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Depression is the most common psychiatric disorder that burdens modern
society heavily. Numerous studies have shown that adverse childhood
experiences can increase susceptibility to depression, and depression with
adverse childhood experiences has specific clinical-biological features.
However, the specific neurobiological mechanisms are not yet precise. Recent
studies suggest that the gut microbiota can influence brain function and behavior
associated with depression through the "microbe-gut-brain axis” and that the
composition and function of the gut microbiota are influenced by early stress.
These studies offer a possibility that gut microbiota mediates the relationship
between adverse childhood experiences and depression. However, few studies
directly link adverse childhood experiences, gut microbiota, and depression. This
article reviews recent studies on the relationship among adverse childhood
experiences, gut microbiota, and depression, intending to provide insights for
new research.
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1 Introduction

Depression, also referred to as major depressive disorder (MDD), is one of the most severe
and common psychiatry worldwide (1). It’s characterized by a depressed mood or feeling of
sadness, loss of interest or pleasure, low self-esteem and energy, feeling helpless and hopeless,
non-suicidal self-injury, and even suicide, disrupting daily activity and psychosocial functions
(2). Depression is not only a heavy burden on society and the economy but is also one of the
leading causes of disability (3). According to statistics, there are 280 million people affected by
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depression worldwide (4). However, the specific pathogenesis of
depression is still unclear, and nearly half of the depressed patients
have unsatisfactory treatment outcomes (5). Therefore, it is essential to
explore the pathophysiological mechanisms of depression and discover
new biomarkers and therapeutic targets for better treatment
of depression.

Adverse Childhood Experiences (ACEs), also known as early
life stress (ELS), are a group of stressors that arise from specific
causes before age 18, such as abuse: physical, emotional, or sexual
abuse; neglect: physical or emotional neglect; chronic family
ACEs are
significant predictors of depression (7). Meta-analyses have found

dysfunction; or low socioeconomic status (6).

that childhood neglect and emotional abuse are noteworthy
precursors to adult depression (8). Moreover, ACEs were not only
associated with the severity of depressive symptoms but also with
the chronicity of the depressive course (9). However, the potential
mechanisms underlying the effects of ACEs on the development of
depression have not been clarified.

A growing number of animal experiments and clinical studies
have shown that gut microbiota plays a vital role in the development
of depression. Gut microbes communicate bidirectionally with the
central nervous system via the vagus nerve, the immune-
inflammatory system, bacterial metabolites, neurotransmitters, the
HPA axis, and yet-unknown pathways (6). Rodent models of
depression suggest that gut microbiota is disrupted after
depression (10), consistent with clinical findings in patients with
depression (11). It is believed that the interaction between gut
microbiota and depression is a bidirectional process. On the one
hand, depressed patients exhibit altered gut flora composition (12).
On the other hand, the transplantation of “depressed gut flora”
from depressed patients can lead to anxiety and depression-like
behavior in rodents (13). Recent studies have shown that ACEs can
also alter the composition and function of the gut microbiota (14,
15). The gut microbiota has been demonstrated to mediate the
effects of early life events on adult behavior (16-18). Tan X, et al.
preliminarily addressed that translocation of gut microbiota may be
one of the mechanisms by which early life stress influences the
development of MDD (19). In Recent years, several studies explored
the relationship between ACEs, gut microbiota, and depression
directly in the clinical population (20, 21), indicating that gut
microbiota had a significant mediating effect between ACEs and
depression (21). Moreover, the dysregulation of gut microbiota is
associated with suicidal behavior (20). However, these current
researches were conducted in relatively small sample sizes,
without exploring the specific mechanisms by which gut microbes
influence the development of ACEs-induced depression, and lacked
consideration of influences such as type of ACE, time of ACE onset,
and gender of the subjects. Here, to discuss in further depth the
relationship between ACEs and MDD from the perspective of gut
microbiota, we sorted through the relevant evidence regarding the
relationship between ACEs, gut microbiota, and depression, and
summarized in detail the gut microbes that have been reported to be
disturbed in various ACE- and MDD-related literature at the
phylum, family, and genus levels. Furthermore, we explored the
potential mechanisms underlying the involvement of ACE-induced
gut microbial disturbances in the subsequent MDD episodes from
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the perspectives of immuno-inflammatory and neuroendocrine
pathways, looking forward to providing new insights for
future research.

2 The role of ACEs and gut microbiota
in depression

2.1 ACEs are susceptible factors for
developing depression

Clinical studies have shown that ACEs are strongly associated
with depression. The correlation between ACEs and depressive
episodes is significantly higher than the correlation between recent
stressful events and depression (19). Meta-analyses showed that
ACEs could dramatically increase the risk of depression in minors
and were relevant to the type of ACEs, with sexual abuse, physical
abuse, death of family members, domestic violence, and emotional
abuse significantly correlated with an elevated risk of depression by
age 18 (8). The adverse effects of ACEs related to depression can be
sustained into adulthood. Children who experience high levels of
adversity in childhood display a higher risk of depression and a
more severe degree of depression in adulthood, independent of the
duration of adversity occurring (22). Furthermore, individuals who
were victims of ACEs also exhibited clinical features such as early
onset, chronic course, and suboptimal treatment outcomes (23). In
preclinical research, early stress also induces depression in rodents
and primates in adulthood. However, the underlying mechanisms
by which ACEs influence the development of depression have not
been fully elucidated (24, 25).

2.2 Gut microbiota disturbance
and depression

Many studies have shown that animals with depressive-like
behavior and depressed patients have distinctive gut microbiota
characteristics. A recent study using male cynomolgus macaques on
the large intestinal mucosal and luminal samples showed that
depressed macaques had significantly different in Firmicutes and
Bacteroidetes at the phylum level, as well as Prevotellaceae and
Lachnospiraceae at the family level (26). The gut microbiota
composition also differs significantly between depressed patients and
healthy controls, but the results are not entirely consistent across
studies. At the phylum level, most studies suggest that depressed
patients had a significant increase in the relative abundance of the
Bacteroidetes and Actinobacteria relative to controls (27-29). Yet, the
results of Proteobacteria and Firmicutes are highly inconsistent among
different studies (27-30). At the family level, nearly 20 taxa were
identified in various studies, including Aminococcaceae,
Enterobacteriaceae, Trichospiraceae, Ruminococcaceae,
Bifidobacteriaceae, Erysipelothrichaceae, Porphyromonadaceae, for
example (11, 27-34). Among the most consistent findings were a
lower abundance of Prevotellaceae and Enterobacteriaceae, as well as a
higher abundance of Trichosporaceae in participants with depressive
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disorders relative to controls (11, 27-31). At the genus level, more than
40 taxa were identified. Most studies showed that short-chain fatty
acid-producing bacteria (11, 27, 28, 31, 35-37) such as Alistipes,
Oscillospira, Faecalibacterium Prausnitzii, and inflammation-
associated bacteria (28, 29, 34, 35, 37-39) such as Bifidobacterium
and Roseburia are significantly associated with depression. Among
them, Faecalibacterium prausnitzii was shown to be negatively
correlated with the severity of depressive symptoms (27, 29) and
positively correlated with a higher quality of life (36). Figure 1 shows
the trends in the genera of gut microbiota observed in different studies
that explored the development of depression.

