of biological psychiatry, such as
Elliot Valenstein, but some came from more mainstream ﬁgures.
The article received considerable attention, because it was the ﬁrst
time the media had wind of the possibility that the serotonin theory
might not be supported by evidence. It provoked a defensive response
from some leading psychiatrists. Wayne Goodman, academic psychiatrist
and chair of the FDA psychopharmacological committee, admitted that
evidence of a neurochemical deﬁciency in people with depression was
‘elusive’, but described the chemical imbalance as a ‘useful metaphor,’
although not one he would use with his own patients (Anonymous,
2005). However, he still asserted that depression ‘is a chemically or
brain-based problem and that the medications are normalizing function,’
and maintained that the idea of a chemical imbalance was a ‘reasonable
shorthand’ to describe this situation (Meek, 2006).
In 2011, Ronald Pies, editor-in-Chief Emeritus of Psychiatric Times
and one of America's most prestigious psychiatrists, responded to a report
published by the Citizens Commission on Human Rights (CCHR, a
Church of Scientology organisation) in a similar vein. It was in this article
that he dubbed the chemical imbalance theory of depression an ‘urban
legend’ and claimed that no well-informed psychiatrist had ever believed
it, since they understood the true biopsychosocial nature of mental disorders. Unfortunately, he continued, this had not been widely understood, and ‘opponents of psychiatry mendaciously attribute the phrase to
psychiatrists themselves’. According to Pies, the theory had been propagated by the pharmaceutical industry alone, and should be ‘consigned to
the dust-bin of ill-informed and malicious caricatures’ (Pies, 2011a).
A few months later, apparently in reply to a confused reader, and most
likely in response to people protesting that they had, indeed, been told by
a psychiatrist that they had a chemical imbalance, he confessed that
many psychiatrists do use the chemical imbalance explanation. He went
on to claim, however, that psychiatrists don't fully believe it, so they ‘feel
uncomfortable and a little embarrassed’ when they do so. They only use
it, apparently, to make their patients feel better, and to save time. Having
said this, Pies went on to distinguish between what he characterized as a
crude and mistaken theory of chemical imbalances, and the more sophisticated and nuanced ‘biogenic amine hypothesis’ that holds that
depression is partially caused by neurochemical abnormalities in
conjunction with other factors (Pies, 2011b).
In 2014 Pies repeated this position along with the accusation that
‘antipsychiatry’ groups had wrongly propagated the idea that ‘a monolithic entity called “Psychiatry” has deliberately misled the public as to
the causes of mental illness, by failing to debunk the chemical imbalance
hypothesis’ (Pies, 2014). In 2015, he responded to a further article by
Lacasse and Leo making similar points (Pies, 2015). However, another
psychiatrist, Daniel Carlat, responding to the same article, declared that
he told patients that antidepressants work by ‘rebalancing’ brain chemicals, and denied that there was any serious doubt about the serotonin
theory of depression: ‘while we don't understand exactly what serotonin's
role is … it is clear that effective antidepressants exert their actions via
shifts in the brain's biochemical milieu- and that serotonin is one of the
central players in the drama’ (Carlat, 2015).
1.3. Current ideas
The debate about whether or not the serotonin theory was promoted
by the psychiatric profession has continued. Critics of psychiatry have
repeatedly asserted that the profession misled the public (Hickey, 2021;
Fennell, L. & Bradshw, M. When doctors mislead; the chemical imbalance
4
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2. Aims

1.
2.
3.
4.

Papers in the English language
Papers published between 1990 and 2010
A citation count of at least 100
Primary diagnosis of interest was depression or a subtype of depression (e.g. major depressive disorder, adolescent depression etc.)
5. Papers consisted of reviews (for the aetiology review papers only)

