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p < 0.001). However, only depression significantly predicted
negative suicide ideation (b = 0.274, SE = 0.067, p < 0.001).
On its own, GRC was not significantly associated with negative
suicide ideation (b = 0.038, SE = 0.046, ns). Approximately
72% of the variance in negative suicide ideation was accounted
for by the predictors (R2 = 0.717). The indirect effect was
tested using a bootstrap estimation approach with 5000 samples.
The results revealed the indirect coefficient for GRC was
statistically significant, b = 0.232, SE = 0.072, p < 0.001, 95%
CI = 0.114, 0.403.

The second mediation analysis indicated that the relationship
between GRC and positive suicide ideation was fully mediated
by both depression and self-esteem (see Figure 2). Depression
(b = −0.174, SE = 0.030, p < 0.001) and self-esteem (b = 0.371,
SE = 0.057, p < 0.001) significantly predicted positive suicide
ideation. Approximately 81% of the variance in positive suicide
ideation was accounted for by the predictors (R2 = 0.812).
Again, the indirect effect was tested using a bootstrap estimation
approach with 5000 samples. The results showed that the indirect
coefficients of GRC for both depression, b = −0.148, SE = 0.033,
p < 0.001, 95% CI = −0.218, −0.091, as well as self-esteem,
b = −0.152, SE = 0.034, p < 0.001, 95% CI = −0.223, −0.093,
were statistically significant.

FIGURE 1 | Mediation analysis with PANSI-NSI. ∗∗ p < 0.01.

FIGURE 2 | Mediation analysis with PANSI-PI. ∗∗ p < 0.01.

DISCUSSION

In the first study to examine the direct and indirect relationships
between GRC and negative suicide and protective suicide
ideation among a large sample from a non-clinical population
of Irish adolescent boys, the results indicated that, while GRC
correlates significantly with both factors protecting against and
contributing to suicide ideation, these associations become
statistically non-significant when depression and self-esteem are
taken into consideration. Consistent with previous research,
the mediation models revealed that depression correlated in
the anticipated directions with both indices of suicide ideation
whereas self-esteem correlated significantly with positive suicide
ideation only. Boys who reported greater degrees of GRC
were more likely to experience depression which, in turn,
increased their likelihood of reporting negative suicide ideation.
In contrast, boys who reported lower levels of GRC were less
likely to experience depression and more likely to experience
greater levels of self-esteem both of which appeared to increase
boys’ reporting of protective factors that mitigated against suicide
ideation, as determined by scores on the PANSI-PI.

Our findings support Houle et al.’s (2008) study with adult
males which concluded that GRC is associated with variables that,
in turn, may play a role in suicidality. Specifically, we found that
scores on the I-GRCS-A correlated moderately with depression,
a variable which – in turn – was linked with negative suicide
ideation (i.e., depression fully mediated the association between
GRC and scores on the PANSI-NSI). It is important to note that
the current study goes beyond Houle et al.’s work by investigating
the relationship between self-esteem, depression and suicidal
ideation with a non-clinical population of adolescent boys. Using
a “normal” sample of adolescent males, we obtained tentative
support for a key tenet of GRC theory; namely, that restrictive
gender roles can have negative health consequences for males.

Approximately 72% of the variance in negative suicide
ideation was accounted for by depression, self-esteem (ns) and
GRC and the indirect effect of GRC on negative suicide was
statistically significant (i.e., b = 0.232, SE = 0.072, p < 0.001,
95% CI = 0.114, 0.403). This finding highlights that some boys
are negatively affected by societal expectations and pressures
placed on males in Irish society and these boys have an
increased likelihood of experiencing depression which, in turn, is
associated with an increased likelihood of experiencing negative
suicide ideation. The finding that GRC role conflict correlated
significantly with depression is consistent with studies conducted
with adult men [e.g., 24 out of 27 studies found positive
correlations between GRC and depression (O’Neil, 2008)].

As discussed previously, suicide appears to be a gendered
problem with researchers identifying myriad contributing
biological, psychological and societal factors that place males at
greater risk. From a biological/hormonal stance, the hormone
oxytocin, which seems to function as a facilitator for the affective
empathic system, tends to be more present in females (Rueckert
and Naybar, 2008). Lower levels of oxytocin in males may relate
to why men, on average, experience more alexithymia (i.e., an
inability to identify and describe emotions in the self; Levant
et al., 2009). Further, males are more likely to respond to negative
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emotional states by externalizing depressive behaviors (Rice et al.,
2013) and, on average, are more likely than women to: (a)
use, misuse, or abuse alcohol or substances, especially as they
relate to decreased inhibition (Russell et al., 2004); (b) engage in
aggressive behavior (Hyde, 2005); (c) take risks; (d) be impulsive
(Chapple and Johnson, 2007); and (e) isolate themselves from
the support available from the greater social network (Eckersley
and Dear, 2002). Additionally, some boys expressed that a
general negative societal opinion of boys exists and is a cause
of stress for them (i.e., an expectation that boys will misbehave;
O’Beaglaoich et al., 2015b).

The externalizing symptoms above, combined with a lack
of coping skills (or dysfunctional coping skills) exhibited by a
proportion of males (Tamres et al., 2002), are hypothesized to
occur in those who are unable and/or reluctant to seek assistance
for personal problems (e.g., Russell et al., 2004) out of fear
of being viewed as weak, inferior or vulnerable (e.g., Rochlen
et al., 2010; Rice et al., 2013). These factors are shared correlates
of both GRC (O’Neil, 2008; i.e., in particular the restrictive
emotionality subscale of the GRCS) and suicide ideation. One
explanation for the results of this study could be that young
boys, who are less biologically predisposed (e.g., alexithymia
and impulsivity) to cope with the expectations placed upon
them as boys and who also have fewer relational and coping
skills are more likely to express externalizing behaviors (e.g.,
depression indicators) and, in extreme cases, may be more likely
to experience suicide ideation.

The I-GRCS-A was significantly related to self-esteem and
depression, variables that were – in turn – significantly related to
the PANSI-Positive subscale. Thus, the linkage between GRC and
protective suicide ideation was fully mediated by both self-esteem
and depression. Specifically, the “effects” of GRC on PANSI-
Positive subscale scores appeared to be minimal when self-
esteem and depression were taken into consideration. I-GRCS-A’s
relationship with self-esteem is consistent with past research
with Irish samples [e.g., r = −0.49 in this study; r = −0.45
(O’Beaglaoich et al., 2016)] and with past research using the adult
version of the GRC scale (i.e., 11 out of 13 studies reviewed
by O’Neil (2008) documented a negative correlation between
GRC and self-esteem). Taken together, these correlations, which
are congruent with O’Neil’s (2015) summary of the literature,
underscore the important role that GRC seems to play in
adolescent boys’ psychological well-being, as determined by self-
esteem and depression.

Importantly, tests of mediation revealed that, while self-
esteem did not significantly mediate the relationship between
GRC and negative suicide ideation, it did serve as a mediator
for the linkage between GRC and positive suicide ideation.
These findings suggest that boys with lower levels of GRC
may, in turn, have greater levels of self-esteem, with the
latter construct potentially bolstering use of positive suicide
ideation. This relationship is in line with past research; namely,
that higher self-esteem appears to serve a protective function
against suicidal ideation/attempts (De Man and Gutiérrez, 2002).
Further research is needed to clarify why self-esteem only
mediated the relationship between GRC and positive suicidality.
However, one possible explanation resides in our use of the

RSES to measure self-esteem. Mannarini (2010), for example,
found that items on the RSES were differentially associated
with measures of attachment as well as empathic and social
self-efficacy. These forms of efficacy reflect (in order) one’s
ability to “understand other people’s thoughts, feelings, and
needs” (p. 231) and one’s skill at interpersonal relationships
(e.g., making friends and performing in public). Specifically,
using a sample of 435 Italian university students, Mannarini
noted that items three and nine of the RSES were negatively
related to empathic and social self-efficacy whereas item 1 was
positively related to both types of self-efficacy. This differential
pattern suggests that: (a) the wording of the items might affect
participants’ responses; and (b) the wording of the items also
might influence the omnibus sign of the association between
global self-esteem, as measured by the total score on the RSES,
and other variables. Thus, future tests of mediation using the
RSES to assess self-esteem may benefit from examining each item
on the RSES individually.

It should be noted that this sample was highly affluent.
Past suicide research suggests that populations from low and
middle SES are at greater risk for suicide than more affluent
status groups; therefore, given the possibility of ceiling effects,
it is not too surprising that family affluence did not correlate
significantly with suicide ideation in this study. GRC and
SES has only been examined in one study to date (Stillson
et al., 1990) and the results indicated that men classified as
low SES reported significantly more GRC role conflict than
their higher SES counterparts. Also, as educational/occupational
status increased, men’s GRC decreased (O’Neil, 2008). In
relation to research on GRC, social scientists have proposed
investigating the relationship between this construct and SES
in adult samples (Liu et al., 2004; O’Neil, 2008); however,
no empirical studies have been carried out to investigate
the relationship and interactions between these variables
for adolescents.

We recommend that researchers examine and build upon
the theoretical explanations of the process by which GRC
is related to depression and self-esteem. GRC theory offers
explanations through a combination of biological, psychological
and sociocultural factors; however, O’Neil (2015) states that men’s
depression is “not fully understood or defined in gendered ways
that enable clinicians to make effective interventions” (p. 16).
Akin to what was noted for depression, no theoretical explanation
has been offered which particularizes how GRC is related to
or causes variations in self-esteem (O’Neil, 2008). Thus, we
believe that refining theoretical propositions pertaining to GRC,
ultimately, may assist in reducing the degree to which men strive
to adhere to expectations surrounding hegemonic masculinity.
Further, such reductions may play a role in efforts to enhance
psychological wellbeing in boys.

Researchers could, in future, deconstruct known elements of
GRC scales to see which constituent parts account for the greatest
proportions of variance in depression as well as self-esteem. GRC
is theorized to be experienced in three contexts: (a) within the
self; (b) induced by others; and (c) expressed toward others
(O’Neil, 1990). Thus, we recommend that specific measures be
developed for each of these contexts as they relate to known
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components of GRC (e.g., restrictive emotionality). Developing
measures that take these different contexts into account would
enable researchers to determine whether certain instigators of
GRC (e.g., self vs. others) account for more (or less) variance in
measures of psychological wellbeing (O’Beaglaoich, 2014).

LIMITATIONS

One limitation that is worth noting concerns the recruitment
of participants. Finding schools that were willing to become
involved in this research emerged as our biggest obstacle.
Due to schools being over-burdened with workloads and the
sensitive nature of the research topic, many of the institutions
we targeted did not respond to our request or refused to
take part. Three of the four schools had actively participated
in government suicide prevention and educational strategies.
Therefore, it is possible that, due to the fact that they attended
“proactive” schools, the students participating in this research
were better informed about suicide and/or were more likely
to avail themselves of mental health supports in comparison
to students from schools that did not participate. Further, an
estimate of the boys whose parents refused to allow their children
to take part was not recorded; thus, we were unable to perform
demographic comparisons between boys that completed the
survey and those that did not. One additional limitation is
that, despite the unequivocal importance of using self-report
measures to assess suicide ideation, there will always remain
a proportion of ideations that are unexpressed due to lack of
insight or reluctance (Wolk-Wasserman, 1986; Hennig et al.,
1998; Palmieri et al., 2019).