Fecal microbiota transplantation in rodents proves that
disordered gut microbiota may be an etiological mechanism of
depression. Compared to mice transplanted with the “healthy
colony,” the depressed mice and mice transplanted with the
“depressive colony” from a depressed patient have exhibited
depressive-like behavior, increased carbohydrate requirements,
and disturbances in amino acid-related metabolites (25). Li et al.
(40) also found that the depressed mice and the mice colonized by
their gut microbiota exhibited higher levels of anxiety and
depressive behavior than the control mice. Table 1 and Table 2
provide detailed summaries of the gut microbiota alteration

10.3389/fpsyt.2024.1309022

observed in human and animal studies that explore the
development of depression, respectively.

Although these studies could not elucidate the causal
relationship between gut microbes and depression, they provide a
possibility that altered gut microbiota may contribute to depressive
episodes. Further research should focus on the impact of different
microbial taxa on the development of depression and the specific
mechanisms by which they function through the gut-brain axis.

3 Effects of ACEs on gut microbiota
3.1 Development of gut microbiota

An essential step in identifying and correcting the microbiota of
patients is to understand the characteristics of the healthy
microbiota and different microbial ecologies that exist in many
situations where the disease is not evident.

Studies have shown the developing gut microbiota undergoes three
distinct phases: a developmental phase (3-14 months), a transitional
phase (15-30 months), and a stable phase (31-46 months). Among
them, five phyla (Actinobacteria, Firmicutes, Proteobacteria,
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FIGURE 1
Alterations in gut microbiota observed in studies related to depression.69 Illustration of gut microbiota shift associated with depression, based on

data presented in Table 1 and Table 2. Genera names are outlined in the figure. Red indicates an increase in abundance, blue indicates a decrease,
and yellow indicates that the genus shows different trends in different studies.
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TABLE 1 Human studies exploring depression and gut microbiota changes.

Participants

Sample

Methods

Taxonomic
differences/

Phylum level

Taxonomic
differences/
Family level

10.3389/fpsyt.2024.1309022

Taxonomic
differences/
Genus level

37 depressed fecal 16S rRNA / The relative abundance of Oscillibacter and Alistipes Naseribafrouei
patients, and amplicon Bacteroidales was showed a significant correlation etal
18 HCs sequencing increased, while that of with depression. (2014) (31)
Lachnospiraceae was
decreased in depressed
patients compared with
that in controls.
46 depressed fecal PCR In depressed patients, The relative abundance In depressed patients, there Jiang et al.
patients and 30 and there was a significant of Enterobacteriaceae was was a significant increase in the (2015) (27)
HCs (age, 18- pyrosequencing increase in the relative significantly higher in relative abundance of Alistipes
40 years) abundance of patients than in controls. and a decrease in that of
Bacteroidetes, Faecalibacterium. Additionally,
Actinobacteria, and the abundance of
Proteobacteria and a Faecalibacterium was
decrease in Firmicutes. associated with the severity of
depressive symptoms.
165 subjects with fecal 16S rRNA MDD groups showed a There was a significant The relative abundance of Zheng et al.
MDD are amplicon higher abundance of increase in the abundance Alistipes, Coprococcus, (2016) (25)
compared with 217 sequencing Actinobacteria and a of Lactobacteriaceae, Clostridium cluster X IV a,
BD, and 217 HCs lower abundance of Streptococcaceae, Roseburia,
Bacteroidetes than HCs. Lachnospiraceae Phascolarctobacterium, and
(Anaerostipes caccae, Megamonas was decreased in
Blautia, Dorea), MDD groups relative to HCs.
Ruminococcaceae, and a
significant decrease in
that of Bacteroidaceae,
Rikenellaceae,
Lachnospiraceae
(Faecalibacterium),
Acidaminococcaceae,
Veillonellaceae,
Sutterellaceae in MDD
groups compared to HCs.
10 MDD patients fecal Comparative MDD groups showed In MDD groups, the The relative abundance of Chen et al.
(age, 18-56 years, metaproteomics an increased proportion relative abundance of Faecalibacterium was (2018) (29)
five women) and of Actinobacteria and Actinomycetaceae, significantly lower in depressed
10 HCs (age, 24— Firmicutes, and a Nocardiaceae, patients and negatively
65 years, decreased proportion of Streptomycetaceae, correlated with the severity
five women) Bacteroidetes and Bifidobacteriaceae, of depression.
Proteobacteria Erysipelotrichaceae,
compared to HCs. Clostridiaceae,
Lachnospiraceae,
Ruminococcaceae, and
Porphyromonadaceae was
increased, whereas that of
Enterobacteriaceae,
Sutterellaceae,
Oscillospiraceae,
Chitinophagaceae,
Mariniabiliaceae,
Rikenellaceae,
Prevotellaceae
was decreased.
24 First-episode fecal 16S rRNA Compared with HCs, Compared to HCs, there is Female MDD patients had Chen et al.
drug-naive famale amplicon increased Actinobacteria an increase in the relative higher levels of Actinomyces, (2018) (29)
MDD patients and sequencing and decreased abundance of Bifidobacterium, Acinetobacter,

24 female HCs, 20
First-episode drug-
naive male MDD
patients and 20
male HCs

Bacteroidetes levels were

found in female and
male MDD
patients, respectively.

Coriobactericaceae in female
MDD patients; at the same
time an increase in that of
Erysipelotrichaceae and a
decrease in that of
Ruminococcaceae in male
MDD patients.

