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Abstract
Purpose of Review This article reviews the relationship of the microbiome, the gut-brain axis, and depression. It also will review
factors which can influence this relationship, such as chronic stress, medications, and the Western diet typically consumed by
adolescents.
Recent Findings Changes in the gut microbiome increase the release of microbial lipopolysaccharides (LPS) which activate a gut
inflammatory response. Gut pro-inflammatory cytokines stimulate the afferent vagal nerve which in turn impacts the
hypothalamic-pituitary-adrenal (HPA) axis inducing symptoms associated with depression. Recent research suggests that gut
inflammation can induce neuroinflammation which, in turn, stimulates microglia activation and the kynurenine pathway and can
activate systemic inflammation-inducing depressive symptoms.
Summary Promoting a healthy diet and lifestyle changes, limiting exposure to pesticides, limiting medications that affect the
microbiome and the use of such things pre/probiotics and other interventions may complement existing efforts to curb the rise in
depression. Alternative and complementary therapies may serve as effective treatments in adolescents with depression.
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Introduction

There has been an increasing rise in the incidence of depres-
sion in adolescents, by as much as 33% [1, 2]. This has coin-
cided with a ninefold increase in the likelihood of suicidal
ideation in adolescents [3]. The increase in suicide rates, es-
pecially among females, has increased by 65% since 2010 [1].
This alarming rise in depression and suicidality has highlight-
ed the limits of available treatments. Several meta-analyses
have shown that most antidepressants do not offer clear ad-
vantages over placebo for children and adolescents, with the
exception of fluoxetine and escitalopram for depression in
youth [4, 5].

Drastic lifestyle and cultural changes have likely contribut-
ed to the rise in the incidence of depression and suicidality. For

instance, both cross-sectional and longitudinal studies have
found an association between the use of social media and
depressive symptoms. Self-reported daily use of video games
and internet exceeding 5 h was strongly associated with higher
levels of depression and suicidality (ideation and attempts) in
adolescents [6]. Increasing use of electronics has led to an
increase in sedentary lifestyle and decreases in exercise, both
associated with depression [7]. The internet has been used as
another avenue for bullying. In one study, bullying which
began at age 8 was associated with an increased later risk for
suicide attempts and completed suicides [8]. In adolescents
experiencing increased stress, there is emerging evidence that
changes in the microbiome in the gut may increase the risk or
severity of depression [9, 10]. Changes in the microbiome
contribute to the production of pro-inflammatory cytokines
that have been associated with psychiatric disorders [11–13].

In addition, other factors can change the balance of mi-
crobes in the gut (dysbiosis) leading to an increase in pro-
inflammatory cytokines [14] and treatment-resistant depres-
sion [15]. The change in the American diet to processed foods,
increases in sugar and sedentary lifestyle found in modern
American adolescents, has been associated with weight gain,
and obesity has been associated with a higher incidence of

This article is part of the Topical Collection on Child and Adolescent
Disorders

* Deborah R. Simkin
deb62288@aol.com

1 Department of Psychiatry, Emory School of Medicine, 4641
Gulfstarr Dr., Suite 106, Destin, FL 32541, USA

Current Psychiatry Reports (2019) 21: 93
https://doi.org/10.1007/s11920-019-1075-3

http://crossmark.crossref.org/dialog/?doi=10.1007/s11920-019-1075-3&domain=pdf
mailto:deb62288@aol.com


depression [16]. The relationship between obesity, inflamma-
tion in the gut, and the risk for depression is now receiving
considerable attention. One study found that adolescents who
were depressed had a 70% increased risk of being obese and
obese adolescents had a 40% increased risk of being de-
pressed [17]. An increase in the consumption of sugary soft
drinks was significantly associated with greater weight gain
and greater risk of obesity over time in children [18] and a 25-
week randomized control trial (RCT) in adolescents found that
a reduction in the intake of sugar-sweetened beverages had a
beneficial effect on body weight that was strongly associated
with baseline body mass index (BMI) [19]. One randomized
controlled trial of a 12-week adjunctive dietary intervention
for moderate to severe depression in adults demonstrated that
dietary improvement may provide an efficacious and accessi-
ble treatment for depression [20].

This article will first review existing literature on signifi-
cant changes in biological systems that can increase the risk of
depression and then discuss alternative approaches that could
prove to be effective and/or complementary interventions that
are new on the horizon and may potentially reduce the risk for
depression.

The Gut-Brain Axis

A number of groundbreaking articles have been written about
the gut-brain axis which document the link between the pro-
duction of pro-inflammatory cytokines in the gut, stimulation
of the vagal nerve, and subsequent effects on the
hypothalamic-pituitary axis (HPA) and inflammation in the
brain that leads to psychiatric symptoms associated with de-
pression [21••, 22••, 23••]. The changes in the normal popu-
lation of microbes in the gut (dysbiosis) have been associated
with many of the symptoms of depression [23••].