CONCLUSION

In conclusion, our findings suggest that, through its linkage with
depression and self-esteem, GRC plays a significant role in the
lives of adolescent boys’ mental health. Greater attention should
be directed at understanding the ways in which boys navigate the
demands of hegemonic masculinity and how their methods of
navigation (potentially) impact their psychological health.
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Objective: Adolescent depression is a heterogeneous disorder, with a wide variety of
symptoms and inconsistent treatment response, and is not completely understood. A
dysregulated stress system is a consistent finding, however, and exhaustion is a
consistent trait in adolescent patients. The aim of this paper is to critically assess
current hypotheses in adolescent depression research and reframe causes and
treatment approaches.

Methods: A mixed-method approach involved a review based on publications from
PubMed, Embase and PsycInfo, and two exemplary adolescent cases.

Results: Both cases show a spiral of stress and exhaustion, but with a different profile of
symptoms and coping mechanisms. Reframing both cases from the perspective of
coping behavior, searching for the sources of experienced stress and exhaustion,
showed coping similarities. This proved essential in the successful personalized
treatment and recovery process. In combination with recent evidence, both cases
support the functional reframing of depression as the outcome of a stress- and
exhaustion-related spiralling mechanism.

Conclusions: We propose to open up a symptom-based, mood-centered view to a
model in which adolescent depression is framed as a consecutive failure of stress coping
mechanisms and chronic exhaustion. Addressing exhaustion and coping primarily as a
treatment strategy in adolescents and young adults might work in synergy with existing
treatments and improve overall outcomes. This perspective warrants further investigation.

Keywords: depression, adolescents, stress, exhaustion, treatment
g May 2020 | Volume 11 | Article 412174

https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00412/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00412/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00412/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00412/full
https://loop.frontiersin.org/people/939888
https://loop.frontiersin.org/people/168922
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles
http://creativecommons.org/licenses/by/4.0/
mailto:t.pieters@uu.nl
https://orcid.org/0000-0002-8688-8180
https://orcid.org/0000-0003-2650-3610
https://orcid.org/0000-0001-7531-8492
https://orcid.org/0000-0002-8156-8436
https://doi.org/10.3389/fpsyt.2020.00412
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2020.00412
https://www.frontiersin.org/journals/psychiatry
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2020.00412&domain=pdf&date_stamp=2020-05-06


van der Gronde et al. Understanding, Preventing, and Treating Adolescent Depression
INTRODUCTION

Major depressive disorder (MDD) is the leading cause of
disability worldwide (1), with 10 to 15% of patients proceeding
to suicide (2, 3), and a substantive disease burden for adolescents
and young adults (4–6). Depression is a heterogeneous group of
brain disorders with varied contextualized origins, complex
genetics and a neurobiology that is not completely understood.
The etiology is not elucidated, and particularly for adolescents
there is an evidence gap (4, 7, 8). The serendipitous discovery of
first the tri- and tetracyclic antidepressants (TCAs) and later the
stress-modulating serotonin reuptake inhibitors (SSRIs) led
successively to the catecholamine and monoamine hypotheses
of depression (9). In later years, reduced adult neurogenesis and
changes in structural and functional neuronal plasticity have
been linked to the onset and treatment opportunities of major
depression (10, 11). Genetic research has shown that there is not
a single genetic cause for depression, and all known genetic
factors combined only explain a limited percentage of the
variance in clinical outcomes (12, 13). The estimated
heritability of depression is 35%–40%, indicating 60%–65% is
explained by other factors, such as adverse life experiences (11,
14). Researchers have turned to epigenetics to develop new forms
of genetic and pharmacological modeling, in an effort to describe
the etiology of depression better (15). Despite many years of
research by numerous investigators both in academia and
industry, psychoactive targeted therapeutics with controllable
and specific effects on the brain microcircuitry and chemistry did
not and probably will not materialize due to the complex nature
of mental disorders (16). In order to open up our thinking about
MDDwe take up the challenge to reframe depression, specifically
focusing on adolescents.

Symptom-Based Approach
We note that within the current framework depression is
diagnosed based on the presence of a series of mood-related
symptoms and their effect on daily functioning. The seven most
commonly used interviews and self-report questionnaires
together describe a heterogenous group of 52 symptoms, such
as either high or low appetite, more or less sleep than usual, and a
feeling of sadness (17). This causes differences in diagnosis based
on which scale is used (18). The widely varying patterns in which
these symptoms often present themselves (19, 20), and the high
occurrence of several comorbidities, such as anxiety, psychosis,
and autism spectrum disorder, indicate that depression is not a
homogenous disease, but a continuous, heterogeneous group of
disorders associated with a wide variety of different risk factors
(4, 8, 21–24).

Aim
Combined with the lack of understanding of the etiology of
adolescent depression, the large variation of presentation and
treatment approaches is the main driver for us to try to reframe
the concept of MDD in adolescent patients. We also aim to
explain why responses to treatment vary substantially and why
older age is a consistent and important risk factor for a poorer
MDD course (25–28). We will take a new perspective toward
Frontiers in Psychiatry | www.frontiersin.org 275
MDD by focusing on stress and the depressive mood related to
development in adolescence. This yields a promise for novel
therapeutic approaches and potential breakthroughs in
depression research, treatment and prevention.
METHODS

A mixed method approach was used involving clinical
investigation of adolescent case reports and a narrative review.
PubMed, Embase, and PsychInfo were searched for relevant
publications, with select additions of recent findings based on
collective suggestions of the authors. To make sure the patient
perspective is not lost when critically assessing the current
framework and new possibilities, two case reports were
included. Written informed consent was obtained from both
subjects for the case reports.
DEPRESSION AND STRESS

Etiology
Many findings in depression research have failed the scientific
test of replication. For example, the volume of the amygdala of
depressed patients has been found to be increased (29) in some
studies, and decreased in others (30). Patients with melancholic
depression, a subtype based on symptoms, were thought to
respond better to TCAs than atypical patients (hence the
name) (20, 27, 31, 32), but other researchers could not
replicate this finding (33–36). Plasma levels of leptin, which
reduces appetite, has been found higher in melancholic patients
(37), or higher in atypical patients (38). Finally, childhood
trauma and/or abuse is more common in melancholic than in
atypical patients (39), or vice versa (40).

Stress System
One consistent finding, however, is a dysregulated stress system
in depressed patients (41–44). In approximately 70% of
depressed patients a dysfunction of the hypothalamic–
pituitary–adrenal (HPA) axis is detected, mainly hyperactivity
(38, 45). Also a disruption of the diurnal variation of cortisol is
commonly seen (46, 47). Unfortunately, after decades of research
efforts this finding has not resulted in a stress-targeted treatment
option or a clinical test to predict treatment response (48, 49),
and it remains debated whether HPA-axis dysregulation is a
cause or a consequence of depression.

This does provide an important insight: depression is at least
partially the result of stress and a differential dysregulation in the
stress system is an important trait (38). The stressor may be in the
past (e.g. childhood maltreatment or trauma) (4, 50), or acutely (e.g.
dealing with new life events). The initial response of people to stress
is typically a coping mechanism aimed at exerting control over the
stressor either by avoiding, reducing or predicting its occurrence.
Examples of such efforts are the canceling of obligations or
disengagement from social interaction (51). The HPA axis exerts
a fundamental role regulating both internal as external stimuli,
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https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


van der Gronde et al. Understanding, Preventing, and Treating Adolescent Depression
integrating the physiopathological and behavioral dimensions of
stress. We postulate that depression is the result of a failure of
coping mechanisms to control the stressors and a differential
dysregulation in the stress system.

Coping Mechanisms and Exhaustion
The accumulation of stressful events, and the eventual failure of
coping mechanisms to deal with the stress, can lead to
exhaustion and depressive behavior. Preclinical experiments
already hinted at a relation between the effectiveness of coping
behavior, the effort involved and feedback on the development of
gastric ulcers. Although coping efforts were effective, ulcers still
developed when coping took more effort and less feedback was
offered (52, 53). Preclinical evidence indicated that chronic
exposure to relatively mild stressors which rats can adapt to
relatively easily (e.g. tilting the cage at a slight angle, emptying a
water bottle in the cage, introducing new bedding material),
ultimately resulted in the development of anhedonia (50). The
chronic character of having to cope with mild stressful events
over and over again, and the lack of control over stressors, was
sufficient for depressive symptoms to develop (54). In a forced
swimming test, rats who were dosed with psilocybin developed
the coping technique of floating faster than other rats, indicating
a window of behavioral flexibility (55). Ketamine displayed the
opposite effect, with more mobility (56). We hypothesize that
depressive behavior, specifically anhedonia and withdrawal, and
the consequent loss of interest and enjoyment in usual activities,
is an evolutionary mechanism to guard the organism against the
exhaustion that may results from excessive or chronic coping
behavior. As such, depressive behavior is both an expression of
psychological pressure and a physiological precaution. This
substantiates the entanglement of psychological and
physiological factors in MDD.

Stress response mechanisms can change the allocation of
metabolic resources in a stressful situation, where that is
needed. Similarly, depression could be the expression of a
forced change in allocation of attention. Depressed patients
are known to ruminate, or continually analyze their problems
and relive their memories (24). Anhedonia can be interpreted
as a way to secure mental resources, by reducing the interest in
distractions (20, 57). Depression can be seen as an exaggerated
social navigating coping mechanism, caused by an
accumulation of stress and a spiral of unsuccessful adaptive
behaviors which leads to exhaustion. By entering a depressive
mode, the organism aims to guard itself from exhaustion. The
challenge is to interfere with this mood-affecting spiralling
mechanism (see Figure 1) to prevent depression from
developing. Dealing with stress and potential exhaustion, as
opposed to dealing with the symptoms of depression, could
prove to be an effective treatment approach.

Treatment
There is currently only limited evidence-based rationale for
choosing one treatment over another for an individual patient
(31, 58–60), with no differentiated approach for adolescents or
adults (6, 61). Even defining depression subtypes based on
symptoms has not helped (62). Despite guidelines and evidence-
Frontiers in Psychiatry | www.frontiersin.org 376
based interventions, treatment is still primarily based on trial and
error (63, 64), and primarily aimed at improving mood. Yet,
between one third (65) to half (20, 66) of adult patients show no
response to weeks of first line treatment with antidepressant drugs,
and are advised to try a different antidepressant. Further, one third
of all patients never reach a response after four lines of
antidepressant treatment (65). The current therapeutic
shortcomings are the consequences of our lack of knowledge of
causes, the underlying neurobiology and chemistry (67), and risk
factors that contribute to the onset and maintenance of depression.
As a consequence, the treatment paradigms are oversimplified with
little attention for preventive measures (68).

Psychedelics
When Albert Hofmann, who first synthesized lysergic acid
diethylamide (LSD), came in contact with it himself in 1943,
he noted the hallucinogenic properties. In 1947 it was first
marketed as a therapeutic drug. In the 1960s, Timothy Leary
was the first to start experimenting with psilocybin combined
with psychotherapy (69). In the 1950s and 1960s, LSD and
psilocybin were tested in several small-scale clinical trials for
anxiety, depression and addiction (70, 71). In response to
increased recreational use, international legislation was
introduced as part of the “war on drugs,” which brought an
abrupt end to clinical research with these and similar
substances in the 1970s (67, 69, 70, 72). In the last two
decades, clinical trials with psychedelics have started to take
place again (71). A brief overview of the indications these
psychedelics have been investigated for post-2000 is indicated
in Table 1 (69, 70, 72).