Atopobium, Eggerthella,
Gordonibacter, Olsenella,
Eubacterium, Anaerostipes,
Blautia, Roseburia,
Faecalibacterium, and
Desulfovibrio, however, lower
levels of Howardella, Suterella,
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TABLE 1 Continued

Participants Sample Methods

Taxonomic
differences/

Phylum level

Taxonomic
differences/
Family level

10.3389/fpsyt.2024.1309022

Taxonomic
differences/
Genus level

and Pyramidobacter than
female HCs. Moreover, the
relative abundance of
Clostridium cluster XIVa,
Asaccharobacter, Clostridium
XIVa, Erysipelotrichaceae
incertae sedis, and Streptococcus
were negatively correlated with
the 17-item Hamilton
Depression Rating Scale
(HDRS) score. For male MDD
patients, compared with male
HCs, there was an increase in
the relative abundance of
Bacteroides, Erysipelotrichaceae
incertae sedis, Veillonella, and
Atopobium; in contrast, a
decrease in that of
Anaerovorax, Gordonibacter,
and Pyramidobacter. Moreover,
the relative abundance of
Veillonella was negatively
correlated with the 17-HDRS
score, and that of Collinsella
was positively correlated with
the 17-HDRS score.

36 MDD patients fecal 16S rRNA MDD patients had Compared to HCs, there MDD patients showed a Chung et al.
and 37 HCs (age, amplicon higher Actinobacteria was an increase in the significant increase in the (2019) (34)
20-65 years old) sequencing levels but lower relative abundance of relative abundance of
Bacteroidetes and Peptostreptococcaceae, Clostridium cluster X I,
Proteobacteria levels Porphyromonadaceae, Holdemania, Adlercreutzia,
than HCs. Streptococcaceae, Eggerthella, Parabacteroides,
Bifidobacteriaceae, Streptococcus, Ruminococcus,
Lachnospiraceae, whereas and Bifidobacterium, but a
a decrease in that of decrease in that of Megamonas,
Alcaligenaceae, Sutterella, Prevotella. Moreover,
Prevotellaceae in Holdemania was positively
MDD patients. correlated with anxiety levels
and stress perception levels in
depressed patients and not
with controls.
31 depressed fecal Shotgun The relative abundance / Compared to HCs, the relative Rong et al.
subjects and metagenomics of Firmicutes and abundance of Bacteroides, (2019) (37)
30 HCs sequencing Actinobacteria was Clostridium, Bifidobacterium,
significantly increased, Oscillibacter, and Streptococcus
but that of Bacteroidetes in depressed subjects
was significantly was increased.
decreased in depressed
subjects compared
to HCs.
80 depressed fecal 16S rRNA / / The relative abundance of Valles-Colomer
patients (n=40 amplicon Faecalibacterium and etal.

undergoing sequencing +
antidepressant Shotgun
treatment) and metagenomic
70 HCs sequencing

Coprococcus was positively
associated with QoL (quality of
life) scores. Coprococcus and
Dialister remained significantly
decreased after eliminating the
effects of antidepressant use.
Moreover, Coprococcus and
Dialister were both positively
associated with QoL scores.

(2019) (36)
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TABLE 1 Continued

Participants

Sample Methods

Taxonomic
differences/

Phylum level

Taxonomic
differences/
Family level

10.3389/fpsyt.2024.1309022

Taxonomic
differences/
Genus level

155 HCs and 156 fecal Metagenomic / / Compared with HCs, MDD Yang et al.
patients with MDD analysis subjects were characterized by (2020) (41)
(age, 18-65 years) a higher abundance of
Bacteroides and a lower
abundance of Blautia
and Eubacterium.
165 MDD subjects fecal 16S rRNA / In the MDD group, / Zheng et al.
and 217 HCs amplicon Bacteroidaceae and (2020) (28)
sequencing Bifidobacteriaceae were
higher than HC, whereas
Enterobacteriaceae was
lower than HC.
26 depressed fecal Shotgun Depressed subjects had / The relative abundance of Lai et al.
subjects (MDD metagenomic significantly higher Slackia, Eggerthella, (2021) (39)
group) and 29 HCs sequencing levels of Actinobacteria Coriobacterium, Olsenella,
but lower levels Atopobium, Rothia, and
of Bacteroidetes. Bifidobacterium was
significantly higher in the
depressed subjects.
20 depressed fecal 16S rRNA / Depressed subjects had In depressed subjects, there was Stevens et al.
subjects (ten amplicon higher levels of an increase in the relative (2021) (11)
females and ten sequencing based Acidaminococcaceae, bundance of Blautia sp,
males) and 20 HCs on single Coriobacteriaceae, and Alistipes sp, Parabacteroides
(14 females and nucleotide exact Enterobacteriaceae but spp, Phascolarctobacterium sp,
6 males) amplicon lower levels Oscillibacter spp, Rosburia spp,
sequence variants of Lachnospiraceae. Flavonifractor sp, and
Holdemania sp, but a decrease
in that of Faecalibacterium spp,
Ruminococcus spp,
Lachnospiraceae spp, and
Bacteroides spp.
IRONMET cohort fecal whole-genome / / Patients with higher Patient Mayneris-
(n=116, 44 HCs, shotgun Health Questionnaire 9 (PHQ- Perxachs et al.
47 mildly sequencing 9) scores had higher levels of (2022) (38)
depressed subjects, Parabacteroides spp. and
25 major depressed Acidaminococcus spp. whereas
subjects) lower levels of Bifidobacterium
IRONMET pseudolongum and species from
longitudinal cohort the butyrate-producing
(After 1-year of Lachnospiraceae family.
follow-up Longitudinal comparisons of
individuals were baseline bacterial taxa
re-evaluated, n=70) predictive of the PHQ-9 score
one year later disclosed lower
levels of Actinobacteria
(Bifidobacterium spp. and
Colinsella spp.) and
Lachnospiraceae species and
higher levels of Prevotella and
Enterobacter species associated
with higher PHQ-9 scores one
year late.

HCs healthy controls, MDD major depressive disorder,BD bipolar disorder,PCR Polymerase chain reaction.