Seventy percent of microbes in the body are found in the
human gut [24] and these bacteria contain 100 times the num-
ber of genes of the human genome [25]. The gut microbiota
shapes intestinal immune responses during health and disease.
As noted by Blaser in his seminal paper, “The Microbiome
Revolution,” “It is reasonable to propose that the composition
of the microbiome and its activities are involved inmost, if not
all, of the biological processes that constitute human health
and disease” [26].

Gut-Brain Axis and Stress

Stress decreases Lactobacillus and Bifidobacterium and in-
creases gram-negative bacteria leading to increases in lipo-
polysaccharides (LPS) [26]. LPS is recognized by Toll-like
receptors on phagocytes and dendrites as foreign. These for-
eign antigens are presented to T lymphocytes, stimulating the

differentiation of T lymphocytes to Th 1 and Th 2 helper cells
and the subsequent transcription of TNF kappa beta ( β) to
produce IL-β, IL-6, and TNF-α, all of which are pro-
inflammatory (see Fig. 1). Not only will this stimulate the
vagal nerve, but TNF-α also compromises mucosal integrity
by promoting disintegration of tight junction proteins, like
occludin, in the gut wall. Moreover, dysbiosis causes the dis-
ruption in short-chain fatty acids (SCFA), like butyrate, ace-
tate, and propionate (neurohormonal-signaling molecules),
which maintains gut integrity by maintaining tight junction
proteins like occluding [9, 23••], hence the reason for the
use of the term “leaky gut.”

The afferent loop of the vagal nerve is activated by the
release of pro-inflammatory cytokines like tumor necrosis fac-
tor (TNF alpha), (IL)-1, and IL-6. The stimulation of the af-
ferent nerve activates the HPA axis and corticotropin-releasing
factor (CRF) is released. CRF stimulates the pituitary to re-
lease adrenocorticotropic hormone (ACTH). ACTH stimu-
lates the adrenal gland to produce glucocorticoids and nor-
adrenalin. Normally, once glucocorticoids are given off, a
negative feedback loop occurs at the glucocorticoid receptors
in the HPA and the HPA normalizes. In addition, the afferent
loop of the vagal nerve stimulates the efferent vagal nerve.
This increases acetylcholine (Ach) in the gut muscularis
which stimulates the alpha 7 nicotinic Ach receptors of mac-
rophages to decrease the release of IL-I β, IL-18, and LPS.
Thus, the feedback loop helps normalize the changes in the
gut that initiated the inflammatory process [27••].

During chronic stress, the normal negative feedback loop
becomes impaired. Circulating pro-inflammatory cytokines
blocks the glucocorticoid receptor causing the HPA axis to
become resistant to glucocorticoid stimulation [27••]. The re-
lease of CRF from the hypothalamus is further potentiated by
the circulating pro-inflammatory cytokines resulting in

Fig. 1 LPS presents as an antigen on the major histocompatibility
complex (MHC) to the Toll-like receptor of a T cell and the T cell
differentiates to produce pro-inflammatory cytokines
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sustained CRF activity. Hence, the HPA becomes hyperactive,
a common finding in patients with depression. In addition, the
release of CRF activates CRF 1 and CRF 2 receptors which
activate mast cells to release TNF-α and proteases further
increasing intestinal permeability. This process can be re-
versed using a CRF 1 and 2 receptor antagonist Astressin B
and the mast cell stabilizer sodium cromolyn. Furthermore,
anti-TNF-α-neutralizing antibody, protease inhibitors, and
the neural blocker tetrodotoxin inhibited CRF-mediated intes-
tinal barrier dysfunction in pigs [28]. The development of a
CRF 1 antagonist is now being studied as a possible interven-
tion for depression [29]. A systematic review of preclinical
studies, examining the effects of probiotics on depressive
symptoms, found that consumption of probiotics prevented
stress-induced increases in ACTH, corticosterone, adrenaline,
and noradrenaline suggesting attenuation of the HPA axis and
subsequent decrease of depressive symptoms. [30]. Hence,
there may be other adjunctive interventions that address the
inflammation associated with depression.