New insights in the complex etiology of depression might be
offered by findings with the use of psychedelics for treatment-
FIGURE 1 | Life events, genetics, and environment all have an impact on the
development of stress, coping with stress, and ultimately exhaustion and
depression symptoms in adolescents and young adults.
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resistant depression (73, 74). Several psychedelics have shown to
help depressive patients in a limited number of studies with small
number of patients. The classic psychedelics, compounds such as
LSD, psilocybin, and Ayahuasca, have diverse pharmacological
profiles, including robust effects on the serotonergic system (67,
69, 72, 75). A psychedelic not acting on the serotonergic system is
the dissociative anesthetic ketamine, which in subanesthetic doses
acts as an antagonist on the N-methyl-D-aspartate (NMDA)
receptor, a type of glutamate receptor (56, 69, 76, 77).
Esketamine, the S-enantiomer of ketamine, has been approved by
the Food and Drug Administration (FDA) for treatment-resistant
depression (78), but ketamine has been and continues to be used off-
label to treat depression too (79). This highlights that serotonergic
activity, or even a mono-aminergic activity, is not required for the
antidepressant effect of a psychedelic compound, further stressing
the need for abandoning the old hypotheses. These hallucinogens,
and the chemically related entactogen 3,4-methylenedioxy-
methamphetamine (MDMA) may have a place in offering a
positive experience to break the self-sustaining depressive state
and allowing for introspection during psychotherapy to process
stressful life-time experiences as a form of reverse medical
engineering (80).

From a psychological point of view, psychedelics work through a
different mechanism than classic antidepressants. Instead of the
elevation of mood and the reduction of anxiety, psychedelic drugs
induce a profound temporary positive experience (e.g. a mystical or
religious sensation). This positive experience allows for the
temporary disintegration of existing networks, which in turn
facilitates reprocessing of past emotions and introspection (67). In
turn, this improves the capacity to cope with stress (71). Also, the
use of a psychedelic in combination with a psychotherapeutic
process could have long-term effects, counteracting the effect of a
negative experience and disrupting the negative and “downward
spiralling” compulsive thinking (72).

Developmental Aspects
In this article we move away from mood improvement as a
primary target (81, 82). We offer an alternative integrated
Frontiers in Psychiatry | www.frontiersin.org 477
approach for the treatment of adolescent and young adult
depression by focusing on stress factors and exhaustion
reduction, seeing anhedonia and withdrawal as an evolutionary
coping mechanism. This integrates approaches such as the social
navigation hypothesis of Watson and Andrews (83) with
cognitive bias (84) and Selye's biological stress (85, 86). With
this approach we take a functional perspective, and focus on the
function the depressive state provides to the adolescent patient
and how it develops. This perspective is instrumental for tailor-
made treatment strategies.

We will discuss these insights on the basis of two adolescent
patient reports. Mood disorders have been shown to be progressive,
with patients developing more complex psychopathologies over
time (87, 88). Approximately 50% of patients retrospectively state
that their first depressive episode occurred before the age of 20 (88,
89); another report states 50% experience that before the age of 14
(90). This further highlights the progressive nature of depression
and the need for early intervention.
CASE REPORTS

Case 1
A 17-year-old Caucasian woman was referred by her own general
practitioner to the department of adolescent psychiatry and
addiction prevention for binge drinking and daily use of
marijuana. The intake together with her parents showed that
the patient already had a history of moderate depression and an
eating disorder, anorectic of the purging type with moderate
severity. No abnormalities were reported regarding appearance,
behavior, eye contact, and rapport orientation and cognition
[intelligence quotient (IQ) of 127]. However, she regularly
suffered from suicidal thoughts and a low ability to experience
pleasure. Though she had no concrete suicide plans, in gloomy
periods she showed risky behavior, like crossing a busy road
without looking. She usually performed well in school, despite
occasional lags in attendance, which were compensated with
short periods of active study. Her mother had a history of MDD.

At the department of adolescent psychiatry and addiction
prevention, we classified the addiction behavior as mild. But we
also established a comorbid psychiatric and substance-use disorder
profile. Thus, we chose for an integrated treatment for comorbidity
that has been found to be consistently superior (91). Effective
treatment for comorbid conditions combines different therapeutic
modalities, i.e. psychotherapy [e.g. motivational interviewing (MI),
cognitive behavioral therapy (CBT)], pharmacotherapy (e.g.
antidepressants), and family therapy. Using combinations of
different modalities typically increases therapeutic effect by
exerting a synergistic impact on symptoms (6).

With MI, the patient was motivated to choose a first education-
related treatment goal. This was to prevent school dropout at all
cost. We started CBT to control her marihuana and alcohol abuse
and prevent school dropout.We addedmedication in order to try to
stabilize her mood with fluoxetine, an SSRI, which might also
modulate stress. The medication initially seemed to have some effect
but after two months there was a sharp mood drop, increased
TABLE 1 | Overview of psychedelics and the indications they have been used
for in trials since 2000.

Substance Indication in trials

Classic psychedelics (serotonin 5-HT2A and 5-HT2C agonists)

LSD + PT Treatment-resistant depression, anxiety associated with life-
threatening diseases

Psilocybin + PT Treatment-resistant depression, anxiety associated with
advanced-stage cancer, nicotine addiction, alcohol
addiction, obsessive–compulsive disorder

Ayahuasca + PT Treatment-resistant depression

Entactogens (mixed serotonin and dopamine reuptake inhibitors and releasers)

MDMA + PT Treatment-resistant depression, posttraumatic stress
disorder

Dissociative anesthetics (NMDA antagonist)

Ketamine ± PT Treatment-resistant depression
LSD , l y se rg i c ac i d d i e t hy l am ide ; PT , psycho the rapy ; MDMA, 3 ,4 -
methylenedioxymethamphetamine.
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suicidality and aggravation of eating disorder symptoms. Eventually
she had a body mass index of 16 kg/m2. The eating problems were
mapped and analysed by an eating disorder specialist. The latter
used a problem-solving approach and focused on both directive
counseling and emotional support. The eating disorder specialist
also advised to choose a medication with low risks of weight gain.
The psychiatrist changed the medication to citalopram.

Subsequently, the treatment team focused on teaching the
patient how to cope with stressful situations and the associated
anxiety. The stress appeared to be mainly caused by a feeling of lack
of control. The patient turned out to have a high intelligence and
learning ability, but also felt that she had no control over her
learning process. She had not sufficiently developed social learning
strategies in her early school years. In addition, there appeared to be
an issue of individuation and separation problems. These problems
got worse because it was almost impossible for her parents to let her
develop in her own way due to the stress they had over her suicidal
thoughts, drug use, and worsening physical condition due to bad
eating habits. We decided on an additional family counseling
approach to address these issues.

The integrated treatment modality approach proved effective.
She developed a realistic idea of what caused her stress, how she
reacted situationally and improved her awareness that she tends to
have control over everything. Her parents were involved in helping
her developing control coping skills and checking on achievements.
Because of this insight, she succeeded in maintaining her diet less
strictly and experimenting with behaving differently without alcohol
or drugs. Her parents saw that she was doing better and were able to
release her a bit more. This increased her sense of control and
provided enough space to further discover what goals she wanted to
achieve. In the process her mood and her ability to experience
pleasure improved significantly. She successfully passed her school
exams and proceeded to university.

Case 2
A 15-year old Caucasian girl was referred by her own general
practitioner after a suicide attempt with symptoms of sadness,
anxiety, and obsessive–compulsive behavior. The intake was
together with her parents. She was struggling in school, despite
her very supportive family. No drug abuse or other psychiatric
symptoms were found. She told the counselor she tried hard, but
felt that she could not keep up in school; it was never good
enough, no matter how hard she tried. The counselor estimated
that the school level was appropriate for the level of intelligence
of the patient.

She had periods when her self-esteem was very low. During
these periods she spent hours on her appearance, focusing on her
hair and makeup. Her hair fell out as a result of these sessions.
She could not stop herself, and always ended with self-harm. This
in turn lowered her self-esteem and increased the experienced
stress. She was locked in a downward spiral. Gradually her mood
disorder worsened and made her passive. She no longer wanted
to go to school and meet friends, but passed hours in front of the
mirror. She attempted to end her life.

We hypothesized on the basis of the girl's stress complaints
that she felt school, parents, and friends expected too much of
her. After a neuropsychological assessment the testing showed
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that she had a disharmonic intelligence profile with an IQ of
approximately 80 (using the Wechsler Intelligence Scale For
Children-III (92)), inconsistent at all factor levels. We classified
a mild intellectual developmental disorder in the conceptual and
practical domain, which explained the structural struggle with
the standard school curriculum instructions. We educated
parents and school on how instructions might fit in better with
her learning abilities and style. Her preferred method of learning
new things was being shown how to do it, as opposed to having it
explained to her. This led to significant stress reduction and
positive school experiences. In the process her self-esteem
improved, the experienced stress decreased, and her mood
improved. CBT was adjusted to her learning style and was
used to reduce her obsessive–compulsive behavior.
DISCUSSION

Cases
Though both case reports show a different profile of symptoms
and coping mechanisms, in both cases a downward spiral of
stress, coping behavior, and exhaustion are central. Both patients
described themselves as rarely feeling relaxed and as struggling to
fulfill their daily tasks. After several years of chronic stress, a
period followed in which they felt constantly exhausted.

The first patient coped with stressful situations through
aberrant food intake behavior, suicidal thoughts, and mood
swings. She overcompensated this restrictive behavior with
recreational drug abuse. The second patient developed
compulsory behavior, stress, and suicidal thoughts and
overcompensated leading to self-harm. In the current framework
both cases would be viewed as different and based on their
symptomatology ask for different treatments. Reframing both
cases, from the perspective of coping behavior, searching for the
origin and sources of the experienced stress and exhaustion and
coping with stressful situations, showed stress coping similarities
between the two cases and proved an essential part of the
personalized treatment and recovery process. Both cases support
the added clinical value of the functional reframing of depression
as the outcome of a mood-affecting stress and exhaustion related
spiralling mechanism.

The adolescent cases presented here are good examples of
how depression can be managed by relearning effective coping
behavior. This prevents patients from reverting to a depressive
state in order to cope with the life stressors. In more severe and
chronic cases, patients suffering from difficult-to-treat or
treatment resistant MDD, patients are in a deep depressive
state and are not capable of learning new coping behaviors.
We envision that in such situations more radical medical
interventions are needed to first elevate patients from the
depressive state into a state where learning new and effective
coping strategies can take place. In these situations, psychedelics
(e.g. ketamine) have proven to be effective to temporarily draw
people out of a deep depressive state. With the support of follow-
up medication and adequate psychological guidance, the patients
may then develop effective coping strategies.
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Methodological Notes
As this is a narrative review, and not a formal systematic review,
caution needs to be used when interpreting this data. Select
literature sources have been added based on informal searches, so
contradicting studies may have been missed. Similarly, the two
cases were selected for their exemplary stories, not because they
are typical. As such, this paper aims to provide new insights and
direction for future treatments, not a definitive answer on how to
improve treatment.

Possible Implications for the Post-CoViD-
19 Pandemic Period
After the Spanish flu of 1918, many infected patients developed
post-viral fatigue in the following months and years. On top of that,
the randomness of who was infected and who died as a result led to
learned helplessness, which caused anhedonia and other depressive
symptoms (93). The recent pandemic of the novel coronavirus,
severe acute respiratory syndrome coronavirus 2 [SARS-CoV-2,
previously known as 2019-nCov (94)], has overwhelmed healthcare
facilities with the high need for acute care. This puts a large
psychological toll on the entire population, with high levels of
stress (95). Next to the risk of the many life events that can be
expected in these situations, coping behavior—such as avoiding
conflict, or searching social support—is often limited due to
confinements that are put in place to prevent further spread.
Furthermore, the lockdown situation and mass isolation at home
in many countries may increase the risk of domestic violence and
divorces. This could all lead to a rise in trauma-related stress
disorders in the months and years to come. Breaking a vicious
cycle of stress, inadequate coping behavior and exhaustion with a
holistic view, and possibly with psychedelic-supported
psychotherapy, might help treat the many psychiatric patients
that can be expected.
CONCLUSION

Reframing depression and shifting clinical practice to a more
comprehensive and integrated look at the individual experience
of a patient, including all causes for stress, pressure, and
exhaustion, might be more helpful in developing promising
treatment strategies. Also, treatment practices that take into
account preventive mental health interventions, and that focus
on stress, exhaustion, and coping strategies, could have a
significant and lasting impact on many patients struggling with
depression. The perspective of stress, coping, and exhaustion
provides the therapist with another treatment approach that can
work in synergy with the existing arsenal of therapeutic
approaches, making the therapist more effective.

