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Abstract

Objective The aim of this study is to investigate the characteristics of gut microbiota in depression and anxiety
through a systematic review.

Methods Articles were searched in the PubMed, Embase, and PsycINFO databases from their inception to February
12th, 2023. Case-control studies on the characteristics of gut microbiota in depression and anxiety were included.
Methodological quality assessment of included studies was performed using the Newcastle-Ottawa Scale (NOS). A
qualitative synthesis was conducted to assess bacterial diversity (a- and 3-diversity) and taxa abundance differences
at the phylum, family, and genus levels.

Results A total of 24 articles were included in the systematic review, 20 studies were conducted in China. Our results
showed that the findings of the a- and 3-diversity assessments were inconsistent for both depression and anxiety. In
gut microbiota composition, we found that depression and anxiety were characterized by an enrichment of pro-
inflammatory bacteria and a depletion of anti-inflammatory SCFAs-producing bacteria. Specifically, Actinobacteria,
Proteobacteria, Rikenellaceae, Porphyromonadaceae and Bifidobacteriaceae were more abundant in the depression
group, as well as Firmicutes, Prevotellacea and Ruminococcaceae in lower abundance. In the anxiety group, the
abundance of Firmicutes, Lachnospira, Faecalibacterium, Sutterella, and Butyricicoccus was lower, while the abundance
of Bacteroidetes, Enterobacteriaceae, and Fusobacterium was increased.

Conclusions The systematic review found that depression and anxiety might be characterized by an enrichment of
pro-inflammatory bacteria and the depletion of anti-inflammatory SCFAs-producing bacteria. However, there were
conflicting reports on the abundance of bacteria due to confounders such as diet and psychotropic medications.
Further studies are strongly suggested.
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Introduction

Depression and anxiety are common mental disor-
ders that severely impair an individual’s ability to work,
study and live everyday life. According to the WHO
World Report in 2023 in 2023, 5% of the world’s adults
are affected by depression, and 4% of the population is
affected by anxiety [1, 2]. Additionally, 29.8% of patients
with depression also have an anxiety disorder [3]. The
comorbidity of depression and anxiety is an important
factor contributing to the complexity of clinical symp-
toms [4].According to the Global Burden of Disease
analysis, depression and anxiety are major contribu-
tors to global health burden [5]. Research indicates that
anxiety and depression may share a common pathologi-
cal mechanism. Current research mainly focuses on the
monoamine hypothesis, brain-derived neurotrophic fac-
tor (BDNF) cascade, and inflammatory response [6-8].
However, approximately 30% of Major depressive disor-
der (MDD) patients do not respond to monoamine anti-
depressants [9, 10]. Therefore, there is an urgent need to
further understand the pathophysiological changes and
find effective therapeutic targets.
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Patients with depression and anxiety are often accom-
panied by gastrointestinal symptoms. Studies have found
a bidirectional connection between the gastrointesti-
nal tract and the brain. This interaction, known as the
“microbiota-gut-brain axis’, suggests that the gut micro-
biota interacts with the nervous system. Gut microbiota
may play a role in the development of depression and
anxiety by influencing various physiological processes.
Different gut microbiota affect cognition and emotion
through neural, immune, and chemical signal networks
(Fig. 1) [11, 12].Studies have found that probiotic inter-
vention can help regulate gut microbiota imbalance and
improve mood disorders through the “brain-gut axis”
Therefore, exploring the gut microbial characteristics
of depression and anxiety can help identify unique bio-
markers, providing prospects and directions for clinical
intervention.

Previous studies examining the characteristics of gut
microbiota in depression and anxiety included diverse
populations, such as individuals with depression and
anxiety, normal individuals experiencing negative emo-
tions, and pregnant women with mental stress [13]. This
diversity increased the heterogeneity among studies.
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Fig. 1 The role of the microbiota-gut-brain axis in depression and anxiety. The microbiota-gut-brain axis mainly includes neural, immune and chemical
signal networks. The neural signal networks include enteric nervous system (ENS), vagus nerves and so on. Abnormal ENS aggravates pathological chang-
es of depression and anxiety. The vagus nerve is involved in transmitting microbial signals from the gut to the brain in depression. The gut microbiota and
its metabolites induce neuroinflammation through Th17/Treg imbalance and the release of pro-inflammatory factors. Microbial signals and emotional
disorders can activate the HPA axis, resulting in intestinal barrier impairment and inflammatory responses
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Additionally, a significant amount of recent research
has emerged in this field. This study not only updates a
large body of recent literature but also restricts the study
population to reduce heterogeneity. The aim of this study
is to summarize the results of previous clinical studies
through a systematic review to identify the characteris-
tics of gut microbiota in depression and anxiety.

Methods and materials

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guideline. The protocol
was registered with PROSPERO (Registration number:
CRD42023464292).