A meta-analysis has also shown elevated levels of C-
react ive pro te in (CRP), in ter leukin-1(IL-1) , and
interleukin-6 (IL-6) in a study of depression in adult clinical
and community samples [11]. Significantly higher levels of
tumor necrosis factor-a (TNF-α) and IL-6have been found in
depressed patients as compared to controls [10] and blood
levels of soluble interleukin-2 receptors, TNF-α, and IL-6
were higher in patients with major depressive disorder than
in controls [31]. A recent study revealed that cerebral spinal
fluid (CSF) CRP levels correlated with plasma CRF levels
and these higher levels found in unmedicated depressed pa-
tients also correlatedwithCSFandplasmaTNFalpha and IL-
6 levels. Of note, the TNF levels correlated with decreased
motivation and IL-6 levels correlated with anhedonia found
in depression [32]. A similar study found that cytokineswere
associated with anhedonia in adolescents [33]. In addition,
increased CRP has been associated with decreased connec-
tivity between the ventral striatum and the ventromedial pre-
frontal cortex (vmPFC), which correlated with increased an-
hedonia and increased CRP predicted decreased dorsal stri-
atum to vmPFC and pre-supplementary motor area connec-
tivity. These findings correlated with decreased motor speed
and increased psychomotor slowing. Finally, connectivity
between the striatum and vmPFC was associated with in-
creased plasma IL-6 and IL-1 beta. In addition, this study
demonstrated that inflammation is associatedwith decreased
functional connectivity within the corticostriatal reward cir-
cuitry in depression [34]. In conclusion, certain cytokines
may be associated with specific symptoms of depression.
High levels of cytokines, specifically IL-6, TNF-α, and
CRP, have been found in depression [35]. A 2013 review
summarizes several preclinical and clinical studies showing
that microbiota stimulates immune challenges that influence
anxiety and depressive-like behaviors [36].

The Role of the Vagal Nerve, Cytokines,
and Stress on “Sickness Behavior”
and Indoleamine 2,3-Dioxygenase
in Depression

“Sickness behavior” (fatigue, decreased motivation, anhedonia,
cognitive impairment, and sleep disruption) is associatedwith the
activation of microglia in the brain. Microglia normally help in
the pruning process in the brain. They can be activated by cyto-
kines produced bymacrophages andmonocytes that cross blood-
brain barrier, the afferent vagal nerve, increased levels of gluta-
mate following acute stress exposure [37•] and increased LPS in
the gut [38]. In turn, excess stimulation of microglia can lead to
excess cytokines (IL-beta and TNF alpha) and Toll-like receptors
(TLR4, TLR2, NLRP3, and P2XR7) which all lead to impaired
synaptic plasticity. The result is neuronal dysfunction and mental
health disorders with neurovegetative symptoms similar to de-
pression [39].

Depressive states during inflammatory somatic disorders
are also associated with increased pro-inflammatory cytokines
and activation of indoleamine 2,3-dioxygenase (IDO).
Activation of IDO and its subsequent enzyme kynurenine
monooxygenase by pro-inflammatory cytokines diverts tryp-
tophan from the production of serotonin towards the produc-
tion kynurenine and the subsequent production of quinolinic
acid, a strong agonist of the glutamatergic N-methyl-D-aspar-
tate receptor [40•]. The disruption of the IDO pathway by
inflammation has been linked to depression. Activation of
IDO, as measured by the kynurenine to tryptophan (K/T) ra-
tio, is associated with the severity of depressive symptoms.
Higher K/T ratios were associated with a more severe depres-
sion [41•].

Hence, depression or depressive-type symptoms that occur
when the normal microbial population is changed in the gut
may not only be directly related to the effect of cytokines on
the normal feedback loop of the vagal nerve but also may be
influenced by inflammatory cytokines and their effect on mi-
croglia and the IDO pathway during stress (see Fig. 2).

Other Factors Associated with Changes
in the Microbes in the Gut That Lead
to Depression

Antibiotics and other medications, processed foods, sugar,
glyphosate, pesticides, inflammatory bowel disease, and, as
noted, obesity can also contribute to changes in microbes in
the gut leading to depression.

Obesity, Diet, and Depression

Obesity is an increasing problem among American youth. The
relationship between obesity, diet, and subsequent
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inflammation in the gut and the risk for depression is now
receiving considerable attention. There are a number of rea-
sons for increased obesity and depression in adolescents, es-
pecially in females [15]. One study demonstrated that expo-
sure to sexual and physical abuse during childhood increases
the risk of severe obesity later in life [42]. In a meta-analysis,
26 studies that evaluated groups of ultra-processed foods
(such as snacks, fast foods, junk foods, and convenience
foods) or specific ultra-processed foods (soft drinks/
sweetened beverages, sweets, chocolate, and ready-to-eat ce-
reals) were selected. The results showed that most studies
have found positive associations between consumption of
ultra-processed food and body fat during childhood and ado-
lescence [43].

High-fat fast food and processed food increase intes-
tinal permeability and depression symptoms by causing
dysbiosis [44]. Increases in fatty foods increase LPS
across the gut wall [45] and increases in Toll-like re-
ceptors (TLR) that increase TNF alpha, IL-6, and other
pro-inflammatory cytokines [46], all linked to an in-
creased risk of depression. All of these factors contrib-
ute to the link between “leaky gut” and depression.