Increased focus is needed on support programs to help
individuals develop functional coping mechanisms to deal with
pressure, before more serious coping mechanisms develop in the
form of withdrawal from stressful situations, compulsory behavior,
or frequently occasional use of recreational drugs (96). Our intuition
is that during successful treatment patients experience small
successes of effective coping and re-live the rewarding properties
Frontiers in Psychiatry | www.frontiersin.org 679
of such experiences. Reliving experiences could repair the damaged
reward mechanisms and diminishes the experienced anxiety and
stress which then might subsequently drive and sustain further
recovery (97). Psychedelics may offer help in breaking free from the
existing cognitive bias, by facilitating introspection, re-living of past
experiences, and development of new coping mechanisms.

Effective treatment strategies for adolescent and young adult
depression should combine different therapeutic modalities and
focus on exhaustion and sources of stress. Using a combination of
treatment modalities could increase therapeutic effectiveness by
improving the pace of learning new coping behaviors, exerting a
synergistic impact on the developmental perspective, and breaking
the downward spiral of stress and exhaustion, which eventually
leads to a reduction of the depression symptoms. This might also
help for other related mental disorders in adolescents and young
adults where exhaustion and stress are central, such as burnout
syndrome (98). But similarly, post-traumatic stress disorder, autism
spectrum disorder, and generalized anxiety disorder are related to
stress (24, 99–101). These disorders could also benefit from the
reframing of the concept of mood and stress. We would like to offer
this integrated and multidisciplinary perspective as a consideration
for the development of new multimodal treatment approaches for
MDD and other related psychiatric disorders.
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72. Dos Santos RG, Osório FL, Crippa JAS, Riba J, Zuardi AW, Hallak JEC.
Antidepressive, anxiolytic, and antiaddictive effects of ayahuasca, psilocybin
and lysergic acid diethylamide (LSD): a systematic review of clinical trials
published in the last 25 years. Ther Adv Psychopharmacol (2016) 6:193–213.
doi: 10.1177/2045125316638008

73. Carhart-Harris RL, Roseman L, Bolstridge M, Demetriou L, Pannekoek JN,
Wall MB, et al. Psilocybin for treatment-resistant depression: fMRI-
measured brain mechanisms. Sci Rep (2017) 7:13187. doi: 10.1038/s41598-
017-13282-7

74. Roseman L, Nutt DJ, Carhart-Harris RL. Quality of Acute Psychedelic
Experience Predicts Therapeutic Efficacy of Psilocybin for Treatment-
Resistant Depression. Front Pharmacol (2017) 8:974. doi: 10.3389/
fphar.2017.00974

75. Carhart-Harris RL, Bolstridge M, Rucker J, Day CMJ, Erritzoe D, Kaelen M,
et al. Psilocybin with psychological support for treatment-resistant
depression: an open-label feasibility study. Lancet Psychiatry (2016) 3:619–
27. doi: 10.1016/S2215-0366(16)30065-7

76. Haile CN, Murrough JW, Iosifescu DV, Chang LC, Al Jurdi RK, Foulkes A,
et al. Plasma brain derived neurotrophic factor (BDNF) and response to
ketamine in treatment-resistant depression. Int J Neuropsychopharmacol
(2014) 17:331–6. doi: 10.1017/S1461145713001119

77. Monteggia LM, Zarate C. Antidepressant actions of ketamine: from
molecular mechanisms to clinical practice. Curr Opin Neurobiol (2015)
30:139–43. doi: 10.1016/j.conb.2014.12.004

78. Kalmoe MC, Janski AM, Zorumski CF, Nagele P, Palanca BJ, Conway CR.
Ketamine and nitrous oxide: The evolution of NMDA receptor antagonists
as antidepressant agents. J Neurol Sci (2020) 412:116778. doi: 10.1016/
j.jns.2020.116778

79. Gastaldon C, Papola D, Ostuzzi G, Barbui C. Esketamine for treatment
resistant depression: a trick of smoke and mirrors? Epidemiol Psychiatr Sci
(2020) 29:e79. doi: 10.1017/S2045796019000751
May 2020 | Volume 11 | Article 412

https://doi.org/10.1016/j.psyneuen.2013.12.004
https://doi.org/10.1016/j.psyneuen.2013.12.004
https://doi.org/10.1016/j.psyneuen.2016.11.036
https://doi.org/10.1016/j.psyneuen.2016.11.036
https://doi.org/10.1186/1471-244X-14-174
https://doi.org/10.1186/1471-244X-14-174
https://doi.org/10.1016/S0893-133X(00)00159-7
https://doi.org/10.1016/S0893-133X(00)00159-7
https://doi.org/10.1007/s11920-011-0232-0
https://doi.org/10.1016/j.nbd.2012.05.008
https://doi.org/10.3109/10673229.2011.586550
https://doi.org/10.1017/S0033291712000955
https://doi.org/10.1176/appi.ajp.2011.11020335
https://doi.org/10.12659/MSM.889778
https://doi.org/10.1097/00006842-197007000-00008
https://doi.org/10.1038/scientificamerican0672-104
https://doi.org/10.1002/depr.3050010211
https://doi.org/10.1021/acschemneuro.9b00493
https://doi.org/10.1016/j.bbr.2020.112532
https://doi.org/10.1037/a0016242
https://doi.org/10.1016/j.pnpbp.2013.09.017
https://doi.org/10.1016/S0140-6736(16)30385-3
https://doi.org/10.1016/S0140-6736(17)32802-7
https://doi.org/10.1016/S0140-6736(17)32802-7
https://doi.org/10.3389/fpsyg.2019.00543
https://doi.org/10.3389/fpsyg.2019.00543
https://doi.org/10.1126/science.aab2358
https://doi.org/10.1016/j.metabol.2012.08.021
https://doi.org/10.2217/BMM.14.29
https://doi.org/10.1176/ajp.2006.163.11.1905
https://doi.org/10.3109/09540261.2013.813442
https://doi.org/10.3109/09540261.2013.813442
https://doi.org/10.1002/cpt.557
https://doi.org/10.1002/cpt.557
https://doi.org/10.1016/S2215-0366(18)30100-7
https://doi.org/10.1176/appi.ajp.2019.19010035
https://doi.org/10.1176/appi.ajp.2019.19010035
https://doi.org/10.4045/tidsskr.17.1110
https://doi.org/10.1016/j.pnpbp.2017.09.012
https://doi.org/10.1016/j.pnpbp.2017.09.012
https://doi.org/10.1177/2045125316638008
https://doi.org/10.1038/s41598-017-13282-7
https://doi.org/10.1038/s41598-017-13282-7
https://doi.org/10.3389/fphar.2017.00974
https://doi.org/10.3389/fphar.2017.00974
https://doi.org/10.1016/S2215-0366(16)30065-7
https://doi.org/10.1017/S1461145713001119
https://doi.org/10.1016/j.conb.2014.12.004
https://doi.org/10.1016/j.jns.2020.116778
https://doi.org/10.1016/j.jns.2020.116778
https://doi.org/10.1017/S2045796019000751
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


van der Gronde et al. Understanding, Preventing, and Treating Adolescent Depression
80. Wagner MT, Mithoefer MC, Mithoefer AT, MacAulay RK, Jerome L, Yazar-
Klosinski B, et al. Therapeutic effect of increased openness: Investigating
mechanism of action in MDMA-assisted psychotherapy. J Psychopharmacol
(2017) 31:967–74. doi: 10.1177/0269881117711712

81. Valkanova V, Ebmeier KP, Allan CL. CRP. IL-6 and depression: A
systematic review and meta-analysis of longitudinal studies. J Affect Disord
(2013) 150:736–44. doi: 10.1016/j.jad.2013.06.004

82. Müller N, Myint AM, Schwarz MJ. Inflammatory biomarkers and depression.
Neurotox Res (2011) 19:308–18. doi: 10.1007/s12640-010-9210-2

83. Watson PJ, Andrews PW. Toward a revised evolutionary adaptationist
analysis of depression: the social navigation hypothesis. J Affect Disord
(2002) 72:1–14. doi: 10.1016/S0165-0327(01)00459-1

84. Beard C. Cognitive bias modification for anxiety: current evidence and
future directions. Expert Rev Neurother (2011) 11:299–311. doi: 10.1586/
ern.10.194
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INTRODUCTION

The clinical manifestations of bipolar disorder (current
depressive episode) (BD) and unipolar depressive disorder
(UD) have a number of similar characteristics. Both disorders
present a substantial public health burden due to their high
prevalence, recurrence, and degree of disability. Although the
theoretical basis of clinical psychiatry has been developed for
more than half a century from Kraepelin’s conceptual
foundations of mental illness to descriptive symptomatological
conception, it still is not easy to clearly distinguish BD from UD.
An episode of major depression may occur in the early stage of
BD such that the patient is misdiagnosed with UD due to the lack
of any history of hypomanic or manic episodes. It is possible for
clinicians to change a diagnosis over time when evidence of
hypomanic or manic episodes appears. The time-delay gap
between the onset and the accurate diagnosis of BD, on
average, is approximately five to ten years (1). Delayed
diagnosis of BD may lead to a deleterious outcome through the
use of antidepressant monotherapy, which would increase the
risk of ‘switching’ into hypomanic or manic episodes (2, 3).
Approximately 40% to 70% of BD patients have to confront the
problem of receiving an appropriate diagnosis as early as possible
(4, 5). It is imperative for clinicians to make a precise diagnosis to
discern BD from UD. A series of clinical assessments have been
administered, including sub-threshold hypomania, atypical
depressive symptoms, and other clinical characteristics (6–8).
Nonetheless, it is not enough to effectively distinguish the
disorders using only these clinical symptoms.

Given the significant heritability of UD and BD, candidate
genes for both diseases have been identified (9–11). One
genome-wide association study (GWAS) that focused on major
depression and included over 135,000 individuals identified 44
loci with genome-wide significance (12). Another GWAS that
included over 20,000 BD patients found 30 significant genomic
loci (13). However, these GWAS presented poor replication and
failed to find shared or distinct genetic markers of affective
disorder. One reason for this failure is that psychiatric diseases
result from environmental causes as well as predisposing genetic
factors. Epigenetic mechanisms indicate the interaction of
genetic and environmental factors (G*E interaction). Given the
role of non-coding RNAs as post-transcriptional regulators of
gene expression, microRNAs are considered to be one of the G*E
pathological features of affective disorders. Thus, the use of
microRNA expression is of considerable interest to detect and
distinguish UD from BD (14–17).

