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Active Ingredients for Addressing Youth Anxiety and

Depression 2

The knowns and unknowns of SSRI treatment in young
people with depression and anxiety: efficacy, predictors,

and mechanisms of action

Susannah E Murphy*, Liliana P Capitdo*, Sophie L C Giles, Philip ] Cowen, Argyris Stringaris, Catherine | Harmer

The use of SSRIs for the treatment of depression and anxiety in young people is increasing. However, the effects of
SSRIs in adolescence, a time when there are substantial changes in neural, cognitive, and social functioning, are not
well understood. Here, we review evidence from clinical trials about the benefits and risks of SSRIs in young people
and consider their mechanisms of action, as shown through human experimental work and animal models. We
emphasise key outstanding questions about the effects of SSRIs in youth, identified through gaps in the literature
and in consultation with young people with lived experience. Itis crucial to characterise the mechanisms underpinning
risks and benefits of SSRIs in this age group to progress the field, and to narrow the chasm between the widespread
use of SSRIs in youth and the science on which this use is based.

Introduction

The effective treatment of depression and anxiety in
young people (ie, younger than 24 years) is a key priority
for public health. Rates of these disorders have been
rising' and are associated with increased risk of suicide,
comorbid conditions, impairments in social functioning,
poor educational attainment, and low levels of future
employment.”” Early effective treatment decreases the
risk of negative outcomes in the long term, with a
sustained positive effect on functioning and life
satisfaction into adulthood.* However, many young
people with depression and anxiety do not access
support.”"

Psychological treatment approaches for anxiety and
depression are a preferred first-line treatment approach
for many young people and their parents.”* Most clinical
guidelines, including those from the USA, Europe, and
WHO, suggest that the use of antidepressant medication
should be reserved for young people with moderate to
severe illness whose condition does not respond to or
who are unable to effectively engage with psychological
therapies, although medication can be part of initial
approaches in severe depression.”™ Despite these
guidelines, prescribing rates have steadily risen over the
past 20 years, which is likely to be driven by increases in
diagnoses, the comparative effectiveness of pharma-
cological treatment approaches for depression,”” and
limitations in provision of specialist services and
psychological therapy (appendix p 1).2

The increasing use of antidepressants in young
people necessitates the development of a solid,
evidence-based understanding of the effects of anti-
depressants within this age group. Given the substantial
changes in cognitive, social, and neural development
during adolescence, it is probable that the effects of

antidepressants might be different from those in adults,
in whom most of the scientific investigations have been
done. Here, we review current evidence of the effects of
SSRIs for depression and anxiety disorders in young
people (ie, aged 14-24 years). Obsessive compulsive
disorder, acute stress disorder, and post-traumatic stress
disorder are outside of the scope of this Series paper. We
consider evidence for the benefits and risks of SSRIs,
for whom and in what contexts they work best, and their
mechanism of action, as shown through studies in
humans and preclinical animal models. We outline the
gaps in our knowledge on the basis of the literature
and our consultation with young people with lived
experience (panels 1, 2; appendix p 2), which are crucial
to address to narrow the gap between the widespread

Panel 1: Advantages and disadvantages of SSRIs from the
perspective of young people

Themes that emerged from a workshop with our Young

Person Advisory Group (appendix p 2):

+ Antidepressants are not an instant fix but can help to give
you the tools to work at improving your mental health
yourself. They can help an individual to engage more fully
with psychological therapy and interact better with others
than the individual would do without antidepressants.

+ Antidepressants have side-effects and the net outcome of
symptoms needs to be considered (eg, low mood might
improve but anxiety could also increase at the start).

+ There s social stigma associated with taking
antidepressants, which can come from friends, peers,
teachers, and family.

+ Taking an antidepressant can help to validate a diagnosis
asareal illness.
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use of SSRIs in youth and the science on which their
use is based.

The benefits and risks of antidepressant
treatment in young people

Are antidepressants an effective treatment for
depression and anxiety in young people?