In addition, processed food and subsequent weight gain can
also cause insulin resistance by signaling pro-inflammatory
cytokines from adipose tissue [47]. Insulin resistance leads
to carbohydrate craving, complicating the problems with obe-
sity and may lead to diabetes. Depression has been found to be
as twice as frequent in people with diabetes compared with
those without diabetes [48]. One explanation for this may
revolve around SCFAs. A decrease in the production of
SCFA can affect satiety and can influence the development
of obesity. SCFAs activate glucagon-like peptide 1 (GLP1)
and peptide yy (PYY) in intestinal enteroendocrine L cells in

the ileum and colon. PYY reduces appetite by acting on neu-
ropeptide Y (NPY) and GLP1 decreases appetite and stimu-
lates insulin secretion [49, 50]. Therefore, lower levels of
SCFAs ultimately prevent appetite suppression and carbohy-
drate craving may occur. In addition, other factors can influ-
ence craving. Chronic ingestion of a high-fat diet and sugar
interferes with leptin and insulin signaling in the brain.
Decreases in leptin can increase hunger which may lead to
obesity, insulin resistance, and ultimately depression [51].

Addressing lifestyle adjunctive interventions that can
lead to a healthier gut and a decrease in inflammation
may decrease symptoms of depression and improve re-
sponse to antidepressants. Other interventions that de-
crease inflammation may also be helpful. For instance,
new research has shown that patients with treatment-
resistant depression and inflammation may be identified
by an increase in high-sensitivity C-reactive protein (hs
CRP). Treatment of patients with a tumor necrosis factor
(TNF) antagonist, infliximab, experienced a greater than
50% improvement in the Hamilton Scale for Depression
(HAM-D) in 62% of treatment-resistant patients with de-
pression as compared to a 33% in the placebo-treated
group [52]. TNF alpha is a cytokine that has not only been
implicated in treatment-resistant depression [53], which is
produced when LPS increases, [10] but it plays a role in
stimulating the vagal nerve when changes in the gut occur
secondary to decreases in normal microbiome diversity
[21••, 22••, 23••].

The link between the American diet and obesity is
clearly linked to risk for depression and later diabetes.
These factors require that we as clinicians look at the
diet in our patients with depression, especially if it is
refractory. Changes in diet may be important early inter-
ventions to reduce the risk of developing depression.

Sugar and Artificial Sweeteners

Sugar (including fructose) is an integral part of the adoles-
cent experience. The recommended amount of sugar a per-
son should eat per day by the American Heart Association
is 5–8 g. Most Americans eat about 41 g per day. Eating
too much sugar can cause an imbalance in the normal bac-
teria to yeast ratio (80%/20%) in the gut. Dysbiosis occurs
and toxins given off by these yeasts can enter the blood-
stream and cause inflammation and stimulate the vagal
nerve.

Another complicating factor is that adolescents have
resorted to using artificial sweeteners to reduce obesity.
However, these have been linked to glucose intolerance [11,
54] and raise blood sugar by perhaps favoring the growth of
bacteria that are associated with obesity-like Bacteroidetes
and Firmicutes [55].

1.   HPA axis upregulated due to glucocor�coid resistance by proinflammatory enzymes
2.   Microglia overs�mulated to produce “sickness” behavior
3.   IDO pathway induced

Vagal nerve to brain
Dysbiosis of gut produces LPS from gram-nega�ve bacteria

LPS in gut binds to Toll Like receptor

Dendri�c Cell presents an�gen and B7

Signal induc�on (T cell induced)

Transcrip�on TNF ҡβ produces cytokines IL-6 and TNF α which breaks �ght junc�ons in gut wall

UUUUUUUUUU    U    UU      UU UUUUUUUUUUUUUUUUUUUUUUUU  ( gut wall)

IL-6 and TNF α s�mulates vagal nerve which s�mulates the HPA axis, IDO pathway and microglia

Fig. 2 Dysbiosis releases LPS form gram-bacteria to start a cascade of
processes that leads to “leaky gut.” Inflammatory cytokines stimulate the
vagal nerve and cause compromise of the blood-brain barrier to cause
inflammation in the brain. The vagal nerve then stimulates the HPA axis
to cause glucocorticoid resistance and over-reactivity found in
depression. The vagal nerve and inflammation result in the
overstimulation of microglia associated with symptoms associated with
depression called “sickness behavior.” The inflammation in the brain also
activates the IDO pathway decreasing the kynurenine to tryptophan (K/T)
ratio associated with depression
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Alcohol

Experimentation with alcohol often occurs during adoles-
cence. Emerging data suggests that alcohol-induced alter-
ations of the microbiota may explain reward-seeking be-
haviors as well as anxiety, depression, and craving in
withdrawal and increase the risk of developing psychiatric
disorders [56]. One study demonstrated that some alcohol-
dependent subjects developed gut “leakiness,” which was
associated with higher scores of depression, anxiety, and
alcohol craving after 3 weeks of abstinence. Moreover,
subjects with increased gut permeability also had altered
composition and activity of the gut microbiota [57], sug-
gesting that addressing gut microbiota may be relevant in
alcohol-dependent youth.