MicroRNAs (miRNAs) are small, endogenously-expressed,
non-coding RNAs (~22 nucleotides) that can repress translation
to inhibit protein synthesis or promote degradation of target
mRNAs with complementary sequences (18). One miRNA can
target hundreds of different mRNAs, and multiple miRNAs may
regulate a single mRNA. Nearly 70% of mammalian miRNAs are
expressed in the brain that generally negatively regulate target
gene expression. Emerging studies have demonstrated that miRNAs,
which are regarded as “neural communication sculptors,” play an
essential role in the proliferation, differentiation, and migration of
Frontiers in Psychiatry | www.frontiersin.org 284
neurons and participate in the regulation of neuropsychiatric
disorders (19, 20). Zhao et al. reported that sevoflurane-induced
upregulation of miR-19-3p in neonatal rats post-transcriptionally
inhibited protein translation of CCNA2, which contributed to the
impairment of learning and memory (21). Clinical studies have
reported altered miRNA expression in different brain regions of
patients with schizophrenia, bipolar disorders, and major depressive
disorder (22, 23).

MiRNAs are also released and circulating in the serum,
plasma, and other body fluids. The signatures of circulating
miRNAs may be potentially useful non-invasive biomarkers for
disease, such as psychiatric disorders. For example, circulating
miRNAs were shown to be changed by electroconvulsive shock
therapy in psychotic depression (24). Walker et al. identified
differential miRNAs (miR-15b, miR-132, and miR-652) in
whole-blood samples of bipolar disorder comparing to healthy
controls (25). Another study found a set of circulating miRNAs
(let-7a-5p, let-7d-5p, let-7f-5p, miR-24-3p, and miR-425-3p)
that were specifically altered in major depressive patients, five
miRNA transcripts (miR-140-3p, miR-30d-5p, miR-330-5p,
miR-378-5p, and miR-21-3p) were specifically altered in
bipolar disorder patients, and two miRNAs (miR-330-3p and
miR-345-5p) were altered in both diseases (26). Though the
potential use of circulating miRNAs for psychiatric disorders
screening has emerged, whether circulating miRNAs can be used
as biomarkers for distinguishing bipolar depression from
unipolar depression is still unclear.

Among the numerous adverse environmental conditions that
exist, early childhood trauma, such as emotional abuse or
neglect, physical abuse or neglect, and sexual abuse, is the
greatest risk factor for the onset and development of depression
(27). Patients diagnosed with UD or BD experienced more
childhood trauma than healthy subjects (28, 29). Neuroimaging
studies have shown that early life adversities were associated with
structural and functional abnormalities in specific brain regions that
are involved in cognitive processing and emotional regulation (30).
Growing evidence supports a direct association between exposure to
childhood trauma and elevated levels of inflammatory biomarkers,
such as C-reactive protein, interleukin-6, and white blood cell
counts (31). The impact of early life adversity and a dysregulated
inflammatory profile would persist into adulthood, leading to
greater vulnerability to depression (32, 33). It is hypothesized that
the activation of immunological processes might be the mediator
between childhood trauma and psychopathological outcomes (34).

During the process of adaptation to environmental
perturbations by the individual, gene expression is modulated
dynamically to optimize responses to stress. Emerging evidence
indicates that miRNAs are ideally positioned to coordinate the
genomic response to stress (35). Stress-induced alterations in
miRNA expression affect multiple biological processes, including
neurotransmission, cytokine production, and inflammation.
Understanding the role of miRNAs in regulating stress-
induced gene expression could have diagnostic benefits in
mood disorders. To date, no studies have been conducted that
compare the interactions between alterations in miRNA
expression and early life adversities in UD and BD patients.
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The present study used an array to assess genome-wide plasma
miRNA expression in UD and BD patients in combination with
the assessment of the environmental risk factor of childhood
trauma. The results of this study present a novel and
comprehensive molecular signature that can contribute to the
differential pathogenesis of UD and BD.
MATERIALS AND METHODS

Participants
Patients who were experiencing a major depressive episode were
recruited from the Department of Psychiatry of the Affiliated
Nanjing Brain Hospital of Nanjing Medical University from
2015 to 2016. The inclusion criteria for patients were as
follows. (i) The patients received a diagnosis from a senior
psychiatrist of major depressive disorder (unipolar depression,
UD) or bipolar disorder (type I or type II) (BD) according to the
Structured Clinical Interview for DSM-IV (SCID-IV). (ii) The
patients received a 24-item Hamilton Depression Rating Scale
(HAMD-24) score equal to or greater than 20. (iii) The age of the
patients was between 18 and 55 years. (iv) The patients did not
receive any psychotropic medications (including antipsychotics,
antidepressants, mood stabilizers, and benzodiazepines) for at
least four weeks. The exclusion criteria included the following. (i)
The patients were diagnosed with other DSM-IV psychiatric
disorders. (ii) The patients had a history of severe head injury.
(iii) The patients were diagnosed with any neurological diseases
or severe physical diseases, as evaluated by laboratory tests or
personal history. (iv) The patients had a history of alcohol or
substance dependence or abuse. (v) The patients were pregnant
or lactating. All patients who were included in the study were
followed up every six months until December 2018. The different
types of early life stress were assessed among all patients when
they entered the study using the Childhood Trauma
Questionnaire (CTQ) (36). At every follow-up time point, the
UD patients were administered the 32-item hypomania checklist
(HCL-32) to screen for hypomania symptoms (37). If the HCL-
32 score was greater than 14 points, the patient’s diagnosis was
switched to BD, and the patient was excluded from the study.

The healthy control group included individuals who were
matched to the patients with respect to age, gender, and
education. The control subjects were recruited from
communities in Nanjing from 2015 to 2016 and were screened
using the Mini International Neuropsychiatric Interview (MINI)
(38). Healthy controls were excluded if they had any history of
psychiatric disorders or had any family history of mental
disorders in their first-degree relatives.

All subjects were genetically unrelated, ethnic Han Chinese,
with at least six years of education. Each subject donated 5 ml of
venous blood at the time of their recruitment. A two-phase study
was designed. First, in the screening phase, we performed
peripheral miRNA profiling using Affymetrix chips for UD
patients, BD patients, and healthy controls who were randomly
selected from the sample set. In the second, independent
validation phase, we examined the expression levels of
Frontiers in Psychiatry | www.frontiersin.org 385
identified miRNAs in all participants and analyzed the results
of the miRNA arrays using the Gene Ontology and KEGG
Pathway assays. Finally, we assessed the shared and distinct
correlations between the expression of selected miRNAs and
childhood traumatic experiences in UD and BD patients.

This study was approved by the institutional review board of
the Affiliated Nanjing Brain Hospital of Nanjing Medical
University, and written informed consent was obtained from
each participant.

Plasma Preparation and RNA Isolation
The plasma was separated from venous blood within 24h after
collection by centrifugation at 12,000 r.p.m. for 15 min. The
supernatant from the plasma samples was stored in 300 µl
aliquots at −80°C in RNase-free microtubes until it was used for
miRNA extraction. A modified method was utilized to isolate total
RNA. Briefly, Trizol reagent (Invitrogen, Carlsbad, CA, USA) was
used to break down cells and cellular components in the plasma,
and total RNA was extracted and purified using a miRNeasy
Serum/Plasma Kit (Qiagen, Valencia, CA, USA) according to the
manufacturer’s instructions. RNA quality and quantity were
evaluated using a NanoDrop ND-1000 spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA).

miRNA Array
During the screening phase, a volume corresponding to 500 ng of
total RNA from each blood sample was processed using a
FlashTag Biotin HSR RNA Labeling kit (Affymetrix, Santa
Clara, CA, USA), following the manufacturer’s protocol. The
RNA was subsequently hybridized onto Affymetrix GeneChip
miRNA 4.0 Arrays that each contained 2,578 human miRNA
sequences (Affymetrix, Santa Clara, CA, USA). The GeneChip
miRNA 4.0 Arrays were washed and stained using aFluidics
station 450 and a GeneChip Scanner 3000 7G (Affymetrix, Santa
Clara, CA, USA), respectively.

qRT-PCR Validation
At the validation phase, quantitative real-time PCR (qRT-PCR)
was performed using Taqman microRNA probes (Applied
Biosystems Inc, CA, USA) to confirm the candidate miRNAs
identified on the microarrays. Total RNA was reverse transcribed
to complementary DNA using a miRNA 1st Strand cDNA
Synthesis Kit, stem-loop RT primers (Vazyme, Nanjing,
China), and the GeneAmp 9700 PCR System (Thermo
Scientific, MA, USA). The reactions began in a 384-well optical
plate at 95°C for 5 minutes, followed by 40 cycles of 95°C for 10
seconds and 60°C for 30 seconds. The quantitative detection of
the miRNAs was performed using the miRNA Universal SYBR
qPCR Master Mix (Vazyme, Nanjing, China) and implemented
on the Agilent AriaMx platform (Agilent Technologies, Palo
Alto, CA, USA). All reactions, including no-template controls,
were performed in triplicate. To calculate the relative expression
levels of the target miRNAs, U6 was used as the control miRNA
for plasma samples (the sequences of the primers listed in
Supplemental data 1).
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Data Analysis
All statistical analyses were performed using R (version 3.5.0)
and SPSS (version 24.0). Demographic and clinical
characteristics among the three groups were compared using
c2 tests, the Student’s t-test, or one-way ANOVA.

CEL-files of raw data were produced using Affymetrix GeneChip
Command Console Software, Version 4.0 (Affymetrix, Santa Clara,
CA, USA). Arrays were normalized using quantile normalization,
and the probe values were log2 transformed. All data have been
submitted to the GEO repository (code number: GSE152267).

We utilized one-way ANOVA to detect differently expressed
miRNAs among all three groups, and miRNAs were chosen as
candidates for further confirmation by individual qRT-PCR
according to the following three criteria: (i) p-value <0.05 for
the ANOVA; (ii) assessed using Fisher’s Least Significant
Difference test as the Post Hoc test for multiple comparisons;
(iii) fold changes (FCs) ≥3/2 or ≤2/3 between every two groups
(BD vs. controls, UD vs. controls, and BD vs. UD).

Concerning qRT-PCR validation, the Ct values were
normalized according to the delta Ct (DCt) method based on
the internal reference, U6. The relative expression levels of target
miRNAs were calculated using 2-DDCT, which were analyzed
using the Student’s t-test for independent samples (39). Binary
logistic regression was applied to determine correlations between
miRNA expression levels and childhood traumatic variables. A
p-value<0.05 was statistically significant for all analyses.

Target Gene Prediction and
Pathway Analysis
Bioinformatic analysis (Genminix Informatics Ltd., Shanghai,
China) was performed for the miRNAs expressed in significant
amounts. TargetScan (http://www.targetscan.org/) and miRanda
(http://www.microrna.org/microrna/hom.do) were used to
predict target genes for the validated candidate miRNAs, and
only genes predicted by both databases were retained. To identify
the potential biological mechanism of differentially expressed
miRNAs among the BD, UD, and healthy controls, we
performed gene ontology (GO, http://www.geneontology.org/)
and Kyoto Encyclopedia of Genes and Genomes (KEGG, http://
www.genome.jp/kegg/) pathway enrichment analysis with the
David web application (https://david.ncifcrf.gov). Fisher’s exact
test was employed to determine whether a gene set was enriched
for a specific gene using GO terms or KEGG pathways compared
to the background information. The p-value was corrected for
false discovery rates (FDR). GO terms with a p-value<0.01 and a
KEGG pathway with a p-value<0.05 were considered significant.
The miRNA-mRNA-gene network of miR-19b-3p was obtained
by using Cytoscape (Version 2.8.2).
RESULTS

Demographic and Clinical Characteristics
of the Subjects
All subjects were followed up every six months to confirm
whether they experienced any hypomania or mania episodes
Frontiers in Psychiatry | www.frontiersin.org 486
until December 2018. During three years of follow up, six UD
patients (two males and four females, with a mean age of 26.2 ±
10.0 years) experienced a manic episode that lasted more than
seven days. These six patients were excluded from the study since
their diagnosis was switched from UD to BD. Thus, 32 UD
patients and 27 BD patients were included in the final analysis
(see Table 1). There was no statistical difference between these
two groups regarding age, gender, education, or family history
(p>0.05). The UD group recruited more first-episode patients
compared to the BD group, while patients in the BD group had a
longer duration of illness than the UD group. Clinical
assessments showed that there were no significant differences
in the total scores for HAMD between the two diagnostic groups.
At the same time, the UD patients had higher anxiety or
somatization scores (p<0.05) and sleep disturbance scores
(p<0.01) compared to BD patients.

miRNA Expression Profiles
Seven UD patients, seven BD patients, and six healthy controls
were randomly selected from the total sample to undergo
microarray chip inspection. There were no differences in the
subjects’ demographic characteristics, the overall severity of
depression, or childhood traumatic experiences (see
Supplementary data 2). Total RNA extracted from peripheral
venous blood was analyzed using Affymetrix miRNA 4.0 Arrays.
The altered miRNA expression in UD and BD patients compared
to healthy controls are listed in Supplementary data 3.
Seventeen miRNAs were down-regulated, and 25 miRNAs
were up-regulated (p<0.05).