Many randomised controlled trials have investigated the
efficacy of antidepressants in young people with anxiety
and depression. The most comprehensive systematic
reviews and meta-analyses of this evidence (as identified
by a meta-review”) report that fluoxetine is more
efficacious than placebo in the treatment of major
depressive disorder and fluoxetine, sertraline, and
fluvoxamine are more efficacious than placebo in the
treatment of anxiety disorders.”

Despite this evidence, there has been ongoing concern
about inconsistencies across trials and the clinical
relevance of the effect size of the drug—placebo difference
in depression studies.” However, the estimated efficacy of
antidepressants in young people needs to be interpreted
in the context of the high response rate to placebo that
was seen in these trials. Young age and short time since
depression onset are known to be associated with high
rates of remission during treatment with placebo.”*
Interestingly, placebo response rates are higher in studies
that are funded by industry, which have also been shown
to have a smaller effect size than publicly funded trials.”
One proposed explanation for these differences is that
many studies that are funded by industry were done
quickly in response to a scheme that was launched by
the US Food and Drug Administration in the late 1990s,
which was designed to encourage industry to do trials
in children and adolescents. Unfortunately, this scheme
had the unintended consequence of incentivising a
large number of poor quality studies, which were done
over multiple sites and had a high response rate to
placebo (ie, approximately 50-60%). These studies
introduce substantial variability in meta-analyses and
might negatively distort the estimation of antidepressant
efficacy for young people with depression.”

Within this context, publicly funded trials of anti-
depressant effects in young people that are high quality
and done on a large scale give the most reliable estimate
of antidepressant efficacy. The largest study of this kind,
the US-based TADS (n=439, 12-17-year olds), directly
compared the efficacy of the SSRI fluoxetine and
cognitive behavioural therapy (CBT). Notably, this study
showed that the rate of response to fluoxetine (61%) was
significantly higher than to CBT (43%) or placebo (35%)
at the 12-week primary endpoint.”

Some evidence exists that combining SSRI treatment
with evidence-based psychological therapy (eg, CBT)
gives an additional benefit to medication alone in young
people. This evidence is perhaps strongest in young
people with anxiety, where the combination of SSRIs
and CBT has been shown to be more effective than
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Panel 2: Key outstanding questions about SSRI treatment in young people identified

by our Young Person Advisory Group

Questions that emerged from a workshop with our Young Person Advisory Group about
priorities for future research on the effects of SSRIs in young people:

+  What are the effects of antidepressants on cognition and academic work?
Antidepressants can help improve an individual’s ability to cope with stressful
situations in school, work, and university. However, they could also impair their ability

to think clearly.

+  What are the long-term effects of antidepressant use on brain function, fertility,

and growth?

+ Does long-term use of antidepressants lead to dependency and withdrawal
symptoms? How long should a young person be on antidepressants to maximise

effectiveness and safety?

+ Arethere biological factors that predispose some individuals to react positively or

negatively to different antidepressants? This could help to explain how

antidepressants work for young people and why some individuals can have more
side-effects than others. A better understanding of who antidepressants work best for
and a consideration of other factors, such as neurodiversity and gender diversity,

is also needed.

+ How do antidepressants interact with recreational drugs or alcohol? Young people
should be given clear information rather than simply being told to avoid all drugs or

alcohol when taking antidepressants.

» How do we reduce the stigma that is associated with taking antidepressants and the
misrepresentation of some of the effects of antidepressants in the media (eg, that

they cause suicide)?

+ Isthere racial bias in the diagnosis of depression and anxiety in young people and in the

use of antidepressants?

either treatment alone.”” In young people with
depression, the evidence is scarce and mixed.” The
TADS study showed that CBT plus fluoxetine had a
higher rate of response than fluoxetine treatment
alone;” however, there was no additional benefit of
combined therapy over medication alone in patients
with the most severe depression.”* This result is
consistent with the findings from a trial of combination
therapy for young people with moderate to severe
depression, which reported no benefit of CBT plus
fluoxetine compared with fluoxetine alone.” A study in
young people aged 15-25 years with moderate-to-severe
depression reported no additional benefit of combined
CBT and fluoxetine compared with CBT alone for
depressive symptoms after 12 weeks of treatment,
although anxiety was significantly lower in people who
were given combined treatment compared with CBT
alone.* Some evidence in this study showed that
combined treatment was more effective for depression
and anxiety symptoms in participants who were older
than 18 years, which might have been driven by the
poorer response to CBT alone that was seen in this age
group compared with other age groups.*