Sedentary Lifestyle and Lack of Sleep

A sedentary lifestyle has also been shown to lead to obesity
[58] and lack of sleep can also contribute to obesity because
sleep decreases glucose tolerance, decreases insulin sensitivi-
ty, increases ghrelin, and decreases leptin. The latter 2 in-
creases appetite [47, 59]. Adolescent lifestyle changes with
less exercise and sleep can become a troublesome component
of increasing obesity, disrupting the gut, and increasing the
risk for developing depression.

Inflammatory Bowel Disease

Adolescents with IBS may have an increased risk of depres-
sion [60]. Non-celiac gluten sensitivity (NCGS) has been as-
sociated with dysbiosis which may in turn causes gut inflam-
mation, diarrhea, constipation, visceral hypersensitivity, ab-
dominal pain, dysfunctional metabolic state, and peripheral
immune and neuro-immune communication [61]. Whether
NCGS is associated with depression remains to be deter-
mined. In regard to the association of gluten with other psy-
chiatric disorders, there have been two case reports of hallu-
cinations produced in children that disappeared once gluten
was eliminated [62, 63].

Pesticides

Pesticides, insecticides, and herbicides are potent toxins, some
with antibiotic activity. In a recent review of pesticides, de-
pression, and suicide, a total of 11 studies on depression and
14 studies on suicide were reviewed. Of these reports, 4 re-
ports found increased rates of suicide in areas with intensive
pesticide use compared with those with lower use. Agriculture
workers had higher risks for suicide compared with other
workers in 4 studies. Thus, the evidence of associations be-
tween pesticide exposure and depression or suicide has been
demonstrated in some populations. However, the available

studies used varied epidemiological approaches. Existing data
is very limited and inconclusive [64]. For those affected by
exposure, the risk for mental health sequelae from pesticides
may be increased in carriers of genetic variants associated
with reduced metabolism due to variations of expression of
the cytochrome p450 enzyme 2D6 (the enzyme responsible
for metabolizing pesticides). Slow metabolizers have been
found to have higher levels of pesticides with evidence of
oxidative stress and glutathione depletion [65•, 66•].

New research is beginning to investigate the link be-
tween the use of a widely used herbicide and “leaky gut.”
This herbicide, which carries antibiotic activity, contains a
substance known as glyphosate which prevents the con-
version of fructose in wheat to phosphoenolpyruvate
(PEP). PEP is converted into amino acids and neurotrans-
mitters in the gut. This is known as the Shikimate process.
The antibiotic effect kills normal gut microbes, particular-
ly Bifidobacterium which is essential to the gut and
breaking down wheat. Glyphosate also depletes methio-
nine needed for the methylation of DNA and production
of neurotransmitters and acts as a chelating agent to re-
duce minerals and downregulates the ability to use vita-
min D. More research is needed to investigate whether the
use of pesticides with glyphosate on foods, such as wheat,
disrupts normal bacterial gut composition, contributing to
the development of depression [67].

Oxidative Stress and Inflammation

TNF alpha and inflammation in the gut increase oxidative
stress which produces reactive oxygen species (ROS).
When mitochondria, which can normally neutralize ROS
[68], become overwhelmed with increases in ROS (often
seen in traumatic brain injury), damage to the mitochon-
dria electron transport system occurs and this process has
also been associated with depression and bipolar [69].
Reduced glutathione (GSH) is sacrificed by glutathione
peroxidase to the oxidized disulfide form (GSSH) to neu-
tralize ROS. During active mania, glutathione, an antiox-
idant, is decreased and lipid peroxidation increases
(forming more ROS) [70]. This decrease in glutathione
may be a compensatory effect towards increased oxidized
stress during mania. In fact, in a DBPCT using 2000-mg
N-acetylcysteine (NAC) in bipolar patients, there were
large decreases in depressive symptoms as compared to
a placebo group [71•]. NAC is known to increase gluta-
thione. NAC may be a useful adjunct in patients with
depression. In addition, oxidative stress and glutamate
transmission are disrupted in both depression and canna-
bis use disorder (CUD) and NAC normalizes glutamate
transmission. NAC was effective at promoting abstinence
among adolescents with CUD with heightened baseline
depressive symptoms [72].