Hierarchical clustering was carried out for all covered human
mature miRNAs and pre-miRNAs, and significant differences in
expression values were observed between the patients diagnosed
with UD and BD and healthy controls. (Figure 1). Following
hierarchical clustering, the array results were narrowed down to
dysregulated miRNAs with a p-value < 0.05 from one-way
ANOVA analysis of the three groups and a fold change ≥3/2
or ≤2/3 for all the two-group comparisons. Based on these
criteria, three representative miRNAs (miR-19b-3p, miR-3921,
and miR-1180-3p) were selected for PCR to validate the
microarray results.

Verification Using Quantitative Real-Time
PCR
Quantitative real-time PCR (qRT-PCR) was performed to verify
the differentially expressed miRNAs in an expanded sample
comprised of 32 UD patients and 27 BD patients. Only
miRNAs with a fold change ≥3/2 or ≤2/3 and a p-value < 0.05
from Student’s t-tests for each two-group comparison were
validated. Of these, miR-19b-3p was verified to be down-
regulated (see Figure 2).

Microarray-Based Gene Ontology and
Signal Pathway Analysis
Based on the GO and KEGG signal pathway analyses, we first
predicted mRNAs that could be regulated by miR-19b-3p. Then
we performed an enrichment analysis to infer the putative
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biological pathways that might be involved in the miRNA
regulation. We detected 288 mRNAs regulated by miR-19b-
3p (see Supplementary Data 4). Significant gene functions and
pathways putatively altered in UD and BD patients were
selected based on the standards of p<0.01 (GO) and p<0.05
(KEGG). GO results revealed that most functions associated
with miR-19b-3p regulation were related to signal transduction,
neuron growth, cell differentiation, and apoptosis (Figure 3A).
The most relevant KEGG signal pathways were involved in
enrichment of biological processes, which included mTOR,
autophagy, FoxO, prolactin, p53, and the PI3-K/Akt signaling
pathway (Figure 3B). A more intuitive miRNA-mRNA-gene
network diagram was produced to investigate the potential role
of miR-19b-3p in the pathogenesis of depression (Figure 3C).
The most relevant target genes were MAPK1, PTEN,
TGFBR2, PRKAA1, PIK3R3, and RAF1, which were involved
in multiple pathways.

Correlation Between miRNA Expression
and Stress-Related Psychological
Variables
A binary logistic regression model was produced to examine the
correlation between miR-19b-3p expression and exposure to
childhood trauma in patients with UD and BD, with
adjustments for demographic variables. The results showed
that the expression level of miR-19b-3p (OR=5.717, 95%
CI:1.497–21.835, p=0.011) and the overall severity of childhood
trauma (OR=1.099, 95%CI:1.012-1.192, p=0.025) were
Frontiers in Psychiatry | www.frontiersin.org 587
significantly associated with greater risk of BD. Among the
sub-types of childhood trauma (emotional abuse, physical
abuse, sexual abuse, emotional neglect, and physical neglect),
there was a weak association between physical neglect and UD
(OR=0.773, 95%CI:0.598-0.999, p=0.049) (Table 2). The other
specific types of childhood trauma were not significantly
correlated with any morbid status.
DISCUSSION

In the present study, we systematically investigated the genome-
wide miRNA expression profile in plasma from patients with UD
and BD as compared to healthy subjects. Among 42 differentially
expressed miRNAs, three miRNAs (miR-19b-3p, miR-3921, and
miR-1180-3p) were selected to validate the microarray chip results.
The novel miR-3921 was significantly up-regulated in the UD group
but was not verified. miR-1180-3p was up-regulated in UD and BD
patients but also was not verified. To date, no published reports have
associated these two miRNAs with psychiatric disorders. However,
miR-19b-3p was significantly down-regulated in the patient group,
which indicates that peripheral miRNAs are possible non-invasive
biomarkers with the necessary diagnostic accuracy. Furthermore, a
specific miRNA related to psychological factors might help
differentiate BD from UD. The BD patients were more likely
to exhibit the combination of over-expressed miR-19b-
3p and more severe childhood trauma when UD and BD patients
were compared.
TABLE 1 | Demographic and clinical characteristics of unipolar depression, bipolar depression, and healthy controls.

Variables Total participants Significance

UD (n = 32) Mean (SD) BD (n = 27) Mean (SD) HC (n = 18) Mean (SD) p (UD vs. BD) p (three groups)

Age (years) 35.06 ± 8.20 31.06 ± 9.97 32.56 ± 6.64 0.114 0.192
Age range (years) 19~51 18~54 21~46
Female (n(%)) 21 (66.7%) 19 (70.4%) 8 (44.4%) 0.698 0.188
Education (years) 13.53 ± 3.39 13.74 ± 2.64 13.67 ± 3.07 0.957 0.965
Duration of illness (months) 17.44 ± 17.37 36.15 ± 42.37 0.026*
Family history (n(%)) 8 (25.0%) 8 (29.6%) 0.690
Depression for first episode (n(%)) 29 (90.6%) 15(80.0%) 0.002**

Clinical assessment
Total score of HAM-D24 31.38 ± 6.04 28.63 ± 5.20 0.069

Subscore of HAM-D24

Anxiety/somatization 8.22 ± 3.20 6.33 ± 2.48 0.016*
Cognitive disturbance 3.97 ± 1.98 4.37 ± 1.76 0.417
Retardation 7.84 ± 1.55 8.26 ± 1.89 0.357
Hopelessness 5.22 ± 1.95 5.00 ± 2.11 0.681
Sleep disturbance 4.63 ± 1.29 3.67 ± 1.71 0.007**
Weight loss 1.19 ± 0.93 0.52 ± 0.89 0.719
Circadian fluctuation 0.31 ± 0.59 0.26 ± 0.53 0.603

Total score of CTQ 50.75 ± 11.7 54.85 ± 14.11 44.67 ± 3.76 0.018*

Subtypes of CTQ
Emotional abuse 8.94 ± 3.88 10.30 ± 5.53 6.78 ± 1.11 0.025*
Physical abuse 6.47 ± 2.26 6.89 ± 2.93 4.94 ± 0.24 0.019*
Sexual abuse 5.72 ± 1.87 5.81 ± 1.67 5.00 ± 0.00 0.195
Emotional neglect 13.38 ± 4.69 15.48 ± 5.32 10.89 ± 2.42 0.005**
Physical neglect 9.19 ± 3.73 9.41 ± 4.12 7.22 ± 2.39 0.110
Au
gust 2020 | Volum
UD, unipolar depression; BD, bipolar depression; HC, healthy control; HAM-D24, 24-item Hamilton Depression Scale; CTQ, Childhood Trauma Questionnaire. *p < 0.05, **p < 0.01.
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miR-19b-3p and Its Pathology in
Psychiatric Diseases
MiR-19b-3p belongs to the miR-17/92 cluster, which exerts
powerful effects on lymphocyte development, proliferation,
activation, differentiation, and cytokine production (40, 41).
Gantier et al. first reported that miR-19b regulated the activity
of nuclear factor-kB (NF-kB) signaling in inflammation (42).
Over-expression of miR-19b-3p inhibited the production of IL-6
and IL-8, and the interaction of miR-19b-3p with its direct target
gene, G protein-coupled receptor kinase 6 (GRK6), was
discovered to affect inflammation (43).

TNFAIP3, which is negatively regulated by miR-19b-3p, is
widely recognized as an important regulator of inflammation
(44). An intriguing role for miR-19b-3p is to regulate the
neuroinflammatory response induced by the Japanese
encephalitis virus (JEV) via enhancement of NF-kB signaling
(45). Dwivedi et al. reported that miR-19b was over-expressed in
the prefrontal cortex of rats with stress-induced depression with
chronic administration of exogenous corticosterone (46).
Although the epigenetic mechanisms of miR-19b-3p in
psychiatric disorders remain unclear, various studies point to
the effects of this miRNA in the communication between the
immune system and the brain, which is known as a new area in
psychiatry, specifically, immunopsychiatry.

The Target Genes of miR-19b-3p in
Unipolar Depression and Bipolar Disorder
Our in silico results predicted a series of target genes and
biological pathways for miR-19b-3p. Since patients with major
depression who experienced childhood trauma were susceptible
to immune dysregulation, we first check the biological processes
associated with miR-19b-3p in immunomodulation between UD
patients and BD patients. GO analysis predicted that the target
gene function of miR-19b-3p, was enriched in the Wnt signaling
pathway. It is consistent with a previous study that dysregulated
expression of Wnt-related genes was shown in BD (47).
Numerous studies have shown that suppression of Wnt
signaling could induce both manic and depressive behaviors
and exacerbate a proinflammatory state leading to increased
neuronal apoptosis (48). In our study, the Wnt pathway was the
Frontiers in Psychiatry | www.frontiersin.org 789
most significantly enriched biological function, indicating its
potential role in identifying UD and BD patients.

KEGG enrichment analyses predicted that the most
significant target gene pathway was the mammalian rapamycin
(mTOR) signaling pathway. Accumulating evidences suggested
that mTOR signaling was dysregulated in depression (49).
Activated mTOR signaling might be related to antidepressant-
like effects in the hippocampus by modulating inflammatory
cytokines such as interleukin-1b (IL-1b), interleukin-6 (IL-6),
and tumor necrosis factor-a (TNF-a) (50). Autophagy signaling
was the second, riched pathway regulated by miR-19b-3p.
Dysregulation of autophagy leads to various disease
manifestations, such as inflammation, metabolic alterations,
and neurodegeneration (51). Some antidepressants induce
inflammatory suppression through decreased serum levels of
IL-1b and IL-18 and decreased NLRP3 protein expression via the
autophagy pathway (52). Recent findings indicated that the
forkhead box O (FoxO) signaling pathway is involved in the
development of major depression and constitutes a potential
therapeutic target in the treatment of depression (53). Although
there is no evidence for FoxO involvement in BD, our results
suggested that this pathway played an important role via miR-
19b-3p in both UD and BD.

The prolactin pathway was identified in the differentiation
between UD and BD. Hyperprolactinemia is reported commonly
in subjects with a psychotic disorder which could due to stress,
while information regarding mood disorder patients was
particularly lacking (54). The p53 signaling, identified differently
between UD and BD patients in our study, has not been reported
to be associated with psychiatric disorders previously. Although
the phosphatidylinositol 3-kinase (PI3K)-Akt signaling pathway
was less strongly associated with miR-19b-3p expression, it
contains the largest number of target genes. PI3K-Akt signaling
is involved in the inhibition of the inflammatory response of
lipoteichoic acid-stimulated macrophages (55). Reports indicate
that some antidepressants used in clinical practice exert
therapeutic efficacy via the promotion of the hippocampal PI3k-
Akt-mTOR signaling pathway (56).