Bacteroidetes, and Verrucomicrobia) and the Shannon diversity index =~ what is more, during this period the Firmicutes was the dominant

(one of the alpha diversity indices) changed significantly during the  group, and there was a high bacterial diversity (44). These studies
developmental period, and Bifidobacterium dominated during this  suggest that most of the structural and functional development of the
phase; Proteobacteria, Bacteroides, and Shannon diversity index  gut microbiota occurs in the first three years of life. However, recent
changed significantly during the transitional phase; all phyla and  longitudinal studies in older children suggest full gut microbiota

Shannon diversity index were unchanged during the stable phase, =~ maturation may take longer.
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TABLE 2 Animal studies exploring depression and gut microbiota changes.

Strains Model Sample Methods

Phylum level

Taxonomic
differences/

10.3389/fpsyt.2024.1309022

Taxonomic
differences/
Genus level

Taxonomic
differences/
Family level

Male CVs- fecal 16S rRNA / / The relative abundances Yu et al.
Wistar rats induced Gene of the bacterial genera (2017) (42)
depression Sequencing Marvinbryantia,
rat model Corynebacterium,
Psychrobacter,
Christensenella,
Lactobacillus,
Peptostreptococcaceae
incertae sedis,
Anaerovorax, Clostridiales
incertae sedis, and
Coprococcus were
significantly decreased. In
contrast, there is an
increase relative
abundance of Candidatus
Arthromitus and
Oscillibacter in model rats
compared with
normal controls.
Male Depressive fecal 16S rRNA The relative The relative The relative abundances Takajo et al.
Wistar rats rat models Gene abundance of abundances of of Lactobacillus, (2019) (43)
of LH Sequencing Actinobacteria was Lactobacillaceae, Turicibacter,
significantly higher in Turicibacteraceae, Peptostreptococcaceae
depressed mice than Peptostreptococcaceae, incertae sedis, and
in controls. and Bifidobacteriaceae Bifidobacterium were
were significantly significantly higher in the
higher in the LH LH group than in the
group than in the control group, whereas
control group, whereas that of Clostridiales
that of Clostridiales incertae sedis was
incertae sedis was significantly lower in the
significantly lower in LH group than in the
the LH group than in control group.
the control group.
Male CUMS Paired 16S rRNA Significant differences The abundance of The relative abundance of Teng et al.
cynomolgus induced mucosal Gene in Firmicutes and Lachnospiraceae was Lactobacillus decreased in (2022) (26)
macaques depression and luminal Sequencing Bacteriodetes were increased in CUMS the CUMS group.
cynomolgus samples observed between animals compared to
macaques from CUMS and the control group.
model cecum, control groups. There was an increase
ascending, in 11 asv belonging to
transverse, Prevotellaceae and a
and decrease in 7 asv
descending belonging
colons to Prevotellaceae.

CVS chronic variable stress,LH learned helplessness, CUMS Chronic unpredictable mild stress,asv amplicon sequence variant.

The findings show that the gut microbiota is not yet maturely
established by five years of age. Its diversity, core microbiota, and
microbial taxa still develop towards adult-type conformations and
show inconsistent developmental patterns in different bacterial
phyla (45).

A study compared the gut microbiota of healthy children aged
1-4 years with healthy adults aged 21-60. The results showed that
Clostridium cluster XIVa was equally predominant in young
children and adults and is thus considered to be established at an
early age. The groups Actinobacteria, Bacilli, Clostridium cluster IV,
and Bacteroidetes were more prevalent in young children’s guts than
adults. At the same time, the abundance of 26 genera shows

Frontiers in Psychiatry

significant 3.6-fold (higher or lower) differences between young
children and adults. Moreover, the microbiota of young children is
less diverse than that of adults (46). Furthermore, studies on gut
microbiota in adolescents showed that the gut microbiota of
adolescents aged 7 to 12 years still differ from those of adults in
composition and function and were more complex than those of
adults. Regarding microbial composition, although children and
adults are dominated by Bacteroidetes and Firmicutes, children have
far more abundance of Firmicutes and Actinobacteria in their
intestines and have a higher Shannon diversity index than adults
(47). One reason for this phenomenon may be that adolescents aged
7-12 years are in a critical period of growth and development
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compared to children aged 0-5 years while facing more complex
environmental and dietary changes, which may contribute to the
increased diversity of the gut microbial community.

These studies suggest that the composition and function of the
gut microbiota span a long period from the establishment to full
maturity. Physiologically, the gut microbiota is still not established
to a mature configuration at the age of 12 years. Environmental
disturbances during this crucial period may alter the gut
microbiota’s composition and function, causing multiple problems.

3.2 ACEs induce changes in the
gut microbiota

A growing body of research indicates that ACEs can disrupt the
gut microbiota composition in animals and humans, the eftect of
which can persist into adulthood. Table 3 and Table 4 provide
detailed summaries of the gut microbiota alteration relevant to
ACEs. At the phylum level, studies found that rats treated with
Maternal Separation (MS) had a decrease in the abundance of the
Bacteroidetes and an increase in the abundance of the Firmicutes (53,
58). However, in a “two hits” chronic stress mice model where
newborn mice were treated with MS and exposed to 4 weeks of
chronic variable stress (CVS) as adults, Kuti et al. showed an increase
in the abundance of the Bacteroidetes and the Actinobacteria (56).

Early studies have shown that MS can lead to significantly lower
levels of Lactobacilli in infant rhesus monkeys at the family and
genus levels (24). MS paradigm increased the populations of
Bifidobacterium bifidum, Lactobacillus, Clostridium leptum, and
Clostridium coccoides (but not Prevotella and Bacteroides fragilis)
in male mice (54). The study by Kuti et al. (56) similarly confirmed
that stress leads to an increased abundance of Clostridium spp. in
the gut of mice.