The early history of the serotonin hypothesis has been welldocumented (France et al., 2007; Moncrieff, 2008a; Lopez-Munoz and
Alamo, 2009), but subsequent events are less clear. In particular, the
extent to which professional psychiatry and the research community
accepted and propounded the theory remains uncertain. In the light of
recent debate, the current project aimed to clarify the extent of support
for the serotonin hypothesis within the scientiﬁc and professional literature at the height of its popularity. We aimed to establish whether the
serotonin theory was indeed an ‘urban legend’ that was never endorsed
by the psychiatric community, or whether it was viewed as a credible
scientiﬁc theory deemed worthy of investigation and dissemination.
We undertook an exploration of the scientiﬁc literature between 1990
and 2010 using contemporary sources. Prozac was launched in the late
1980s, and by 1990 the SSRIs were making signiﬁcant inroads into the
depression market. During the ﬁrst decade of the 21st century the serotonin hypothesis came under increasing attack. The 1990s and 2000s can
therefore be viewed as the period when the serotonin hypothesis was at
its peak popularity and inﬂuence.
David Healy referred to the monoamine hypothesis as a defunct
Kuhnian paradigm in the 1980s and speculated that it had remained
inﬂuential because it satisﬁed the need for a neat and compelling biological explanation of depression (Healy, 1987). In the light of our
ﬁndings, we consider how the serotonin theory might serve the interests
of doctors and researchers and how, paradoxically, disclaiming the theory may enable it to survive.

Papers were excluded if they examined depression associated with
another primary condition (except for anxiety disorders or unless a section of the paper was speciﬁcally dedicated to examining depression
independent of the primary condition). Decisions about inclusion were
discussed within the author team to achieve a consensus when there was
confusion. The ﬁrst 30 papers ordered by citations that satisﬁed the
eligibility criteria for ‘link’ papers and aetiology papers were selected for
inclusion (see Figs. 1 and 2).
All included papers were read thoroughly by the ﬁrst author and
checked by one of the other two authors to identify the degree of support
presented for the serotonin hypothesis. All differences of interpretation
were discussed among all the authors and agreement reached. The papers
might explicitly propose that serotonergic mechanisms have a causal
effect on depression or support the hypothesis at an implicit level, which
was inferred from the manner in which links between serotonergic factors and depression were described. The strength of support for the serotonin hypothesis was gauged depending on whether the paper posited
that a causal relationship between serotonin and depression had been
demonstrated or was well-supported, either on its own or in conjunction
with other factors, whether it presented the hypothesis as a possibility
that was in need of conﬁrmation, or whether the hypothesis was not
covered, challenged, discounted or refuted.

3. Methods

3.2. Textbooks

Two main types of source material, academic journal articles and
textbooks, were identiﬁed to capture beliefs about a serotonin-oriented
explanation of depression held by members of the psychiatric
community.

A selection of well-known psychiatry and psychopharmacology textbooks published between 1990 and 2012 in the UK and US, were identiﬁed. UK and US textbooks were chosen as being inﬂuential, accessible
and in English. Textbooks provide a snapshot of the accepted state of
ofﬁcial knowledge at a particular point in time, and are inﬂuential as
reference works and sources of education for those entering the ﬁeld.
Included textbooks are listed in Table 1.
In addition to describing the content of the coverage of serotonin and
depression in each textbook, we compared the proportion of the textbook
dedicated to the discussion of serotoninergic factors with the coverage of
other causal factors.

3.1. Journal articles
Two types of journal article were identiﬁed to be included: reviews of
the aetiology or biological aetiology of depression and papers that
examine the link between serotonin and depression speciﬁcally (‘link’
papers). The former provide an overview of the attention and emphasis
given to the serotonin hypothesis or serotonergic factors among all potential causes of depression. The latter indicate the nature of research
that has speciﬁcally investigated links between serotonin and depression,
its conclusions and its degree of inﬂuence. In both cases, we selected the
top 30 most highly cited papers that fulﬁlled our inclusion criteria.
Papers were identiﬁed using Google Scholar. Google Scholar's search
algorithm uses a ‘relevancy ranking’ function that sorts results both by
relevance and the number of times cited, offering a good compromise
between the two. The aetiology of depression review papers were
retrieved using the search terms “aetiology of depression”, “etiology of
depression”, “biology of depression” and “neurobiology of depression”.
The search terms used to identify papers examining the serotonin ‘link’
papers were: “serotonin and depression”, “5-HT and depression”, "role of
serotonin in depression” and “serotonin hypothesis of depression”.
In order to obtain a sample of the 30 most highly cited and relevant
papers of each type, the ﬁrst 20 results from Google Scholar using each
search term were retrieved, resulting in a pool of 80 papers for each
category. In addition, 16 ‘link’ papers identiﬁed during preliminary
surveys of the literature were included in the pool and their citation
counts retrieved from Google scholar. Duplicate papers were removed,
and the remaining papers were ranked manually according to citation
count. The papers were screened for eligibility in rank order until a
sample of 30 eligible papers was identiﬁed. Inclusion criteria consisted
of:

4. Results
4.1. Aetiology review papers
Fig. 1 shows the selection process for the 30 included reviews on the
aetiology of depression. Table 2 summarizes the principal aims and scope
of each paper. They were all highly cited with citations ranging from
3432 to 115 and a mean of 607 (SD ¼ 710). The role of the serotonin or
the wider monoamine hypothesis was explicitly discussed in 23 of the
papers, ﬁve of which were devoted entirely to aspects of the serotonin
system. Only seven did not mention it at all, two of which were focused
on the role of environmental factors in the aetiology of depression.
As presented in Table 3, 11 papers unequivocally supported the serotonin hypothesis of depression, claiming there was ‘overwhelming
evidence’ of serotonin deﬁciency in depression (Nemeroff, 2002), ‘substantial indirect evidence’ (Delgado, 2000), and that the theory is
‘corroborated’ and ‘well-established’ (Middlemiss et al., 2002).
Another nine papers proposed that serotonin abnormalities were not
the primary cause of depression, but are part of the causal pathways by
which depressive symptoms are produced. Many of these papers stressed
that depression is caused by an interaction of a multiplicity of factors in a
‘complex dysregulation of inter-related neurotransmitter systems and
5
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distributed brain networks’ (Maletic and Raison, 2009), or a ‘complex
interaction of multiple-susceptibility’ (Sahay and Hen, 2007), and
acknowledged the inconsistencies of the research on serotonin function.
Most nevertheless suggested that serotonin abnormalities mediate
depressive symptom production or effects of antidepressants. Three
implicated serotonin in the mechanism whereby stress effects mood
(Dunn and Dishman, 1991; Heim et al., 1997; Licinio and Wong, 1999)
and one cited the involvement of serotonin as corroborating evidence for
the effects of inﬂammatory processes associated with stress (Licinio and
Wong, 1999). One concerned evidence on the serotonin transporter
(SERT) gene and environmental adversity, concluding that previous
negative ﬁndings might be accounted for by use of particular methods
(Uher and McGufﬁn, 2010).
One paper explicitly discounted the serotonin hypothesis (Krishnan
and Nestler, 2010). The authors noted there is ‘little evidence’ to implicate deﬁcits of serotonin or other neurotransmitters in the aetiology of
depression, and instead reviewed biological research from a diverse array
of other areas. They also acknowledged ‘there is no a priori reason that
the mechanisms of action of a treatment is the opposite of disease pathology’ (P 1307), although throughout the rest of the article antidepressants were portrayed as acting by modifying the presumed biological
basis of depression at some level. However, in a previous paper, the same
authors proposed that although serotonin deﬁciency should not be
viewed as the primary cause of depression, the serotonin system is
nevertheless involved in the mechanisms of antidepressant action, and
this was suggested to provide an indication of the aetiology of depression
(Krishnan and Nestler, 2008). An earlier paper, published by one of the
authors in 2002, which is the most highly cited of all the aetiology papers
with 3432 citations, was ambiguous in relation to the role of serotonin.
The paper refers to the complexity of the research on antidepressant
action, particularly how antidepressants are thought to have delayed
effects on mood but immediate effects on neurotransmitter levels, but
goes on to conclude that this indicates that ‘some gradually developing
neuroadaptation’ to the increased neurotransmitter levels ‘would appear
to mediate drug action,’ suggesting the serotonin system is still considered the basis of drug action (P 15).