Mitogen-activated protein kinase 1 (MAPK1) had the highest
predictive value among all the target genes of miR-19b-3p.
A B C

FIGURE 2 | Scatter plot figures show qRT-PCR validation of the differential expression of three miRNAs among three groups (unipolar patients (UD), bipolar patients
(BD), and healthy controls (HC) (A) miR-19b-3p, (B) miR-3921, (C) miR-1180-3p). The values of 2-DDCT represent the expressed level of filtered miRNAs. A p-value
of < 0.05 means statistically significant.
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Emerging evidence has revealed that alteration of MAPK1 is
associated with psychiatric disorders, such as major depressive
disorders, bipolar disorder and schizophrenia (57, 58). MAPK1 is
highly expressed in the prefrontal cortex and hippocampus, and
can modulate neuronal growth and differentiation, synaptic
plasticity, and inflammatory processes via mTOR, FoxO, and
other signaling pathways (59, 60).

Phosphatase and tensin homolog (PTEN) is a significant
target of miR-19b-3p, and it directly regulates the PI3-K-Akt-
mTOR signaling pathway, which is regarded as the most critical
pathway for many neurobiological functions in the brain. PTEN
regulates neuron cell size and affects dendritic growth, and it also
acts as a significant tumor suppressor gene through the
modulation of the inflammatory process (61, 62). Altered
expression of PTEN in the blood is considered a biomarker for
suicidal tendencies (63), as well as in the prefrontal cortex and
hippocampus of suicide victims (64). The possibility of using
miR-19b-3p and its target genes, such as PTEN to identify stress-
related neuropathology in mood disorders, is encouraging. An
upstream molecule in the mTOR pathway (PRKAA1) was down-
regulated by miR-181a and facilitated hippocampal fear memory
consolidation (65). Fear inhibition is related to trauma events
(66). Therefore, PRKAA1 is one of significant target genes of
miR-19b-3p that could be associated with stress-induced bipolar
patients via activation of the mTOR pathway.

Childhood Traumatic Exposure and miRNA
Alterations in Depressive Patients
Early life adversities, such as emotional, physical, and sexual
abuse or neglect in childhood, are associated with poor
psychological health outcomes in adults. Childhood traumatic
experiences play an important role in developing BD, induction
of more severe clinical symptoms, impairing emotion regulation
and cognitive function, and lead to a much higher risk for suicide
(28). Recent studies have explored the epigenetic mechanisms
between childhood trauma and major depression, as well as
schizophrenia (14). Our findings provide a significant association
between childhood traumatic experiences and altered expression
of miR-19b-3p in BD. Based on our bioanalysis results, plasma
miR-19b-3p might be a biomarker associated with the impact of
childhood trauma on UD and BD through the involvement of
inflammatory processes.

Increased inflammation has been described in healthy
individuals exposed to childhood trauma, suggesting a potentially
causal role in the future onset of depression (67, 68). The Dwivedi
group focused on epigenetic mechanisms of depression and suicide
Frontiers in Psychiatry | www.frontiersin.org 991
and recently reported that proinflammatory cytokines (e.g., TNF-
a) andmiR-19a-3b were up-regulated in the dorsolateral prefrontal
cortex (DLPFC) in suicide victims, and both molecules were
increased in the peripheral blood mononuclear cells of depressed
patients with severe suicidal ideation (69).

Another important finding showed that unipolar patients
with the lowest expression of peripheral miR-19p-3b among
the three groups experienced more physical neglect, which has
not been reported previously. The effects of neglect can be as
traumatic as or even more traumatic than the effects of abuse,
and the traumatic effects persist into adulthood (70). Neglect has
several forms. Physical neglect could prompt the individual to
develop psychological unavailability, which impacts the
development of depressive symptoms. Further research is
needed on possible epigenetic mechanisms of neglect
associated with miRNAs.

Strengths and Limitations
This study has some strengths. First, we stringently recruited
subjects in the screening phase. There were nearly identical
clinical manifestations of the unipolar and bipolar patients,
which could exclude possible confounding caused by distinct
profiling between the two groups. Second, the differentiated
miRNAs were systematically screened through the whole
miRNome profiling on unipolar and bipolar depressive patients
and healthy controls and was validated in a larger independent
sample to increase the reliability of the results. Third, we provided
an in-depth discussion of the possible miRNA targets and the
integration of potential molecular mechanisms with environmental
factors. We explored the possible use of peripheral miRNAs as non-
invasive diagnostic biomarkers of mood disorders from an
immune-psychiatry perspective and prompted further research on
the role of miR-19p-3b in depression.

Nevertheless, the relationship of miRNA expression in
plasma and the brain is not clear, since we only observed
alterations in peripheral miRNAs. It is a concern that there
were two selected miRNAs eliminated in the validation phase,
which might be due to the limited sample size. A miRNA panel
would be a more robust method of diagnosis of UD or BD. We
did not examine any circulating inflammatory factors that were
potentially related to the disorders. Therefore, the association
between miRNA expression and immunological regulation
remains unclear. A well-designed study would need to be
conducted to develop a psychoneuroimmunology network of
childhood trauma, immunological indices, altered miRNAs,
and the disorder.
CONCLUSIONS

This study showed that the expression profiling of plasma
miRNAs was altered both in UD and BD. miR-19b-3p was
down-regulated in patients with depression and was validated
to be over-expressed in BD but not UD. The target genes for
miR-19b-3p were primarily enriched in the Wnt signaling and
mTOR pathways. These miRNA gene targets elucidate the
TABLE 2 | The logistic regression of miR-19b-3p and childhood trauma
characteristics between the patients with UD and BD.

B p value OR 95%CI

miR-19b-3p 1.743 0.011* 5.717 1.497 21.835
Total score of CTQ 0.094 0.025* 1.099 1.012 1.192
Physical neglect −0.258 0.049* 0.773 0.598 0.999
UD, unipolar depression; BD, bipolar depression; CTQ, childhood trauma questionnaire.
Physical neglect: a subtype of childhood trauma. *p < 0.05
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pathways and mechanisms involved in neuroimmunology
pathways and depression pathogenesis.
DATA AVAILABILITY STATEMENT

All data have been submitted to the GEO repository (code
number: GSE152267).
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Affiliated Brain Hospital of Nanjing Medical
University ethics committee. The patients/participants provided
their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

YC: collected data, conducted the statistical analysis, drafted the
manuscript, edited, and submitted the manuscript. JS, HL, QW, XC,
HT, RY: collected data, reviewed, and revised the manuscript. QL:
statistical analysis, critically reviewed, edited, and revised the
manuscript. ZY: conceptualized and designed the study, critically
reviewed, and revised the manuscript.
Frontiers in Psychiatry | www.frontiersin.org 1092
FUNDING

This work was supported by National Key R&D Program of
China under grant number 2018YFC1314600; The National
Natural Science Foundation of China under grant number
81871066,81571639; Jiangsu Provincial Medical Innovation
Team of the Project of Invigorating Health Care through
Science, Technology and Education under grant number
CXTDC2016004; Jiangsu Provincial key research and
development program under grant number BE2018609;
Jiangsu Provincial Medical Youth Talent-The Project of
Invigorating Health Care through Science, Technology and
Education, QNRC2016049; The Science and Technology
Program of Nanjing, 201803030.
ACKNOWLEDGMENTS

We thank all subjects for participating in this study.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2020.
00757/full#supplementary-material
REFERENCES

1. Vieta E, Sánchez-Moreno J, Lahuerta J, Zaragoza S. Subsyndromal depressive
symptoms in patients with bipolar and unipolar disorder during clinical
remission. J Affect Disord (2008) 107(1-3):169–74. doi: 10.1016/j.jad.2007.08.007

2. Williams AJ, Lai Z, Knight S, Kamali M, Assari S, McInnis MG. Risk Factors
Associated With Antidepressant Exposure and History of Antidepressant-
Induced Mania in Bipolar Disorder. J Clin Psychiatry (2018) 79(3):17m11765.
doi: 10.4088/JCP.17m11765

3. Viktorin A, Lichtenstein P, Thase ME, Larsson H, Lundholm C, Magnusson
PKE, et al. The Risk of Switch to Mania in Patients With Bipolar Disorder
During Treatment With an Antidepressant Alone and in CombinationWith a
Mood Stabilizer. Am J Psychiatry (2014) 171(10):1067–73. doi: 10.1176/
appi.ajp.2014.13111501

4. Hirschfeld RM, Calabrese JR, Weissman MM, Reed M, Davies MA, Frye MA,
et al. Screening for bipolar disorder in the community. J Clin Psychiatry
(2003) 64(1):53–9. doi: 10.4088/JCP.v64n0111

5. Baldessarini RJ, Tondo L, Baethge CJ, Lepri B, Bratti IM. Effects of treatment
latency on response to maintenance treatment in manic-depressive disorders.
Bipolar Disord (2007) 9(4):386–93. doi: 10.1111/j.1399-5618.2007.00385.x

6. Angst J, Gamma A, Benazzi F, Ajdacic V, Eich D, Rossler W. Toward a re-
definition of subthreshold bipolarity: epidemiology and proposed criteria for
bipolar-II, minor bipolar disorders and hypomania. J Affect Disord (2003) 73
(1-2):133–46. doi: 10.1016/S0165-0327(02)00322-1

7. O’Donovan C, Garnham JS, Hajek T, Alda M. Antidepressant monotherapy
in pre-bipolar depression; predictive value and inherent risk. J Affect Disord
(2008) 107(1-3):293–8. doi: 10.1016/j.jad.2007.08.003

8. Marangell LB, Dennehy EB, Miyahara S, Wisniewski SR, Bauer MS, Rapaport
MH, et al. The functional impact of subsyndromal depressive symptoms in
bipolar disorder: Data from STEP-BD. J Affect Disord (2009) 114(1-3):58–67.
doi: 10.1016/j.jad.2008.07.006

9. McGuffin P, Rijsdijk F, Andrew M, Sham P, Katz R, Cardno A. The
Heritability of Bipolar Affective Disorder and the Genetic Relationship to
Unipolar Depression. Arch Gen Psychiatry (2003) 60(5):497–502. doi: 10.1001/
archpsyc.60.5.497

10. Ward J, Strawbridge RJ, Bailey MES, Graham N, Ferguson A, Lyall DM, et al.
Genome-wide analysis in UK Biobank identifies four loci associated with
mood instability and genetic correlation with major depressive disorder,
anxiety disorder and schizophrenia. Trans Psychiatry (2017) 7(11):1264.
doi: 10.1038/s41398-017-0012-7

11. Merikangas KR, Jin R, He J-P, Kessler RC, Lee S, Sampson NA, et al.
Prevalence and Correlates of Bipolar Spectrum Disorder in the World
Mental Health Survey Initiative. Arch Gen Psychiatry (2011) 68(3):241–51.
doi: 10.1001/archgenpsychiatry.2011.12

12. Coleman JRI, Gaspar HA, Bryois J, Bipolar Disorder Working Group of the
Psychiatric Genomics C, Major Depressive Disorder Working Group of the
Psychiatric Genomics C, Breen G. The Genetics of the Mood Disorder
Spectrum: Genome-wide Association Analyses of More Than 185,000 Cases
and 439,000 Controls. Biol Psychiatry (2019) 88(2):169–84. doi: 10.1016/
j.biopsych.2019.10.015