The difference remained remarkable in healthy individuals
versus those who suffered from ACEs. D’Agata et al. (48)
conducted a study on preterm infants in NICU. They found that
high-intensity stress exposure occurring 1 and 2 weeks before
sampling during the first six weeks of life significantly affected
Proteus and Veillonella. Similarly, Flannery et al. (51), showed that
socioeconomic risk exposure and behavioral dysregulation in
children were associated with the relative abundance of specific
gut microbial taxa (e.g., Bacteroides and Bifidobacterium). A study
based on youth aged 5-11 years with exposure to early adverse
caregiving experiences (i.e., institutional or foster care followed by
international adoption) found that the group with early adverse
caregiving experiences had a lower abundance of an unknown
genus, which is from the Lachnospiraceae of the order
Clostridiales, than children in the control group (50). This change
that ACEs may lead to decreased abundance of Lachnospiraceae was
likewise confirmed by Rincel et al. (55) and Park et al. (57) In
contrast, Reid et al.’s (52) study in 13-21-year-olds with a history of
institutional adoption showed that the effects of ACEs (institutional
adoption) on the gut microbiota could persist through adolescence
and into early adulthood. The relative abundance of Prevotella,
Bacteroides (the family Bacteroidaceae), Streptococcus, and
Escherichia was significantly increased within the group with a
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history of institutional adoption compared to the control group.
This variation in the Bacteroides was similarly confirmed by Park
et al. (57) in a study of rodents. Among mentally healthy pregnant
women, high ACE participants had an increased relative abundance
of Prevotella and a decreased abundance of Erysipelotrichaceae and
Phascolarctobacterium (49). Figure 2 shows the trends in the genera
of gut microbiota observed in different studies associated
with ACEs.

The effects of ACEs on rodent gut microbiota may be sex-
dependent. Male mice exposed to early life stress had a significantly
lower abundance of taxa belonging to Lachnospiraceae and
Porphyromonadaceae and a significantly increased abundance of
Bacteroides, Lactobacillus, Porphyromonas, Prevotella, and other
unclassified Firmicutes. However, only the relative abundance of
Mucispirillum and Lactobacillus was considerably lower in female
mice (55). The result above may indicate that the sensitivity of the
gut microbiota to early-life stress is higher in male mice than in
female mice. Park et al. (57) found an increase in the relative
abundance of the Sporobacter and a decrease in that of the
Mucispirillum in female MS rats, whereas the relative abundance
of the Streptococcus was enhanced and that of the Staphylococcus
was reduced in male MS rats. The relative abundance of the
Bacteroides was increased, while that of the Lachnospiraceae was
decreased in the feces of MS rats of both sexes. These discoveries
suggest that MS induces alterations in gut microbes in a sex-
dependent manner.

The effect of ACEs on gut microbiota is also related to genotype.
Compared to other groups, 5-HTT-/- rats exposed to MS with 5-
hydroxytryptamine gene deletion had an increased abundance of
microorganisms associated with inflammation, including
Desulfovibrio and Clostridium spp (53).

These studies indicate that ACEs can induce structural and
functional alterations in the gut microbiota, which may be a
potential pathophysiological pathway for the adverse outcomes
induced by ACEs. Future studies should also focus on the effects
of different types and degrees of ACEs on specific gut microbial taxa
to identify crucial microbial targets of ACEs that induce
adverse outcomes.

4 Discussion

This review summarized the evidence provided so far regarding
the relationship between ACEs and gut microbiota in depressive
disorders, thus facilitating the investigation of the peculiar role of
the gut-brain axis in depression associated with ACEs. In the
following sections, we will attempt to synthesize the functional
relevance of reported microbial taxonomic differences related to
ACEs and depression to provide clues for elucidating the
mechanisms by which ACE affects depressive disorders through
the gut-brain axis. As shown in Figure 3, ACEs may influence the
bidirectional gut-brain communication primarily through
neuroendocrine and immunoinflammatory pathways, thus
interfering with the development of depression. We will also
reflect on the limitations of the existing literature and then
elaborate on important considerations for future research.
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TABLE 3 Human studies exploring ACE and gut microbiota changes.

10.3389/fpsyt.2024.1309022

Participants Types Sample Measured Taxonomic Taxonomic Taxonomic
of ACEs methods  differences/  differences/ differences/
Phylum level Family level Genus level
82 very low birth early life fecal 16S rRNA / / NICU stress exposure D'Agata
weight (VLBW) NICU stress amplicon had a significant effect on et al.
infants in NICU sequencing Proteus and Veillonella. (2019) (46)
Larger stress scores were
associated with smaller
probabilities of Proteus
and Veillonella being
present. When Proteus
and Veillonella were
present, largar stress
scores were associated
with larger values of
relative abundances for
both genera.
Pregnant women ages Adverse childhood fecal 16S rRNA / / High ACE participants Hantsoo
18-45 years old who experience before amplicon had higher differential et al.
were at 20 to 26 the age of 18 sequencing abundance of Prevotella, (2019) (47)
weeks gestation and trend toward lower
abundance of
Erysipelotrichaceae
(species previously in
Eubacterium genus) and
Phascolarctobacterium
than low
ACE participants.
Children and EA fecal 16S rRNA / / The unknown genus in Callaghan
adolescents who had caregiving amplicon the family et al.
been exposed to early experiences sequencing Lachnosporaceae and the (2020) (48)
adverse (EA) other unknown genus
caregiving experiences and family from the
(N=115), and who had order Clostridiales were
been raised with their higher in children from
biological families the COMP than
without any report of EA groups.
adverse caregiving
(COMP, N = 229)
40 children (5- to 7- socioeconomic risk fecal Metagenomic CCA model revealed that the socioeconomic risk, caregiver behavior Flannery
year-olds) and adverse home analyses and parent-child dysfunction are significantly associated with et al.
environment taxonomic composition, and the socioeconomic risk and caregiver (2020) (49)
exposure behavior covariates accounted for 22.3% of the total variance in
functional composition.
128 right-handed childhood fecal 16S rRNA There were no significant relationships between a history of ELA Coley et al.
healthy participants traumatic and amplicon exposure and microbial alpha diversity, the variation of microbes (2021) (14)
(43 males and adverse life events sequencing within a sample, microbial beta diversity, the variation of microbial
85 females) that occurred communities between samples, or relative taxonomic abundance, at
before the age of either the phylum or genus levels.
18 years old and
covers four
domains: general
trauma, physical
punishment,
emotional abuse,
and sexual abuse
17 adolescents (13-21 early adverse care fecal 16S rRNA / / The relative abundance Reid et al.
years) who were amplicon of Prevotella, Bacteroides, (2021) (50)
internationally sequencing Coprococcus,

adopted, previously
institutionalized (PI)/
18 adolescents reared
in birth

families (COMP)

Streptococcus and
Escherichia was increased
in the PI group
compared to
COMP group.

ACE adverse childhood experience, VLBW very low birth weight, NICU Neonatal Intensive Care Unit, PI previously institutionalized, EA early adverse COMP comparison.
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TABLE 4 Animal studies exploring ACE and gut microbiota changes.