support for the theory that serotonin is involved in the pathophysiology
of depression, either directly or as part of a causal pathway involving
other systems. Although several papers stressed the complexity of the
area, with statements such as: ‘complex emotional states cannot be
reduced to imbalances of a single neurotransmitter’ nevertheless the
association between serotonin and depression was said to be ‘generally
acknowledged’ (Graeff et al., 1996) (P. 129), of ‘special importance’
(Maes and Meltzer, 1995) (P. 943) and supported by ‘abundant evidence’
(Ressler and Nemeroff, 2000) (P. 2). One paper referred to the association between serotonin abnormalities and depression as a ‘textbook
truism’ (Maes et al., 2009) (P. 28).
Four papers were less emphatic and stressed how research was
inconclusive or ‘enigmatic’ (Svenningsson et al., 2006) (P. 77), but still
suggested that serotonin might be, or was ‘probably’ (Ruhe et al., 2007)
(P. 354) involved in the aetiology of depression. One paper was ambiguous. Risch et al. (2009) (Risch et al., 2009) found no evidence that the
SERT gene, either on its own or in interaction with negative life events
was associated with depression, but the authors drew no conclusions
about the relationship between serotonin and depression.
4.3. Textbooks
All the textbooks acknowledged that the serotonin hypothesis is ultimately a hypothesis and not necessarily proven, and some stressed the
complexity of the nervous system and the provisional nature of research
ﬁndings on the biological basis of depression. The New Oxford Textbook,
for example states that ‘We are still a long way from understanding, with
any precision, the critical connections and cellular mechanisms’ (Gelder
et al., 2009) (P. 663). Nevertheless, all the textbooks devoted considerable space to describing the serotonin system, how it might be involved
in the aetiology of depression, the action of antidepressants drugs on
serotonin, and evidence that supports the role of serotonin in depression.
Three textbooks gave roughly equal attention to serotonin or serotonergic factors compared to other neurotransmitters and factors in the
aetiology of depression. Two devoted a disproportionately greater
amount of text to the role of serotonin and one, Stephen Stahl's Essential
Psychopharmacology, devoted almost the entire section on the biological
basis of depression to monoamines, including serotonin (Stahl, 1996).
As well as the extensive coverage of the theory, all six of the textbooks
provided some degree of support or endorsement for the hypothesis. The
leading US textbook of psychiatry stated unequivocally that ‘the importance of NE [noradrenalin or norepinephrine] and 5-HT [serotonin]
neurotransmission in the pathophysiology and treatment of mood disorders remains unquestioned.’ (Sadock et al., 2009) (P. 1670). Research
on genetics, hormones, the stress response and antidepressant effects
were described as pointing to serotonin perturbations as the ‘central
disturbance’ in depression, and it was suggested that a variety of research
methods point to ‘abnormalities of monoamine neurotransmission’ or
‘5-HT dysfunction’ (P. 1670–1671).
Stephen Stahl's textbook acknowledged that some research on serotonin has ‘mixed and sometimes confusing results’ (Gelder et al., 2009)
(P. 122), and that the action of some antidepressants is inconsistent with
the serotonin or monoamine theory, but then presented these systems in
detail as being the basis of depression and the action of antidepressants.
Three of the four British textbooks downplayed the role of serotonin
in some sections of the text, yet explicitly supported the hypothesis in
other places. One of these, Companion to Psychiatric Studies, suggested in
an early chapter on clinical psychopharmacology, that it ‘would seem
prudent from a clinical perspective to view the amine hypothesis as a set
of working proposals that provide for the testing of certain essentially
therapeutic models’ (Johnstone et al., 1998) (P. 102). However, in a
subsequent chapter on ‘mood disorders’, written by another author (Guy
Goodwin, a well-known biologically-oriented British psychiatrist) it was
claimed that genetic research, particularly research on the serotonin
transporter gene, will ‘conﬁrm the role of particular neurotransmitters
and their receptors for mood disorder.’ (P. 412) and tryptophan depletion