13. Stahl EA, Breen G, Forstner AJ, McQuillin A, Ripke S, Trubetskoy V, et al.
Genome-wide association study identifies 30 loci associated with bipolar
disorder. Nat Genet (2019) 51(5):793–803. doi: 10.1038/s41588-019-0397-8

14. Hoffmann A, Sportelli V, Ziller M, Spengler D. Epigenomics of Major
Depressive Disorders and Schizophrenia: Early Life Decides. Int J Mol Sci
(2017) 18(8):1711. doi: 10.3390/ijms18081711

15. Ludwig B, Dwivedi Y. Dissecting bipolar disorder complexity through
epigenomic approach. Mol Psychiatry (2016) 21(11):1490–8. doi: 10.1038/
mp.2016.123

16. Misiak B, Stramecki F, Gawęda Ł, Prochwicz K, Sąsiadek MM, Moustafa AA,
et al. Interactions Between Variation in Candidate Genes and Environmental
Factors in the Etiology of Schizophrenia and Bipolar Disorder: a Systematic
Review.Mol Neurobiol (2017) 55(6):5075–100. doi: 10.1007/s12035-017-0708-y

17. Uher R. The implications of gene–environment interactions in depression:
will cause inform cure? Mol Psychiatry (2008) 13(12):1070–8. doi: 10.1038/
mp.2008.92
August 2020 | Volume 11 | Article 757

https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00757/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00757/full#supplementary-material
https://doi.org/10.1016/j.jad.2007.08.007
https://doi.org/10.4088/JCP.17m11765
https://doi.org/10.1176/appi.ajp.2014.13111501
https://doi.org/10.1176/appi.ajp.2014.13111501
https://doi.org/10.4088/JCP.v64n0111
https://doi.org/10.1111/j.1399-5618.2007.00385.x
https://doi.org/10.1016/S0165-0327(02)00322-1
https://doi.org/10.1016/j.jad.2007.08.003
https://doi.org/10.1016/j.jad.2008.07.006
https://doi.org/10.1001/archpsyc.60.5.497
https://doi.org/10.1001/archpsyc.60.5.497
https://doi.org/10.1038/s41398-017-0012-7
https://doi.org/10.1001/archgenpsychiatry.2011.12
https://doi.org/10.1016/j.biopsych.2019.10.015
https://doi.org/10.1016/j.biopsych.2019.10.015
https://doi.org/10.1038/s41588-019-0397-8
https://doi.org/10.3390/ijms18081711
https://doi.org/10.1038/mp.2016.123
https://doi.org/10.1038/mp.2016.123
https://doi.org/10.1007/s12035-017-0708-y
https://doi.org/10.1038/mp.2008.92
https://doi.org/10.1038/mp.2008.92
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Chen et al. miR-19b-3p as a Biomarker of Bipolar Depression
18. Lagos-Quintana M RR, Lendeckel W, Tuschl T. Identifications of novel genes
coding for small expressed RNAs. Science (2001) 294:853–8. doi: 10.1126/
science.1064921

19. Im H-I, Kenny PJ. MicroRNAs in neuronal function and dysfunction. Trends
Neurosci (2012) 35(5):325–34. doi: 10.1016/j.tins.2012.01.004

20. Thomas KT, Gross C, Bassell GJ. microRNAs Sculpt Neuronal
Communication in a Tight Balance That Is Lost in Neurological Disease.
Front Mol Neurosci (2018) 11:455. doi: 10.3389/fnmol.2018.00455

21. Zhao X, Jin Y, Li H, Jia Y, Wang Y. Sevoflurane impairs learning and memory
of the developing brain through post-transcriptional inhibition of CCNA2 via
microRNA-19-3p. Aging (Albany NY) (2018) 10(12):3794–805. doi: 10.18632/
aging.101673

22. Smalheiser NR, Lugli G, Zhang H, Rizavi H, Cook EH, Dwivedi Y.
Expression of microRNAs and Other Small RNAs in Prefrontal Cortex in
Schizophrenia, Bipolar Disorder and Depressed Subjects. PloS One (2014) 9
(1):e86469. doi: 10.1371/journal.pone.0086469

23. Lopez JP, Lim R, Cruceanu C, Crapper L, Fasano C, Labonte B, et al. miR-1202
is a primate-specific and brain-enriched microRNA involved in major
depression and antidepressant treatment. Nat Med (2014) 20(7):764–8.
doi: 10.1038/nm.3582

24. Kolshus E, Ryan KM, Blackshields G, Smyth P, Sheils O, McLoughlin DM.
Peripheral blood microRNA andVEGFAmRNA changes following
electroconvulsive therapy: implications for psychotic depression. Acta
Psychiatric Scand (2017) 136(6):594–606. doi: 10.1111/acps.12821

25. Walker RM, Rybka J, Anderson SM, Torrance HS, Boxall R, Sussmann JE,
et al. Preliminary investigation of miRNA expression in individuals at high
familial risk of bipolar disorder. J Psychiatr Res (2015) 62:48–55. doi: 10.1016/
j.jpsychires.2015.01.006

26. Maffioletti E, Cattaneo A, Rosso G, Maina G, Maj C, Gennarelli M, et al.
Peripheral whole blood microRNA alterations in major depression and bipolar
disorder. J Affect Disord (2016) 200:250–8. doi: 10.1016/j.jad.2016.04.021

27. Kessler RC, McLaughlin KA, Green JG, Gruber MJ, Sampson NA, Zaslavsky
AM, et al. Childhood adversities and adult psychopathology in the WHO
World Mental Health Surveys. Br J Psychiatry (2010) 197:378–85. doi: 10.1192/
bjp.bp.110.080499

28. Aas M, Henry C, Andreassen OA, Bellivier F, Melle I, Etain B. The role of
childhood trauma in bipolar disorders. Int J Bipolar Disord (2016) 4(1):1–10.
doi: 10.1186/s40345-015-0042-0

29. Wise LA, Zierler S, Krieger N, Harlow BL. Adult onset of major depressive
disorder in relation to early life violent victimisation: a case-control study.
Lancet (2001) 358:881–7. doi: 10.1016/S0140-6736(01)06072-X

30. Chen Y, Baram TZ. Toward Understanding How Early-Life Stress Reprograms
Cognitive and Emotional Brain Networks. Neuropsychopharmacology (2016) 41
(1):197–206. doi: 10.1038/npp.2015.181

31. Coelho R, Viola TW, Walss-Bass C, Brietzke E, Grassi-Oliveira R. Childhood
maltreatment and inflammatory markers: a systematic review. Acta
Psychiatric Scand (2014) 129(3):180–92. doi: 10.1111/acps.12217

32. Brenhouse HC, Danese A, Grassi-Oliveira R. Neuroimmune Impacts of Early-
Life Stress on Development and Psychopathology. Curr Top Behav Neurosci
(2019) 43:423–47. doi: 10.1007/7854_2018_53

33. Hennessy MB, Deak T, Schiml-Webb PA. Early attachment-figure separation
and increased risk for later depression: Potential mediation by
proinflammatory processes. Neurosci Biobehav Rev (2010) 34(6):782–90.
doi: 10.1016/j.neubiorev.2009.03.012

34. Benedetti F, Aggio V, Pratesi ML, Greco G, Furlan R. Neuroinflammation in
Bipolar Depression. Front Psychiatry (2020) 11:71. doi: 10.3389/
fpsyt.2020.00071

35. Hollins SL, Cairns MJ. MicroRNA: Small RNA mediators of the brains
genomic response to environmental stress. Prog Neurobiol (2016) 143:61–
81. doi: 10.1016/j.pneurobio.2016.06.005

36. Bernstein DP, Fink L, Handeisman L, Foote J, Lovejoy M, Wenzel K, et al.
Initial-Reliability and Validity of a New Retrospective Measure of Child Abuse
and Neglect. Am J Psychiatry (1994) 151:1132–6. doi: 10.1176/ajp.151.8.1132

37. Meyer TD, Bernhard B, Born C, Fuhr K, Gerber S, Schaerer L, et al. The
Hypomania Checklist-32 and the Mood Disorder Questionnaire as screening
tools — going beyond samples of purely mood-disordered patients. J Affect
Disord (2011) 128(3):291–8. doi: 10.1016/j.jad.2010.07.003
Frontiers in Psychiatry | www.frontiersin.org 1193
38. Lecrubier Y, Sheehan D, Hergueta T, Weiller E. The mini international
neuropsychiatric interview. Eur Psychiatry (1998) 13(S4):198S–S. doi: 10.1016/
s0924-9338(99)80239-9

39. Zhu C, Ren C, Han J, Ding Y, Du J, Dai N, et al. A five-microRNA panel in
plasma was identified as potential biomarker for early detection of gastric
cancer. Br J Cancer (2014) 110(9):2291–9. doi: 10.1038/bjc.2014.119

40. Mogilyansky E, Rigoutsos I. ThemiR-17/92 cluster: a comprehensive update on its
genomics, genetics, functions and increasingly important and numerous roles in
health and disease. Cell Death Diff (2013) 20:1603–14. doi: 10.1038/cdd.2013.125

41. Singh PB, Pua HH, Happ HC, Schneider C, von Moltke J, Locksley RM, et al.
MicroRNA regulation of type 2 innate lymphoid cell homeostasis and
function in allergic inflammation. J Exp Med (2017) 214(12):3627–43.
doi: 10.1084/jem.20170545

42. Gantier MP, Stunden HJ, McCoy CE, Behlke MA,Wang D, Kaparakis-Liaskos
M, et al. A miR-19 regulon that controls NF-kappaB signaling. Nucleic Acids
Res (2012) 40(16):8048–58. doi: 10.1093/nar/gks521

43. Duan L, Duan D, Wei W, Sun Z, Xu H, Guo L, et al. MiR-19b-3p attenuates
IL-1beta induced extracellular matrix degradation and inflammatory injury in
chondrocytes by targeting GRK6. Mol Cell Biochem (2019) 459(1-2):205–14.
doi: 10.1007/s11010-019-03563-2

44. Huang T, Yin L, Wu J, Gu J-J, Wu J-Z, Chen D, et al. MicroRNA-19b-3p
regulates nasopharyngeal carcinoma radiosensitivity by targeting TNFAIP3/
NF-kB axis. J Exp Clin Cancer Res (2016) 35(1):188–201. doi: 10.1186/s13046-
016-0465-1

45. Ashraf U, Zhu B, Ye J, Wan S, Nie Y, Chen Z, et al. MicroRNA-19b-3p
Modulates Japanese Encephalitis Virus-Mediated Inflammation via Targeting
RNF11. J Virol (2016) 90(9):4780–95. doi: 10.1128/jvi.02586-15

46. Dwivedi Y, Roy B, Lugli G, Rizavi H, Zhang H, Smalheiser NR. Chronic
corticosterone-mediated dysregulation of microRNA network in prefrontal
cortex of rats: relevance to depression pathophysiology. Trans Psychiatry
(2015) 5(11):e682–2. doi: 10.1038/tp.2015.175

47. Hoseth EZ, Krull F, Dieset I, Morch RH, Hope S, Gardsjord ES, et al.
Exploring the Wnt signaling pathway in schizophrenia and bipolar
disorder. Transl Psychiatry (2018) 8(1):55. doi: 10.1038/s41398-018-0102-1

48. Muneer A. Wnt and GSK3 Signaling Pathways in Bipolar Disorder: Clinical
and Therapeutic Implications. Clin Psychopharmacol Neurosci (2017) 15
(2):100–14. doi: 10.9758/cpn.2017.15.2.100
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