Data sources and search strategy

We searched the PubMed, Embase, and PsycINFO data-
bases from their inception to February 12th, 2023. The
search keywords included gastrointestinal microbiome,
depression, and anxiety. The detailed search strategy is
provided in Table S1.

Inclusion and exclusion criteria

Studies were included if they met the following inclusion
criteria: [1] The study population involved adults (>18
years old); [2] They included patients with depression or
anxiety, with control groups consisting of non-depressed,
non-anxious, or healthy individuals; [3] Gut microbiota
analysis was performed using next-generation sequenc-
ing (NGS), including 16s rRNA amplicon and shotgun
metagenomic sequencing, and reported diversity (alpha
or beta diversity) or taxa abundance differences; [4] The
study design was a case-control study.

Studies were excluded if they met the following criteria:
[1] Patients with depression or anxiety complicated with
irritable bowel syndrome, inflammatory bowel disease or
other diseases; [2] Data cannot be extracted; [3] Full texts
were not available.

Study selection and data extraction

Two authors independently screened articles by read-
ing the title and abstract, then reviewed the full text of
potentially eligible articles for complete analysis. Two
authors independently extracted data including the fol-
lowing items: [1] general information: title, year, country,
sample size, age, proportion of female, disease, diagnostic
criteria of depression or anxiety; [2] experimental meth-
ods: sequencing method and region; [3] gut microbiota
composition results: o-diversity, p-diversity and taxa
abundance differences at the phylum, family, and genus
levels. In case of disagreement between the two authors
in any aspect of study selection and data extraction, a
third author was consulted.
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Quality assessment

Two authors independently conducted methodologi-
cal quality assessments of the included studies using the
Newcastle-Ottawa Scale (NOS). Disagreements were
resolved by consultation with a third author. The NOS
scale consists of three domains, including selection, com-
parability, and exposure. The score ranges from 0 to 9
stars, and the studies were considered high quality if the
score was seven or more.

Outcome measures and qualitative synthesis

The outcomes of interest were gut microbiota compo-
sition results, including the bacterial diversity («- and
B-diversity) and taxa abundance differences at the phy-
lum, family, and genus levels. We conducted a qualitative
synthesis to summarize these findings. For a-diversity,
the differences in Chao, abundance-based coverage esti-
mator (ACE), Shannon, Simpson, and phylogenetic diver-
sity between the two groups were extracted and labeled
as increasing, decreasing, or no change. For B-diversity,
the method of measurement and finding were reported.
For the taxa abundance differences, we summarized the
findings of specific taxa which were reported signifi-
cantly different in at least 2 studies and reported those
increased or decreased.

Results

Search results

We searched for 7,055 articles in PubMed (2,303),
Embase (4,062), and PsycINFO (690). 24 articles were
finally included in the systematic review for further anal-
ysis (Fig. 2).

Study characteristics

The characteristics of the 24 studies included were shown
in Table 1. There were 20 studies from China, and 4 stud-
ies from Norway [14], Ireland [15], USA [16] and Spain
[17], respectively. We collected the proportion of female,
age, study samples and diagnostic criteria. Among them,
19 studies were patients with depression (MDD: n=16;
No specific type: n=3) [14-33], 3 studies were patients
with GAD(Generalized anxiety disorder) [34-35, 36],
and 2 studies included patients with depression and anxi-
ety.(MDD&GAD: n=1; No specific type: n=1) [16, 37].
Diagnostic criteria: Sixteen studies used DSM-IV criteria
for diagnosis, five used ICD-10, one used CCDCMD-3,
one used HDRS-17 for diagnosis and assessment, and
one study did not report the diagnostic criteria [15]. In
addition, we have extracted the sequencing method of
intestinal microflora. Twenty-one studies used 16s rRNA
gene sequencing from different regions, and four studies
used Shotgun metagenomics sequencing [22, 24, 26, 29].
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Fig. 2 PRISMA flow diagram of study selection

Quality assessment

In Table 2, the quality assessment of the studies showed
that most of the studies were of high quality, with 22
studies scoring 7 or more stars. Two [15, 17] studies were
of low quality (6 points). All studies were scored in “Defi-
nition of controls’, “Comparability of cases and controls’,
“Ascertainment of exposure” and “Same method of ascer-
tainment for cases and controls’, but none of which was
reported “Non-response rate”

a-diversity and B-diversity

The difference of a-diversity and p-diversity index
between the patients and the control group is shown in
Table 3.

a-diversity

a-diversity is used to reflect the diversity of microbial
community. Five indicators were used to evaluate o
diversity, including Chao, ACE, Shannon, Simpson, and
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phylogenetic diversity in the included studies. The most
widely adopted index in depression is the Shannon index,
which was examined in every study except two [14, 34].
There was no significant difference in alpha diversity
between patients with depression and healthy partici-
pants in 16 of 21 studies [14-30, 34, 37]. However, four
studies showed that a-diversity was lower in the depres-
sion patients groups compared with control groups [15,
19, 29, 31]. One study found an increased Shannon index
in depressive disorders [33].