Despite the evidence supporting the effectiveness of
SSRI treatment in young people with depression and
anxiety, there is a high level of individual variability in
response” and improved treatment options are needed

825



Series

826

for the substantial minority of young people who have
conditions that are resistant to treatment.”*

What are the risks of SSRIs in young people?

The benefits of antidepressants need to be carefully
balanced against the potential risks when considering
medication for the clinical management of depression
and anxiety in young people. Antidepressant-related
adverse effects are known to affect adherence and
increase medication discontinuation,® and concerns
about side-effects can be a barrier to antidepressant use
(panel 1, appendix p 2).

Side-effects and physical adverse effects, such as
headache, nausea, and abdominal pain, are commonly
reported by young people initiating treatment,** although
the low discontinuation rate for SSRIs suggests that these
side-effects are typically manageable and decline over
time.” Many side-effects are similar to the somatic
symptoms that are seen in patients with untreated
depression and anxiety, and patients who are given placebo
also report treatment-emergent adverse events, making a
true estimation of the rate of SSRI-related side-effects
challenging.®# In adults, sexual side-effects (eg, erectile
dysfunction, anorgasmia, and decreased libido) are
commonly associated with SSRI use; however, these side-
effects are less well understood in young people.” SSRI
use in young people has also been associated with other
physical adverse effects, including weight gain,* reduced
growth,* reduced bone-mass density,” and a small increase
in risk of type 2 diabetes,* which need to be considered
carefully in the context of long-term antidepressant use.

SSRIs commonly cause insomnia and increased
anxiety early in treatment. These and other psychiatric
adverse effects (eg, irritability, agitation, impulsivity,
emotional lability, hostility, restlessness, and aggression)
have been clustered together and defined as symptoms of
an activation syndrome, which is estimated to occur
in 11-14% of children and adolescents” and is associated
with high amounts of treatment discontinuation.”**
Activation symptoms are particularly pronounced in the
first weeks of treatment and are more common in
children than in adolescents.” It has been suggested that
SSRI-induced activation might be associated with an
increased risk of suicidality, although evidence to support
such a link is scarce.”*' Some individuals might be more
susceptible than others to SSRI-induced activation;
for example, some small-scale studies suggest that
polymorphisms in serotonergic genes might confer risk
of such adverse effects.”* Mania symptoms have also
been reported in young people who are at high risk of
bipolar disorder and are treated with antidepressants,
and particular care should be taken when treating this
group, although identifying this group can be challenging
given the scarcity of good markers for risk.”

In 2004, the US Food and Drug Administration did a
review and meta-analysis of 24 placebo-controlled trials
of antidepressant medication in children and adolescents.

They noted that, relative to placebo, SSRIs significantly
increased the risk of experiencing adverse events of
suicidal ideation and behaviour (risk ratio 1-66 [95% CI
1-02-2-68]).* This finding led to a series of regulatory
warnings of an increased risk of suicidality in
young people taking antidepressant medications.
Two subsequent meta-analyses, which studied rand-
omised trials of antidepressant treatment over a wide age
range, suggested that the effect of antidepressants on
suicidality is strongly age dependent; that is, although
antidepressants might increase the risk of suicidal
ideation and behaviour in children and young people,
they are apparently increasingly protective against
suicidality in people aged 30 years and over.”*