Strains

Sample

Methods

Taxonomic
differences/

Phylum level

Taxonomic
differences/
Family level

10.3389/fpsyt.2024.1309022

Taxonomic
differences/
Genus level

Serotonin MS Fecal 16S rRNA MS showed a shift There are increases in MS showed a higher abundance of EI Aidy
transporter amplicon characterized by a the abundance of Oscillospira, Paraprevotella, et al.
knockout sequencing decrease in Spirochaetaceae, Lachnospira, Treponema, (2017)
rats Bacteroidetes and an Ruminococcaceae, and Desulfovibrio, Allobaculum, and (51)
increase in Firmicutes. Clostridiales in MS. Clostridium while a lower
abundance
of Phascolarctobacterium.
NMRI MS Fecal Real-time / / The relative abundance of Amini-
mice PCR method Bifidobacterium bifidum, Khoei
Lactobacillus, Clostridium leptum etal
and Clostridium coccoides (but not (2019)
Prevotella and Bacteroides fragilis) (52)
in MS increased compared to
control mice.
Male MS Fecal 16S rRNA / MS had a significant MS had a significant increase in Rincel
Wistar rats amplicon increase in the the abundance of et al.
sequencing abundance of Acetitomaculum, Lachnospiraceae, (2019)
Lachnospiraceae, while a Escherichia, Clostridiales (53)
decrease in that of vadinBB60, Desulfovibrio,
Bacteroidales S24-7. Parabacteroides, while a decrease
in that of Adlercreutzia,
Enterorhabdus, Intestinibacter,
Turicibacter and Bifidobacterium.
C3H/ Multi-hit Fecal 16S rRNA / / Male exposed to early adversity Rincel
HeNRj early amplicon displayed a significantly lower et al.
mice life sequencing relative abundance of unclassified (2019)
adversity lachnospiraceaes, unclassified (53)
Porphyromonadaceae and a higher
relative abundance of Bacteroides,
Lactobacillus, porphyromonas,
alloprevotella, unclassified
Firmicutes members. In female
mice that experienced early
adversity, the relative abundance
of Mucispirillum and Lactobacillus
was significantly decreased
compared with controls.
Male “Two hits” Fecal Real time Mice exposed to the / The proportion of Clostridium sp. | Kauti et al.
C57BL/ stress quantitative “two hits” stress increased in mice exposed to the (2020)
6] mice paradigm PCR paradigm displayed an “two hits” stress paradigm (54)
increased porportion compared to control mice.
of Bacteroidetes and
Proteobacteria
compared to
control mice.
Sprague- MS Fecal 16S rRNA Female MS rats a In both females and In both MS females and males, Park et al.
Dawley amplicon showed lower males, the relative the relative abundance of the (2020)
rats sequencing abundance abundance of Bacteroides genus was increased. (56)
of Deferribacteres. Lachnospiraceae and In male MS rats, the abundance
Pasteurellaceae was of the Dorea, Robinsoniella, and
decreased, whereas that  Staphylococcus, Staphylococcus was
of the Bacteroidaceae significantly reduced, and that of
was increased. In male Streptococcus, Gracilibactoer and
MS rats, the abundance Alkalibaculum genera was
of the Staphylococcaceae increased. In female MS rats, the
family was abundance of the Blautia,
significantly decreased. Barnesiella, Anaerovorax, and
Mucispirillum genera was
diminished, and that of the
Sporobacter genus was elevated.
MS maternal separation, PCR Polymerase chain reaction.
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Alterations in gut microbiota observed in human and animal models following ACE exposure.69 Illustration of gut microbiota shift following ACE
exposure, based on data presented in Table 3 and Table 4. Genera names are outlined in the figure. Red indicates an increase in abundance, blue
indicates a decrease, and yellow indicates that the genus shows different trends in different studies.

4.1 Neuroendocrine pathway

Gut microbiota may regulate the development of ACEs-induced
MDD through the Neuroendocrine pathway. This process may
involve the HPA axis, neurotransmitters and Neurotrophins
secreted by the central nervous system, and some metabolites
involved in neuroendocrine processes.

4.1.1 The HPA axis

Hyperactivity of the HPA axis is one of the biological markers of
depression, and it has been widely suggested that ACEs have long-
term effects on the HPA axis. Cortisol arousal responses were
increased in participants with ACEs regardless of depression, with
depressed patients who experienced ACEs having the highest cortisol
concentrations and reduced glucocorticoid negative feedback
inhibition after dexamethasone inhibition experiments (59). In the
elderly, there were also significant negative associations between
ACEs and morning cortisol levels, irrespective of depression (60).
This consequent hyperactivity of the HPA axis and negative feedback
dysfunction mediated by ACEs may increase susceptibility to
depression and poor response to depression treatment in later life.

There is an interaction between HPA axis alterations and
disturbances in the gut microbiota associated with ACEs.
Individuals experiencing high ACEs showed disturbances in the gut
microbiota and blunted glucocorticoid response to stress; moreover,
the glucocorticoid response to stress was also positively correlated
with the abundance of Rikenellaceae and Dialister while negatively
correlated with that of the Bacteroides genus (49). Amini-Khoei et al.
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(54) showed that adrenalectomy might modulate the harmful effects
of MS-induced microbiota disorders and altered inflammatory status,
suggesting that the over-activation of the HPA axis may cause MS-
induced gut microbiota disorders. The gut microbiota disturbance
associated with ACEs is closely related to the dysfunction of the HPA
axis, but its specific causal relationship and biological mechanisms
need further study to elucidate.

Dysfunction of the HPA axis associated with gut microbiota may
play a role in attacks of depression. Multiple studies have shown that
plasma adrenocorticotropic hormone and cortisol levels are elevated in
germ-free mice after exposure to stress than in specific pathogen-free
mice (61-63). At the behavioral level, germ-free mice exhibit lower
anxiety and depression (62, 64, 65), whereas “depression microbiota”
recipient mice showed anxiety- and depressive-like behaviors (65).
Interestingly, expression of GR pathway gene stat5a was
downregulated in “depression microbiota” recipient mice, while it was
upregulated in germ-free mice (65). These studies indicated that the gut
microbiota might lead to behavioral abnormalities in mice through
HPA axis responsiveness and the downstream pathway of the
glucocorticoid receptor.