Curr Psychiatry Rep (2019) 21: 93 Page 5 of 12 93



Medications

Single short-term antibiotic courses can disrupt the normal gut
flora for months. When given in succession, particularly early
in life, dysbiosis may become irreversible. Of course, in some
of the most striking cases, antibiotic treatment allows the over-
growth of the pathogenic bacteria (e.g., Clostridium difficile),
inducing potentially lethal conditions. However, non-
antibiotic medications can also alter normal gut bacterial com-
position [73]. Antibiotics can change the gut flora but clini-
cians should also be aware that other medications can do the
same. Proton pump inhibitors (PPI) and antipsychotic medi-
cations are associated with a decrease in diversity in the gut
microbiome [74]. In addition, PPI has been linked to a de-
crease in Clotridiales and increase in Actinomycetales,
Micrococcaceae, and Streptococcaceae, which are implicated
in dysbiosis and increased susceptibility to Clostridium
difficile infection. Bahr et al. (2015) demonstrated that shortly
after risperidone use in children, a decreased ratio of
Bacteroidetes: Firmicutes in the gut microbiome was associ-
ated with an increase in body mass index over time, resem-
bling trends seen in obese patients [75]. A possible explana-
tion for the weight gain is that primary bile acids (which are
associated with weight gain) are normally converted into sec-
ondary bile acids by microbes in the gut. Risperidone changes
the gut microbes and thus prevents the conversion of primary
bile acids (known to be associated with weight gain) to sec-
ondary bile acids [76].

Thus, stress inflammatory bowel disease, antibiotics and
other medications, processed foods, sugar, obesity, sedentary
lifestyle, lack of sleep, glyphosate, and other pesticides may
increase the risk for depression in adolescents by causing ox-
idized stress and changes in the normal microbial population
and dysbiosis leading to “leaky gut.” Hence, it is important to
determine if the increase in inflammatory cytokines and oxi-
dative stress may be related to refractory depression. As noted
previously, hs CRP elevation seen when inflammation is pres-
ent and has been associated with treatment-resistant depres-
sion. Further proof of this association has been studied by
Chamberlain et al. (2018) [77]. In this study, elevated hs
CRP was found in treatment-resistant patients with depression
but not in treatment-responsive patients with depression.More
research is needed to determine which interventions can be
used to decrease inflammation and oxidative stress.

The Role of Early Life Experiences That Can
Increase the Risk of Depression in Adolescents
by Causing Dysbiosis

Stressors during pregnancy can not only change microbes in
the gut of the mother but can also increase inflammatory cy-
tokines in the brain of the fetus and these inflammatory

cytokines can persist into adulthood [78]. Furthermore, spe-
cific early life events that may increase the risk for depression
may be associated with the use of antibiotics in the first year of
life [79]. Reduced gut microbial diversity by exposure to an-
tibiotics in early infancy may lead to the production of pro-
inflammatory cytokines by way of dysbiosis. The strength of
these associations increased with the number of antibiotic
courses, and with exposure at younger ages. Also, these asso-
ciations differed by antibiotic class [80]. Recurrent antibiotic
use has also been associated with depression and anxiety [73,
80].

Infants born by C-section may have lower Bifidobacterium
[81] and pre-term infants lack Bifidobacterium and Lactobacillus
[82]. The use of formula [83] and early introduction of solid food
before 6 months of age may increase the risk for obesity [84]. A
formula can increase insulin secretion and decrease leptin (re-
sponsible for fat consumption and controlling appetite) [83].
These factors along with the immaturity of the immune system
and the gastrointestinal barrier may explain the peak prevalence
of food allergies or food sensitivities (intolerance) at an early age
[85] related to dysbiosis. Some evidence suggests that early use
of antibiotics, C-sections, and absence of breastfeeding and the
linkage to food allergies, obesity, and inflammation in the gut
may be indicators of risk for depression in adolescents. Much
more studies are needed.

Emerging literature suggests that early interventions which
may change the course of dysbiosis may be helpful. It is inter-
esting to note a small recently published prospective RCTwhere
75 infants, who were randomized to receive Lactobacillus
rhamnosus or placebo during the first 6 months of life, were
followed up for 13 years. Gut microbiota was assessed at the
age of 3 weeks, 3, 6, 12, 18, 24 months, and 13 years of age.
At the age of 13 years old, ADHD or autism (AS) was diagnosed
in 6/35 (17.1%) children in the placebo and none in the probiotic
group (P = 0.008). The mean (SD) numbers of Bifidobacterium
species bacteria in feces during the first 6 months of life were
higher in the intervention group (9.12 (0.64) vs. 8.26 (1.24) log
cells/g; P = 0.03). While this sample size was very small, these
preliminary data suggest that time-limited probiotic supplemen-
tation early in life may reduce the risk of neuropsychiatric disor-
der development later in adolescence [86•]. In addition,
probiotics fed to infants decreased intestinal permeability asmea-
sured by lactulose/mannitol ratio [87]. Only mannitol should be
able to cross the gut barrier. When lactulose is seen in the urine,
intestinal permeability is thought to be increased [87].