The clinical trials from which these data were derived
were not optimally designed to establish drug-related
suicide risk; they generally excluded patients who were at
high risk of suicidality, they were underpowered to detect
rare events, such as suicide, and had a short follow-up
period. The data from early trials were mainly based
on reporting of adverse events rather than systematic
measurement of suicidality, which is vulnerable to
ascertainment bias, since those participants reporting
other antidepressant-related side-effects are often more
likely to be asked about other adverse events, including
suicidality.”** Other network meta-analyses of randomised
trials, which include trials with structured clinician-
administered suicidality measures, have reported that
only selected drugs that are frequently used in the
treatment of depression, notably the serotonin,
norepinephrine reuptake inhibitor venlafaxine in patients
with depression™ and the serotonin reuptake inhibitor
paroxetine in patients with anxiety,” are associated with
increased risk of suicidal ideation and behaviours in
young people. Sertraline was associated with a lower
incidence of treatment-emergent suicidality in patients
with anxiety disorders compared with placebo.”

Generally, suicidal thinking and behaviour in young
people diminish during the course of SSRI treatment.*®
Additionally, ecological studies raise the important
concern that suicide risk might actually increase due to
the undertreatment of severe illness when antidepressant
treatments are not used,”* a concern that is supported by
evidence that the use of antidepressants in young people
who have died from suicide is rare.** Taken together,
however, the available studies suggest that some young
people can experience an increase in suicidal thinking and
behaviour during SSRI treatment. It is therefore important
to consider the risk of increased suicidality with SSRIs
when making collaborative decisions about treatment.
Further studies are needed to identify predictors for SSRI-
induced suicidality in young people and to elucidate
mechanisms that might underpin these effects.

Summary

SSRIs are a reasonably effective treatment for depression
and anxiety in young people and can be particularly
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suitable for the treatment of severe disorders and
in circumstances where psychological therapy is not
effective or possible. The combination of SSRIs with CBT
can be a more effective approach than either treatment
modality alone, although it is not yet understood
how these two therapies are best combined to maximise
effectiveness.

There are many outstanding questions about the risks
of antidepressant use in young people. In particular,
psychiatric adverse events, such as anxiety, irritability,
and other symptoms of activation, need further investi-
gation to understand the circumstances in which they
occur and what factors make some young people
more susceptible to their development. The effects of
antidepressants in the long term on brain development,
physical growth, and sexual function and fertility are not
well understood and were emphasised as key concerns
by our Young Person Advisory Group (panel 2). Although
these unknowns make it tempting to deprecate the use of
antidepressants in young people, the risks of SSRIs need
to be carefully weighed against those of inadequately
treating depression and anxiety in this vulnerable group.
Given that medication is a necessary tool for clinicians
treating young people, there is an ethical imperative
that careful scientific investigations are done to fully
understand the effects of antidepressant medications in
this age group.

How do SSRIs work in young people?

Applying a mechanistic approach to characterise the
effects of SSRIs in young people could resolve some of
the outstanding questions emerging from clinical trials.
Such an approach can help to identify which patients
have conditions that will respond best to treatment,
derive frameworks for combining different treatments,
understand unwanted effects of treatment, and define
targets for future treatment development. Even in
adults, however, knowledge of how the acute pharma-
cological actions of SSRIs are translated into their clinical
effects in anxiety and depression is incomplete, and in
young people there are few relevant mechanistic studies.

Serotonin mechanisms

The pharmacological effect of SSRIs on the developing
brain is not well understood, and dosing is primarily
based on information that is derived from adult studies.
PET-imaging studies show that, in adults, minimal
therapeutic doses of SSRIs occupy about 80% of brain
serotonin transporters (ie, the pharmacological target
of SSRIs; appendix p 1).¥ Analogous imaging data for
young people are not available but young people are
typically treated with SSRI doses in the adult range,
though lower starting doses are often recommended.