4.1.2 Neurotransmitters

Dysfunction in the dopamine (DA) system has been closely
linked to anhedonia (66, 67), which is one of the hallmark
symptoms of MDD (68). Through activating the HPA axis or
inducing epigenetic alterations in neurotransmitter-related genes,
ACEs may contribute to the decrease of dopamine in the brain (19,
69), and most relevant studies suggest a downregulation of the DA
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Bidirectional communication between gut microbiota and brain under the influence of ACE. Alterations in the gut microbiota influenced by ACE may
lead to alternations in intestinal metabolic, intestinal barrier function, vagus nerve function, HPA function, and immune-inflammatory state. Each of
these mechanisms is implicated in the pathophysiology of depressive disorder. Abbreviation: ACE, adverse childhood experience, CRH,

corticotropin-releasing hormone, ACTH Adrenocorticotropic Hormone.

system in MDD (67). Gut microbiota may modulate the relationship
between ACEs, DA, and depression. Compared to the control group,
the group of depleted gut microbiota rats processed with antibiotics
had higher levodopa (LDOPA) and homovanillic acid (HVA) in the
prefrontal cortex, lower HVA in the hippocampus, and lower HVA/
DA in the amygdala and striatum. Specific microbiota strains play a
beneficial role in the DA system of ELS-induced depression models. It
has been shown that Lactobacillus paracasei PS23 could reduce
depression-like behaviors induced by ELS by deregulating the level
of 3,4-Dihydroxyphenylacetic acid (DOPAC) and HVA in the
hippocampus of male mice (70). Similarly, Bifidobacterium CECT
7765 has also shown the ability to decrease the level of DA in the
hypothalamus and the improvement of the behavior abnormality of
the ELS-induced male mice model (71).

Besides DA, the disturbance in the serotonin (5-HT) system has
also been considered one of the pathogenic mechanisms of
depression (72-74). However, a recent systematic review reported
that there is no consistent evidence providing an association
between serotonin and depression (75). This finding makes it
clear that the current studies cannot prove that lowered 5-HT
activity or concentrations can cause depression. Still, it remains
evident that 5-HT is involved in multiple functions, including
mood, sleep, appetite, and defensive mechanisms (73), and
selective serotonin reuptake inhibitors (SSRIs) are still the first-
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line medication option for depression in clinical practice today (76).
It is believed that Gene-environment (GxE) interactions are
fundamental elements to the perturbations that occur in the
serotonin system (77). Several studies found that polymorphisms
of the serotonin-transporter-linked promoter region (5-HTTLPR)
could positively moderate the relationship between ACEs and
depression (78-85). Likewise, Brezo et al. found that, in the
SLC6A4 (Solute carrier family 6, member 4) gene, homozygosity
of the A allele of the polymorphism (rs3794808) increased the risk
of depression among individuals with childhood physical abuse
experiences compared to those who were heterogeneous or
homozygous for the G allele (86). gut microbiota can interact
with the 5-HT in the brain. In the model of antibiotic-induced
depletion of the gut microbiota, male Sprague-Dawley rats
exhibited depression-like behavior, higher 5-Hydroxy indoleacetic
acid (5-HIAA)/5-HA in the hippocampus, as well as lower 5-HIAA/
5-HA in the hypothalamus (87). Another study demonstrated the
opposite causality of the association between the serotonin system
in the brain and the gut microbiota. EI Aidy et al. (53) found the
altered expression of the serotonin transporter (5-HTT) induced
dysbiosis in rat gut microbiota, which include the microbial genera
Prevotella, Lachnospira, Ruminococcus, and Blautia. Moreover,
these 5-HTT genotype-related disruptions increase under the
influence of ELS (53).
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4.1.3 Neurotrophins

Brain-derived neurotrophic factor (BDNF), a neurotrophic factor
expressed in the brain, is involved in various functions including
neuronal growth, fear memory extinction, and stress response (88).
What's more, it is a common downstream intermediary for stress
factors that potentiate anxiety- and depressive-like behavior (88). In a
rodent study, adult rats with MS exhibited disturbance in gut
microbiota, a decrease in the level of BDNF, and depressive-like
behavior (89). Likewise, Male Sig-1R knockout (KO) mice showed a
highly similar depressive-like phenotype (90).Li et al. further provided a
possible causal relationship between the dysbiosis in gut microbes and
the changes in BDNF by processing Fecal microbiota transplantation
(FMT) experiments. Compared to the WT-FWT group, the WT-FKO
group had a significantly lower level of BDNF and also the display of
depressive-like behavior (90), which indicates that specific microbial
taxa changes may mediate the decline in BDNF and thereby promote
residual depression-like behaviors. However, the results of clinical
studies investigating the relationship between ACEs and BDNF are
quite heterogeneous. A recent meta-analysis indicates that there is no
significant difference in BDNF protein levels between ACE-exposed
and unexposed groups (91). This heterogeneity between studies may be
related to the age of the sampling, analyte type, and categories of ACE
exposure, and future researchers should pay attention to the impact of
these factors on the study results.

4.1.4 Other metabolites

Changes in gut microbiota can also contribute to the disruption
of metabolites involved in neuroendocrine processes, which may
further exacerbate the development of depression. Studies have
identified that the levels of y-aminobutyric acid (GABA) and
tryptophan (Trp) metabolism were disrupted in their intestines (39,
41). Furthermore, there is a negative correlation between the
abundance of Trp metabolism-related microbial genes and the
HAMD scores in the MDD group (39). Concerning glucose
metabolism, depressed patients burn more carbohydrates than
healthy controls and have multiple active microbial functional
pathways related to carbohydrate metabolism (34). A recent rodent
study has shown that excessive sugar intake can disrupt brain
function, triggering and exacerbating psychiatric symptoms (92).
Metabolites of gut microbes, mainly short-chain fatty acids, can
also contribute to the regulation of depression. It has been shown
that acetate alters the expression of the neurotransmitter 5-hydroxy
trptamine3 (5-HT3) receptor (93), which is closely associated with
depression. Propionic acid has been revealed to positively affect the
central nervous system by increasing the number of enteric-derived
regulatory T cells and, thus, transmyelin regeneration (94). Further
understanding of the neuroendocrine function of the gut microbiota
in ACE-related depressive disorders may point the way to targeted
and individualized interventions.