4.2. Papers on serotonin
Fig. 2 shows the selection process for the 30 included serotonin ‘link’
papers.
The 30 eligible papers on serotonin were more highly cited on
average than the aetiology reviews, with an average of 824 citations (SD
¼ 444) per paper, ranging from 2413 to 403 citations. A previous study
deﬁned citation classics as publications with at least 400 citations, and
only found 243 papers in the whole ﬁeld of major depression that met
such a criteria (Lipsman and Lozano, 2011). Therefore all the serotonin
‘link’ papers were highly cited and likely to be inﬂuential.
Although they were selected to represent research on serotonin, six of
these papers did not focus on the serotonin system primarily, but discussed the role of the system in relation to other biological factors. Two of
the papers were reviews of antidepressant studies, neither of which
discussed the serotonin theory of depression per se, and one of the papers
was the aforementioned critique of the serotonin hypothesis by Lacasse &
Leo (Lacasse and Leo, 2005). Of the remaining papers, eight reported
research on serotonin receptors in depression, seven discussed the role of
the serotonin system in depression in general, ﬁve examined the serotonin transporter gene or gene-environment interactions in the context of
depression and two presented evidence on other markers of the serotonin
system. Notably, some of the papers were reviews of aspects of the serotonin system in the aetiology of depression that were not retrieved
through the aetiology searches and one paper on the serotonin transporter gene appeared in both samples of papers (Uher and McGufﬁn,
2010).
Table 4 indicates the degree of support for the serotonin theory of
depression across this sample of papers. Most papers presented strong
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studies are cited as providing ‘very important conﬁrmation of the 5 H T
(serotonin) hypothesis’ (P. 416). Numerous references were also made to
the idea that antidepressant effects conﬁrm the role of serotonin in the
aetiology of depression and constitute ‘a powerful argument that reduced
serotonergic function is a central abnormality in mood disorder and that
its correction leads to clinical response.’ (P. 416).
The New Oxford Textbook suggested that the ‘monoamine theory, is at
its best, a theory about drug action’ and acknowledged that ‘monoamine
and metabolite changes produced by illness in patients have proved
remarkably unconvincing’ (Gelder et al., 2009) (P. 662). However, later
on the same page it claimed that tryptophan depletion studies provide
evidence ‘that 5-HT is intimately involved in mood disorder’ (P. 662). A
little later it stated that ‘the function of monoamine neurons generally,
and of serotonergic projections in particular, is closely associated with
mood regulation.’ (P. 663).
Fundamentals of Clinical Psychopharmacology, is the most equivocal of
the textbooks examined. It highlighted how ‘the hypothesis does not
explain satisfactorily the similarity in efﬁcacy of very different agents
[antidepressants] acting differentially on monoamine systems. Furthermore, evidence for primary monoamine disturbance in depressed subjects is limited and inconsistent’ (Anderson and Reid, 2004) (P. 60). It
also pointed out that ‘The action of antidepressants on monoamine
neurotransmission does not by itself mean that these systems are
abnormal in depression.’ (P. 61). However, antidepressants were
assumed to be an effective treatment for depression, and since the
serotonin-related action of antidepressants was covered in detail and no
other mechanisms were suggested, the implication is that they work by
targeting an underlying abnormality of serotonin. Moreover, depression
was listed as being associated with serotonin in a Table that presented the
main neurotransmitters and disorders they are thought to be related to
(P. 5).