In animal models, SSRIs are generally less effective in
adolescent animals compared with mature animals,
however, there are strain and species differences in these
studies.®*® It might be relevant that expression and
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function of the brain serotonin transporter is lower in
juvenile and adolescent animals than in adults.
Additionally, the effect of repeated SSRI treatment on the
expression of the transporter differs according to
developmental stage, with a decrease in expression in
adult animals and an increase in adolescent animals.®
Increased expression of the brain serotonin transporter
in adolescent animals could be associated with dimi-
nishing transporter occupancy by SSRIs and a decrease
in serotonin availability in the synapse. Whether such an
effect occurs in humans is not known.*

Brain plasticity
Neurobiological theories of antidepressant action,
derived from animal experimental studies, have focused
on drug-induced increases in brain plasticity, a process
that enables the brain to adapt successfully to the
changing environment. Neuroplasticity can encompass
synaptogenesis and neurogenesis, which are mediated
by changes in intracellular signalling and the
elaboration of neurotrophic factors, such as BDNF.®
Generally, SSRI treatment appears also to stimulate
synaptic plasticity in adolescent animals, with increases
in hippocampal neurogenesis, protein markers of
cellular plasticity, and BDNF,*" although there are
some studies that have not noted this effect.”
Investigating plasticity in the human brain is
challenging, although increases in human brain plasticity
might be detectable through anatomical changes shown
by MRI. There are hints in adult studies that SSRI
treatment increases hippocampal and cortical volumes™
and that this increase is related to treatment response,”
but there are no analogous studies in adolescents.
Peripheral measures of BDNF are increased by anti-
depressant treatment in some studies of adults with
depression and can correlate with clinical response.”
Conversely, in adolescents with depression, one study
suggested that therapeutic response to escitalopram was
predicted by early decreases in serum BDNF.*

Corticolimbic circuitry and affective processing

Affective cognitive processes, such as emotion regulation
and resistance to peer influence, show large develop-
mental changes across adolescence.” Large shifts in
brain circuits supporting these processes are also
evident, including changes in structure (ie, reflecting
changes from synaptic pruning and increased mye-
lination), function (ie, changes in activation or
engagement of different neural circuits), and neuro-
chemistry (eg, changes in prefrontal neurochemistry).
The protracted development of the prefrontal cortical
areas, which are important for emotion regulation, can
increase risk for mood and anxiety disorders during this
crucial developmental period.® Consistent with this
increased risk, functional MRI studies have reported
decreased functional connectivity between the prefrontal
cortex and amygdala and exaggerated (or unregulated)
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How do they work?
Evidence so far

Increased engagement of areas of the
brain that are important for emotional
regulation (eg, prefrontal cortex)

v

Decreased response of areas of the
brain that are important for emotional
reactivity (eg, limbic areas)

Increased
serotonin

Neurochemical Neural circuits

Environmental factors

Increased ability
to regulate emotion

Improvement in mood
Reduction in anxiety
Improved coping

Reduced anger processing
Increased positive bias

Reduced avoidance of social
situations

Psychological processes Subjective experience

Figure: Across levels of analysis: a mechanistic framework for SSRI action in young people

Environmental factors can influence SSRI action at any point.

amygdala responses to negative stimuli in adolescent
depression.”

SSRI effects on this corticolimbic circuitry are a core
mechanism of antidepressant action in adults, with
reductions in amygdala reactivity seen within hours
of drug administration® and predictive of therapeutic
effects.” Little mechanistic work has been done in
adolescents, and developmental changes in this circuit
undoubtedly complicate investigations by introducing
high amounts of between-person heterogeneity. Treatment
with fluoxetine over 8 weeks decreases amygdala and
subgenual cingulate responses to negative faces in
adolescents with depression.”” Another study showed a
similar effect after a single dose of fluoxetine versus
placebo, suggesting fast effects of SSRIs on limbic
function in adolescents with depression.* Decreases in
limbic and increases in prefrontal response have been
associated with clinical response (both to SSRIs and CBT)
in adolescents with depression and anxiety.** These
preliminary findings suggest that changes in emotional
processing might be important in the mechanism of SSRI
treatment action in young people, as has been suggested
in adults.®

At a neuropsychological level, antidepressants have
been shown to decrease negative affective bias; that is,
the tendency to focus on, interpret, and remember
negative information.®® CBT works, in part, by chal-
lenging such automatic negative thoughts and mech-
anistic studies have shown that this reduction in
negative bias is also a key mechanism of antidepressant
action in adults.” In one study extending this
perspective to young adults, acute fluoxetine reduced
the perception of angry and sad facial expressions
compared with placebo.” Increased sensitivity to angry
facial expressions has been associated with irritability,*
and the effect of fluoxetine on the recognition” and
neural processing of anger® might be relevant to its
action in adolescent depression, which is particularly
characterised by symptoms of irritability.*