4.2 Immune-inflammatory pathway
ACEs can also cause changes in the immune-inflammatory state

of the body, and inflammatory activation may particularly emerge
in depressed individuals exposed to early stressors. These
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hypotheses stem from the higher levels of immune-inflammatory
factors and upregulated inflammation-related genes observed in
depressed patients with ACEs, which are not present in depressed
patients without ACEs (95, 96).

The potential for microbiota-mediated inflammation associated
with ACEs in depression is indicated by the disturbance in
inflammation-associated microbial members. The study by EI
Aidy et al. (53) suggests that changes in gut microbes caused by
early life stress may be a risk factor for the development of certain
inflammatory-related diseases, and restoring homeostasis of the
flora with neuroimmunomodulatory functions can prevent the
occurrence of excessive stress-induced inflammatory responses
thereby preventing the development of certain diseases. In the
preclinical study, recipient mice transplanted with “depression
microbiota” from depressed mice showed increased levels of
interferon y (IFN-y), tumor necrosis factor-o. (TNF-o), and
indoleamine 2,3-dioxygenase 1 (IDO1) in the hippocampus, as
well as higher levels of depressive behavior than control mice
(40). A systematic review found that depressed patients with
ACEs had significantly higher levels of Interleukin-6 (IL-6) and
TNF-o than controls or depressed patients without ACEs (96).
Interestingly, the area under the curve (AUC) of IL-6 was found to
positively correlate with the abundance of Bacteroides and
negatively correlate with Clostridiales, Lachnospiraceae, Dialister,
and Enterobacteriaceae, and the TNF-o. AUC was positively
correlated with the abundance of Bacteroides, Prevotella, and
Megasphaera and negatively correlated with Ruminococcaceae
(49). Most of these microbial taxa mentioned above, associated
with IL-6 and TNF-o, are members of Bacteroidetes and Firmicutes,
which have been widely recognized as the most affected bacterial
phyla in depression (30, 97). Lachnospiraceae, known for its ability
of short-chain fatty acids (SCFA) synthesis, was found to be
negatively correlated with depression severity (98). Similarly,
Dialister was depleted in depression, even after correcting for the
confounding effects of antidepressants (36). Prevotella and
Megasphaera are emerging probiotics that apparently improve
inflammatory responses (99, 100). A recent study found that
Prevotella histicola may be therapeutically beneficial for
depressive disorder by repairing intestinal leakage and inhibiting
central inflammation (100).What’s more, disturbance of microbial
metabolites, such as SCFA, could induce abnormalities in the blood-
brain-barrier permeability and intestinal permeability (47). And
increased blood-brain barrier, and intestinal permeability may
cause a hyperinflammatory state in the body (27). These results
indicate that immune-inflammatory alterations may be a critical
pathway for adverse outcomes induced by disturbances in the gut
microbiota associated with ACEs. Future research should focus on
changes in the relative abundance of inflammation-associated gut
microbes in disease states, the consequent changes in microbiota
function, and the specific biological mechanisms involved.

Some studies have confirmed that the alterations in gut
microbiota caused by ACEs are sex-specific. Male mice exposed to
early life stress had a significantly lower abundance of taxa belonging
to Lachnospiraceae and Porphyromonadaceae and a significantly
increased abundance of Bacteroides, Lactobacillus, Porphyromonas,
and Prevotella. However, only the relative abundance of
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Mucispirillum and Lactobacillus was significantly lower in female
mice (55). The result above may indicate that the sensitivity of the gut
microbiota to early-life stress is higher in male mice than in female
mice. Park et al. (57) found an increase in the relative abundance of
Sporobacter and a decrease in that of the Mucispirillum in female MS
rats, whereas the relative abundance of the Streptococcus was
enhanced and that of the Staphylococcus was reduced in male MS
rats. The relative abundance of the Bacteroides genus was increased,
while that of the Lachnospiraceae was in the feces of MS rats of both
sexes. Consistently, Park et al. (57) found that ACEs induced more
severe systemic inflammation and anxiety-like behaviors in males
than females. Depression also exhibits significant gender differences,
with women significantly more affected in prevalence, recurrence,
symptoms, and co-morbidity patterns (101). Moreover, these gender
differences in depression are probably mirrored in differences in
response to antidepressant treatments (101, 102). However, there is
an inconsistency between the male susceptibility to ACE-associated
microbial disturbance and the female susceptibility commonly seen
in depression. Thus, it is also essential to investigate whether the
gender specificity of ACEs on gut microbes is related to the gender
specificity observed in depression to identify pathophysiological
mechanisms and find effective treatments.

4.3 Summary and prospects

This review reviewed and summarized recent studies on the
relationship among ACEs, gut microbiota, and depression. The
available literature suggests that ACEs can increase susceptibility to
depression across the lifespan and that there is an association
between gut microbiota, ACEs, and depression. On the one hand,
the gut microbiota may play an essential role in developing and
treating depression by acting on the neuroendocrine system,
immune-inflammatory pathways, and organismal metabolism. On
the other hand, ACEs may affect the composition and function of
the gut microbiota. This effect can persist into adulthood with
various organismal inflammatory, immune, and neuroendocrine
alterations. Based on this body of evidence, it can be hypothesized
that the gut microbiota may be a vital mediator of the development
of depression induced by ACEs.

Currently, there are many limitations to the research on gut
microbiota. Many studies use animal models that do not accurately
reflect human characteristics and behaviors, and relatively few
studies on humans are usually in small base populations. At the
same time, many confounding factors that may affect the gut
microbiota are challenging to control, such as abnormal diet,
antibiotics, and antidepressants. In addition, the potential
mechanisms by which ACEs modulate the composition of the gut
microbiota and by which a disordered microbiota affects the brain
remain to be clarified. In studies on gut microbiota and depression,
current research is based on the correlation of specific gut
microbiota and their metabolites with depression. However, these
correlations do not prove a causal relationship between microbiota
disorders and the occurrence of depression. The insufficient
number of studies directly addresses the relationship between
ACEs, gut microbiota, and depression.
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Therefore, the role of gut microbes in the association between
ACEs and depression deserves further investigation. Meanwhile,
studies should further focus on the relationship between ACEs and
gut microbes across gender and depressive symptoms to reveal the
pathophysiological mechanisms of depression and to find new
biomarkers for identifying and diagnosing depression as well as
new therapeutic targets for reducing the adverse effects of early
stress and depression treatment.
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