environmental causes or risk factors were also addressed. Many papers
suggested that serotonin dysfunction was part of a complex etiological
pathway, involving other biological systems. Moreover, some papers may
have been written by medical writers (although there is no indication to
this effect in the published articles) or cited by medical writers of other
papers, contributing to their citation index. Therefore, it is possible that
claims about serotonin made in some papers may reﬂect marketing
techniques to maximise the proﬁle of the serotonin theory. This, in turn,
might explain why proclamations by representatives of the psychiatric
profession were not aligned with the contents of the academic literature.
Nevertheless, it is still the case that the serotonin theory was presented as
a credible hypothesis supported by evidence during this period.
5.1. An exhausted Kuhnian paradigm
Despite the re-invigoration of serotonin research by the introduction
of the SSRI antidepressants in the 1990s, results remain inconsistent and
overall there is no convincing evidence of serotonin system abnormalities
in people with depression (Moncrieff et al, manuscript submitted for
publication).
In 1987, Healy described the neurochemical theory of depression as
an exhausted Kuhnian paradigm, perpetuated because it served the
professional purpose of convincing patients that depression is a biological condition (Healy, 1987). Since then, the vast resources of the pharmaceutical industry have enabled the idea that depression is a
biochemical condition to be deeply implanted in the public psyche. The
success of this endeavor has obscured the resistance associated with
alternative ways of understanding depression. The idea of the chemical
imbalance and serotonin deﬁciency had to replace people's deeply rooted
common-sense view of depression as an understandable human reaction,
rather than a disease (Conneely et al., 2019). Moreover, qualitative
research shows that even when people express the view that depression is
a biological condition, they remain ambivalent and conﬂicted about it
(Barr and Rose, 2008). When it comes to recovery, people usually talk in
language that emphasises non-medical understandings of depression
such as the need for agency and the possibility of personal change
(Conneely et al., 2019; Fullagar and O'Brien, 2013). Similarly, despite
evidence that the public endorses the chemical imbalance theory of
depression, surveys also demonstrate that the majority of people who
have been depressed favour a psychological or social explanation for
depression over a biological one and prefer to have psychological therapy
rather than take antidepressants (van Schaik et al., 2004; Prins et al.,
2008).
In the light of the interests the theory subserves, the attempt by
leading psychiatrists to deny that it was ever inﬂuential can be understood as a tactic whereby criticism can be deﬂected, and the theory, in
some marginally modiﬁed version, can continue to be accepted. Thus,
Pies, despite criticizing the supposedly simplistic notion that mental
disorders are caused by ‘chemical imbalances’, wrote approvingly of the
original monoamine hypothesis and concluded that ‘certain psychiatric
illnesses probably involve abnormalities in speciﬁc brain chemicals; and
…. by using medications that affect these chemicals, we often ﬁnd that
patients are signiﬁcantly improved’ (Pies, 2011b). The textbooks examined here mirror this pattern, as well as recent publications on depression
that often disclaim the theory while simultaneously setting it out as if it
were established fact (Eske, 2019; Pariante, 2018).
A related technique could be referred to as ‘moving the goalposts,’
whereby when one area of research fails to produce conﬁrmatory abnormalities, interest switches to another area (Cohen & Hughes, 2011;
Healy, 1987). In this way, the chemical imbalance theory is impossible to
refute and the theory is never rejected. The ‘search for the elusive material substrate can continue as before without pausing to acknowledge
failure’ (Cohen & Hughes, 2011) (P. 183) and the market for antidepressants and the professional establishment it sustains can continue
unperturbed (Moncrieff, 2008b).
Our research provides evidence that the psychiatric profession acted

5. Discussion
The idea that depression is caused by neurochemical abnormalities,
and speciﬁcally an abnormality of the serotonin system, has become
widely known and accepted over the last few decades since the introduction of the SSRI antidepressants. However, there has been an
increasingly heated debate about it within some circles.
In 2005, Lacasse and Leo claimed that ‘there exists no rigorous
corroboration of the serotonin theory, and a signiﬁcant body of contradictory evidence’ and that ‘doubts about the serotonin hypothesis are
well acknowledged by many researchers’. This paper shocked the media
establishment, which up until that point, had, like much of the general
public, been persuaded that depression had been scientiﬁcally demonstrated to be caused by a deﬁciency or abnormality of serotonin. In
response to the coverage, leading psychiatrists claimed that the theory
was never accepted within professional or scientiﬁc circles anyway, and
only ever a useful device or metaphor for persuading patients that
depression is likely to have a biological basis (Meek, 2006; Pies, 2011a).
On the contrary, from our research it is clear that during the period
1990–2010 there was considerable coverage of, and support for the serotonin hypothesis of depression in the psychiatric and psychopharmacological literature. Many of the most highly cited reviews of the
aetiology of depression endorsed the hypothesis, including some that
were entirely devoted to describing research on the serotonin system,
and those that reviewed the aetiology of depression more broadly.
Research papers on the serotonin system had very large numbers of citations, and most strongly supported the serotonin theory, with a smaller
number highlighting inconsistencies in the evidence and adopting a more
cautious tone. Textbooks, too, though taking a more nuanced line in
places, at other points presented unequivocal support for the theory.
It is true that the serotonin theory of depression was not the only focus
of research or discussion on the aetiology of depression. Other biological
theories such as the role of the stress hormone system were more
frequently covered in reviews of the aetiology of depression, and
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as a willing and often enthusiastic conduit of the serotonin theory of
depression, despite the protestations of Pies and others. Contra Pies, the
profession must bear some responsibility for propagating an unsupported
theory and the mass use of antidepressant drugs that has accompanied it,
with all the problems that has produced.
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