There is also the question of whether SSRIs have
distinct or overlapping mechanisms with treatments
such as CBT. Studies have reported a range of effects
with SSRI treatment either alone or in combination
with CBT that are associated with clinical response. These
effects include improved emotional reappraisal,” enhanced
problem solving ability” decreased perfectionism,”
decreased hopelessness,” improved coping efficacy,”
decreased negative interpretative bias,” reduced somatic
symptoms,” reduced social distress and behavioural
avoidance,” and improved sleep.”” However, most studies
use self-report measures, making it difficult to understand
the mechanisms of change.

Interactions with the environment

The idea that SSRIs work by reversing negative biases
suggests that we also need to consider potential inter-
actions with the environment. In particular, it has been
hypothesised that changes in affective bias translate into
improved symptoms of depression and anxiety via social
and environmental interactions.® This hypothesis can help
to explain the delay in clinical effects of antidepressants,
since a period of responding to and learning from this new
perspective is required (ie, changes in emotional bias
would be expected to improve social interactions and help
to deal with stress across time, leading to gradual
improvements in mood; figure). Indeed, studies in adults
have suggested that environmental factors can moderate
the effects of SSRIs, with the best response seen in people
in supportive social environments.™"

However, this interaction deserves special attention in
young people. Adolescence is a time of social transition,
during which the influence of peers increases and the
negative effects of social rejection can be stronger.”
The role of social, environmental, and family influence
can also be different across the adolescent period and
require close analysis. Some studies have reported that
low amounts of family conflict are associated with
high treatment response.” However, there has been
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little attention to the role of peers and social context
in moderating the effects of SSRI treatment. Further
research is needed to explore interactions between
SSRI treatment and social, emotional, and socio-
demographic factors since this research might help
to show potential blocks to treatment success. This
perspective also emphasises the potential benefit of
integrating mechanistic understandings of psychological
and pharmacological treatment to allow crosstalk
between these approaches and the identification of
optimal treatment combinations.

A mechanistic approach to understand the psychiatric
adverse effects of antidepressants

The mechanisms by which SSRIs produce adverse
effects, such as anxiety and other activation symptoms,
are largely unknown. Most studies exploring this
question have been done in animals and might not
translate directly to humans. In adult rodents, acute
SSRI administration can produce anxiogenic responses
in Dbehavioural tasks but, with repeated treatment,
anxiolytic effects usually emerge."® A similar time course
of effect is often seen in adult patients who are given
SSRIs. In two strains of juvenile mice, repeated fluoxetine
treatment produced a persistent increase in anxiogenic
behaviours."” A similar effect in humans could result in
an increased risk of troublesome SSRI-induced anxiety
in young people. However, work that we have reviewed
here suggests that acute fluoxetine does not have general
anxiogenic-like effects in young adult volunteers (ie, aged
18-21 years), showing instead a profile that is more
consistent with anxiolysis.®*

Individual differences are likely to be important here,
and more work needs to be done to understand the exact
mechanisms that could contribute to SSRI-induced
behavioural activation and arousal, which are most likely
to occur in a subset of young people. Studies in adults
with depression have shown a link specifically between
irritability and suicidal ideation.™ Hence, SSRI-induced
increases in irritability in a subgroup of young people
could be an important mechanism in the development of
treatment-related suicidality.”

Summary
Together, this mechanistic focus suggests core processes
that are affected by SSRI treatment in young people.
Antidepressants can enhance emotion regulation and
reduce anger processing, partly mediated by effects on
corticolimbic neural circuitry, helping to reduce
irritability and negative affect. Although these effects of
SSRIs occur quickly, the effect on symptoms of
depression and anxiety take time. This work suggests, as
also emphasised by our Young Person Advisory Group,
that antidepressants are not an instant fix but rather that
they provide tools to assist recovery (panel 1, appendix p 2).
Huge potential exists to learn how to facilitate this
process and to consider individual differences and

www.thelancet.com/psychiatry Vol 8 September 2021

environmental factors in the moderation of SSRI action,
which can be partly unique within the adolescent context.
Further mechanistic work is also needed to understand
susceptibility to the negative effects of SSRI medication
in young people.