Therefore, taken together, early stressors, formula feeding,
delivery by C-section, early exposure to antibiotics, and early
exposure to processed foods may upset the normal population
of the immature gut leading to “leaky gut” and a greater risk of
developing obesity and depression during adolescence.
Clinicians should include questions about these events during
their developmental histories. Whether the application of
probiotics and a healthy diet can prevent depression remains
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to be seen. Further study is needed to determine if the use of
these interventions should be considered earlier in life to po-
tentially decrease the risk of depression in adolescents.

Application of Interventions
During Adolescence That May Improve
the Gut-Brain Axis and Decrease Depression

Given the role played by the vagal nerve in mediating the
effect of the gut bacteria on the brain, it is quite conceivable
that altering vagal nerve signaling, using vagal nerve stimula-
tion (VNS), could counteract the effects of dysbiosis on the
brain. In fact, during a 5-year open-label prospective study of
patients with refractory depression, VNS was associated with
a higher rate of first-time remission (43.0% vs. 25.7%) for
treatment as usual, a higher cumulative response rate (67.5%
vs. 40.9%), and a higher response rate in people who had not
responded to ECT (59.6% vs. 34.1%). However, vagal nerve
stimulation is somewhat invasive, requiring surgery and the
placement of a device [88].

A meta-analysis and a systemic review of several studies
completed on adults demonstrated that a subgroup analysis of
studies conducted in healthy versus depressed individuals had
significant improvements on the moods of individuals with mild
tomoderate depressive symptoms using probiotics. However, the
studies were limited by the variety of probiotic dosing, bacterial
strains, and strain combinations used [89, 90•].

Several controlled studies have now begun to look at spe-
cific strains of probiotics in an attempt to determine which
may be more effective in decreasing symptoms of depression.
Messaoud and colleagues [91, 92] found probiotic formula-
tions of B. longum and L. helveticus could improve anxiety
and depression in all participants, and also in those who had
lower urinary free cortisol levels at baseline. Steenberger [93]
in a triple blind randomized controlled study demonstrated
participants who received the 4-week multispecies probiotics
intervention showed a significantly reduced overall cognitive
reactivity to sad mood, which was largely accounted for by
reduced rumination and aggressive thoughts as compared to
those participants who received the placebo intervention. In a
DBPCT, Akkesheh and colleagues [94] included 40 patients
with a diagnosis of MDD based on DSM-IV criteria whose
age ranged between 20 and 55 years. Significant beneficial
effects were found on the Beck Depression Inventory, insulin
homeostasis, insulin resistance, hs CRP concentrations, and
glutathione concentrations, following the consumption of
Lactobacillus acidophilus (2 × 10 [9] CFU/g), Lactobacillus
casei (2 × 10 [9] CFU/g), and Bifidobacterium bifidum (2 × 10
[9] CFU/g) for 8 weeks. This latter study is significant because
it measured many factors which were previously discussed
that is associated with depression. Treatment with probiotics
has demonstrated some efficacy in reducing the hyperactivity

of the HPA axis in subgroups of depressed patients [95].
While these preliminary data are promising, more work is
needed to characterize the specific strains, doses, formulation,
and duration of treatment to optimize response which is lack-
ing in these studies.

A recent pilot study has demonstrated that using up to 900
billion CFU twice a day of three strains of Bifidobacterium,
four strains of Lactobacillus, and one strain of Streptococcus
thermophilus for 8 weeks decreased anxiety in autistic chil-
dren and youth and changed the microbes in the gut [96].
Another study correlated an increase in anxiety and aggres-
sion, an increase in stomach problems, and a decrease in ver-
bal ability each time microbes changed in the stool of the
autistic participants [97].

Probiotics have also been shown to have an impact upon
weight gain. In one study, probiotic feeding during the early
years and monitored for 10 years modulated the gut microbi-
ota which in turn restrained excessive weight gain [98].
However, the use of probiotics with prebiotics (a type of fiber
that nourishes healthy probiotics) seems to be even more ben-
eficial. Prebiotics are the nutrition that probiotics thrive on.
Prebiotics can lower LPS, increase SCFAs, and increase sati-
ety peptides (thus decreasing hunger) which decreases meta-
bolic parameters associated with obesity, especially if given
early in life [99]. In addition, the administration of probiotics
(Lactobacilli and Bifidobacterium) as live microorganisms or
fermented products with prebiotics improved the bodyweight,
abdominal fat, and intestinal barrier function [100].

Attention to diet which can improve microbial health in the
gut is very important. Studies of western populations have
shown that depression is higher in low socioeconomic areas
where less probiotics and fermented foods are consumed
[101]. Higher counts of Bifidobacterium species and
Lactobacilli in fecal samples were found in rural Japanese
individuals who maintained traditional high-fiber diets rich
in fermented foods, vegetables, and fish as compared to urban
Canadians who had high levels of Clostridia [102]. As noted,
before, modern diets high in processed foods result in
dysbiosis and high fat and sugar intake increase Bacteroides
which have been associated with the production of LPS and
gut permeability [103]. LPS which has also been shown to
decrease antioxidant status and elevated oxidative stress, as
noted previously, are found in patients with major depression
[104]. Diets which include turmeric, soy, cocoa, green tea
coffee, blueberries, pomegranate, and honey have high phyto-
chemicals that act as antioxidants.