What are key outstanding unknowns about
SSRIs in young people?
The effectiveness of SSRIs varies across individuals, but
no validated markers exist to inform clinical decision
making. A number of potential moderating factors have
been investigated in adolescents, including specific
symptoms,”®" symptom severity,>*"" abuse or
trauma history," genetic polymorphisms,*?'” neural
structure and response,*'®  family, > and
demographic characteristics.”*"* However, studies
have typically been small in scale and have not focused
on whether these factors are general markers of outcome
or specific to SSRI treatment. As such, the ability to
translate this work into clinical application requires
large-scale studies that are focused on defining and
validating core classifiers and considering predictors
across traditional divisions (eg, interactions with the
environment). From a clinical perspective, markers that
could be used to predict differential response to
psychological and pharmacological treatments would be
most transformative. These markers have started to be
explored in adults and need to be extended to young
people, where selecting the best treatment earlier rather
than later can have important implications for
psychosocial development and wellbeing.™ It is
important to acknowledge that most of the research
reviewed here was done in high-income countries.
Future research should consider the effects of
sociocultural and geographical context and extend this
work to low-income and middle-income countries.
Raised concentrations of inflammatory markers
(eg, CRP, IL-6, and TNF)™ have been associated with a
poor response to SSRIs in adults. Depression has been
associated with increased concentrations of circulating
CRP and IL-6 in female adolescents with a previous
history of childhood adversity but not in female
adolescents without this history.”® A systematic review
supported that adolescent depression is associated with
increased concentrations of proinflammatory markers,
although results are somewhat inconsistent.”” Similarly,
there is disagreement as to whether SSRI treatment
lowers the concentrations of inflammatory markers
in adolescents and whether increased baseline con-
centrations of CRP and IL-6 predict SSRI response.”
Evidence suggests that an increase in IL-6 concentration
can be a risk factor for SSRI-associated suicidality in
young people with pretreatment suicidality.”* Inflam-
mation is an important area for future systematic
research, particularly in view of the connection between
childhood adversity, SSRI-related adverse effects, and
increased concentrations of inflammatory markers.
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Depression in adolescence has been associated with
impairments in cognitive function, including attention,
memory, and planning.**** To some extent, these cognitive
impairments persist after SSRI treatment, even in
adolescents whose affective symptoms have improved.*
These results concur with concerns that were raised by our
Young Person Advisory Group about the effects of
treatment on cognition (panel 2, appendix p 2).
Consideration of these effects is crucial, especially for this
age group, where impaired attention or memory can affect
ability to cope with school and everyday function.
Characterising the effects of SSRIs on cognitive function is
therefore a priority and emphasises the need for research-
focused adjunct treatment approaches.

Decreased responses to rewards have been described in
adolescents with depression and are potentially related to
symptoms of low motivation and anhedonia.”® Forbes
and Dahl hypothesised that these impairments might be
even more prominent in this age group because of
changes in the dopamine system and reward function
during adolescence.** However, the effect of anti-
depressant treatment on reward is far from clear. In
young, healthy volunteers (mean age 25 years) SSRI
treatment in the short term has been reported to have the
paradoxical effect of decreasing response within reward-
related neural circuitry.”* Such effects emphasise a
potential mechanism underpinning poor response of
depression to SSRI treatment in young people as a
function of anhedonia.™

The primary outcomes that are reported in trials of
antidepressants almost exclusively rely on clinician
reports of symptomatic improvement. The positive effect
of antidepressants on symptomatology as assessed by

Search strategy and selection criteria

References for this Series paper were identified through
searches of MEDLINE (via Ovid), PsycINFO, Cochrane Database
of Systematic Reviews, and Web of Science (Core Collection)
for articles published from Jan 1, 2000, to July 6, 2020. Search
terms included “adolescent” AND “antidepressant” OR “SSRI”
AND “depression” OR “anxiety” and common variations of
these terms. A full list of search terms are listed in the Series
paper review protocol. We restricted the search to papers that
were published in English. SLCG and another reviewer
independently reviewed titles and abstracts that were
identified through the search strategy to decide whether
studies were of relevance to the objectives of the Series paper
and recorded a justification for each excluded study.

Athird reviewer (LPC) resolved disagreements between the
two reviewers. The selected manuscripts were read in full and
further assessed for relevance to the Series paper. Further
focused searches on PubMed were done for selected topics.
Given the many references that were identified by these
searches, this Series paper provides representative rather than
complete citations.

clinicians and parents is not always reflected in youth
reports,” and it is important to clarify whether this
disparity reflects that the measurement is insensitive or
that the treatment does not address outcomes of relevance
to young people.” Some evidence exists that young
people’s self-reports of quality of life are improved by
antidepressant treatment,” although this effect is not
replicated across all studies.”” Our Young Person Advisory
Group emphasised that the effect of antidepressants on
functional outcomes, such as quality of friendships and
ability to engage with school, were key priorities when
considering the wuse of antidepressants (panel 2,
appendix p 2). However, the literature on the functional
outcomes of antidepressant treatment in young people is
scarce, and future research in this area should be a
priority.

Withdrawal symptoms (or so-called abstinence symp-
toms) on stopping SSRI treatment are a major concern in
adults™ but appear under-researched in young people. Of
the available SSRIs, because of its long half-life, fluoxetine
is the least likely to cause withdrawal symptoms; however,
withdrawal and the possibility of dependence are a
concern of young people, as emphasised by our Young
Person Advisory Group (panel 2, appendix p 2). Apart
from withdrawal symptoms, SSRIs do not produce the
dose-escalation and drug-seeking behaviour characteristic
of typical addictive drugs."”* However, systematic study is
required to assess the effects of SSRI withdrawal in young
people, both to identify withdrawal symptomatology and
to assess the effect of SSRI treatment on the long-term
course of anxiety and depressive disorders.

Conclusions
Antidepressant use in young people is rising, but there
is a corresponding scarcity of research on their effects
and mechanisms in this age group. It is important to
know if the effects of SSRIs depend on stage of neural,
cognitive, and social development; why some people
benefit more than others; and what the long-term
benefits and risks of treatment in adolescence might be.
We have emphasised the importance of an experimental
mechanistic approach as a way of identifying targets for
treatment, predictors of response, and a framework to
understand core processes that are affected by current
treatment strategies. This approach can also offer
insight into how to combine treatments and reduce the
division between pharmacological and psychological
approaches in theoretical perspectives and practice.
Research in this area suggests that SSRIs are effective
for adolescent depression and anxiety. There are risks to
treating and not treating these conditions, which should
be given due consideration. Evidence suggests that
SSRIs enhance processes underlying neural plasticity
and improve the balance between limbic and prefrontal
circuits in emotional response and regulation. These
neural differences might be experienced as changes in
negative bias and improved emotional regulation, which
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can ameliorate symptoms of depression and anxiety
across time and interactions with the environment.
Importantly, there might be a role for environmental
factors (eg, stress, peer relationships, and living
circumstances) in moderating the effects of SSRIs.

SSRIs might not work on some core components of
depression and anxiety, which has relevance for how they
are used and how we identify potential targets for future
treatment development. In particular, patients with
high levels of inflammation, cognitive dysfunction, or
anhedonia, or a combination, might require alternative
or additional approaches.

Crucially, the field might have avoided researching
key questions about the use of antidepressants in young
people because of the disquiet about drug treatment in
this age group. However, clinical need and use of SSRIs
in this age group emphasises the troubling conclusion
that these treatments are often used without fully
understanding their effects in children and adolescents.
Knowing why, how, and when these treatments work is
crucial to progress effective treatments of the future.
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