Changing diets to fermented foods (that contain probiotics)
can increase the bioavailability of mood-regulating B vitamins,
magnesium, and zinc. Since inadequate brain magnesium ap-
pears to reduce serotonin levels, and since antidepressants have
been shown to have the action of raising brain magnesium, mag-
nesium deficiency treatment or eating fermented foods that in-
crease magnesium may be beneficial for depression [105]. In

Curr Psychiatry Rep (2019) 21: 93 Page 7 of 12 93



regard to vitamin D3, in currently depressed persons, 25(OH)D
was inversely associated with symptom severity suggesting a
dose-response gradient, and with a risk of having a depressive
disorder at 2-year follow-up [106]. In a meta-analysis by
Swardfagera et al. (2013) [107], 17 studies measured peripheral
blood zinc concentrations in 1643 depressed and 804 control
subjects. Zinc concentrations were approximately −
1.85μmol/L lower in depressed subjects than in control subjects.
Depression was associated with a lower concentration of zinc in
peripheral blood.

Treating individuals with zinc, magnesium, and vitamin D3

deficiency should be considered in depressed youth and blood
levels should be monitored for zinc and magnesium when used.

As noted previously, the effect of pro-inflammatory cy-
tokines on the normal feedback loop of the vagal nerve, the
effect on microglia, and the effect on the IDO pathway
caused by changes in the gut microbes can all lead to the
development of depressive symptoms. Hence, reducing in-
flammation in the brain may reduce the severity of depres-
sion. Omega-3 fatty acids have long been known to increase
anti-inflammatory cytokines. Omega-3 fatty acids have
been correlated with decreases in depression and symptoms
of mania in adolescents [108•]. Studies using omega-3 fatty
acids on youth with depression have been promising. The
OATS (Omega-3 and Therapy Studies) involved a 12-week
RCTon 95 youth from ages 7–14 years of age. Seventy-two
had depression and 23 had bipolar disorder. None had
medication/psychotherapy in previous month except stable
stimulants and sleeping aids. The study compared omega-3
fatty acid supplementation (Ω3), individual family
psychoeducational psychotherapy (IF-PEP), and their com-
bination in youth with subsyndromal bipolar disorders (bi-
polar disorder not otherwise specified [BP-NOS], cyclothy-
mic disorder [CYC]). The combined treatment led to a de-
crease in depressive symptoms in BP-NOS/CYC and en-
dogenously depressed youth, as well as a decrease in behav-
ioral symptoms in depressed children. The omega-3 fatty
acids decreased manic symptoms in BP-NOS/CYC youth
and increased executive function in all youth. Some patients
were on stimulants. Twenty patients, aged 6–17, had a di-
agnosis of bipolar disorder. The dose ranged from 1.3 to
4.3 g ofΩ3 daily, with 85% taking ≥ 2.0 g/day. Manic symp-
toms decreased by 30% in 50% of the youth and by 50% in
35% of youth. Participants with more than 2.0 g/day im-
proved more than those on less than 2 g/day [109•].

Conclusions

There remains clear evidence that some individuals with de-
pression are refractory to medications and other interventions
that are currently used for depression. Although modern life
has in some ways made life more convenient, it may also be a

contributor to increased rates of depression, especially in ad-
olescents. Increasingly, depression is linked to the changes in
modern daily life stressors like chronic bullying, physical and
sexual abuse, obesity, medications, pesticides, lack of sleep,
diet, and sedentary lifestyle which have all been linked to the
production of inflammatory cytokines and dysbiosis.

This review further highlights the biological changes
resulting from perturbations in the gut microbiota including
activation of the HPA axis and cytokine production leading to
inflammation. As presented in this review, a growing body of
evidence supports the important role of the microbiome in
physical and mental health and our potential to develop inter-
ventions that support healthier development.

Early interventions such as the use of probiotics and prebi-
otics, organically grown foods, fermented foods, and omega-3
fatty acids and treating deficiencies of vitamin D, magnesium,
and zinc can be helpful.

This review also highlights the opportunities for the preven-
tion of mental health conditions among youth and that focused
research can allow us to harvest these opportunities. Addressing
the stress of chronic abuse and bullying can be preventive.
Adding interventions like meditation may also be useful, chang-
ing dietary habits during adolescence by eliminating processed
foods, sugar, and artificial sweeteners; increasing exercise; nor-
malizing sleep; and reducing alcohol and internet use.

Although the research is in its infancy, there seems to be
strong evidence that the gut-brain axis may play a crucial role
in the pathogenesis of many psychiatric conditions, including
adolescent depression. Much more research is needed.
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