In the studies by Mason et al. [16] and Jiang H et at
[36], there was no significant difference in alpha diver-
sity between the anxiety disorders and the control group.
Three studies found lower alpha diversity in the GAD
compared with control groups [34, 35, 37].

B-diversity
B-diversity is a measure of inter-individual diversity that
examines similarity of communities compared with the
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Table 1 Characteristics of included studies
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No. | Study Country | Sample size Range age or mean Female (%) Disease ?:;E;:Stw Sequencing method
. case: n=57 case: 41.24+3.82 case: 58.3% .
1 Cheng Y 2022 | China control: n=48 control: 40 9144 4 control: 57.9% GAD CCDCMD-3 16S rRNA (not specified)
. case: n=63 case: 28.34+8.63 case: 68.3%
2 Dong 7.2022 China control: n=30 control: 29.23+6.59 control: 66.7% MDD DSM-IV 168 rRNA (V3-V4)
. . case: n= 40 case: 37:9+1 case: 62.5%
3 LiX 2022 China control: n=22 control: 44:0+1 control: 40.9% MDD ICD-10 165 rRNA (V3-V4)
. case: n= 130 case: 36.61+14.57 case: 67.7% .
4 Zhong Q2022 | China control: n=131 control: 37.07+14.22 | control: 67.9% MDD DSM-IV 165 RNA. (not specified)
. case: n=30 case: 30.80+10.85 case: 60.0% . .
5 Zheng S 2021 China control: n=30 control: 33374702 control: 56.67% Depression ICD- 10 16S rRNA (not specified)
. . case: n=26 case:43.73+£11.46 case: 69.2 % .
6 Lai W 2021 China control: n=29 control: 39.41+10.96 | control: 55.2% MDD DSM-IV Shotgun metagenomics
. . case: n= 60 case: 35.62£17.10 case: 65.0% .
7 Bai § 2021 China control: n=60 control: 35.13+15.79 | control: 60.0% MDD DSM-IV 168 rRNA (not specified)
. case: n=68 case: 43.98 case: 77.9%
8 Caso 2021 Spain control: n=45 control: 44.72 control: 75.5% MDD DSM-IV 168 rRNA (V3-V4)
. case: n= 62 case: 39.58+12.66 case: 100% 16S rRNA (V3-V4)
K Chen Y 2021 China control: n=46 control: 36.93+8.58 control: 100% MDD DSM-IV Shotgun metagenomics
case: case: case:
. n=23(MDD) 30.04+£5.90(MDD) 9.6%(MDD)
10 | Dong Z 2021 China n=21(GAD) 30.437.95(GAD) 66.7%(GAD) MDD&GAD | DSM-IV 16S rRNA (V3-V4)
control: n=10 control: 30.22+6.50 control:60.0%
. case: n=36 case: 36.81£13.52 case: 41.7 %
11| Zhang Q2021 | China control: n=45 control: 39.29+11.44 | control: 57.8% MDD ICD-10 168 rRNA (V4-V5)
case: case: case:
n=8(anxiety) 40.0£13.7(anxiety) 100%(anxiety) Depression& g
12| Mason 2020 USA n=14(depression) | 41.9+12(depression) 79.0%(depression) | Anxiety DSM-IV 165 rRNA (V4)
control: n=10 control: 33+8.4 control: 60.0%
. case: n= 155 case: 18-65 .
13 | YangJ 2020 China control: =156 control: 18-65 NA MDD DSM-IV Shotgun metagenomics
14 | ZhengP2020 | China | 635163 NA NA MDD DSM-IV 16S rRNA (V3-V4)
control: n=217
. case: n=36 case: 46.08+12.09 case: 55.6%
15| Chen Y 2019 China control: n=24 control: 41.83+13.93 | control: 58.3% GAD DSM-IV 165 rRNA (V3-V4)
. case: n=36 case: 45.83+14.08 case: 82.4%
16 | Chung 2019 China control: n=37 control: 41.19+£12.73 control: 62.2% MDD DSM-IV 163 1RNA (V3-V4)
. case: n=31 case: 41.58+10.40 case: 71.0% .
17| Rong H 2019 China control: n=30 control: 39.47+10.22 | control: 53.3% MDD DSM-IV Shotgun metagenomics
case:
41.5+11.53(female)
. case: n=44 40.35£11.05(male) case: 54.5%
18 | ChenJ2018 China control: n=44 control: control: 54.5% MDD HDRS-17 16S rRNA (V3-V5)
43.95+12.11(female)
42.80+12.13(male)
. case: n=27 case: 48.7£12.8 case: 74.1%
19 | Huang Y 2018 | China control: n=27 control: 42.3+14.1 control: 74.1% MDD ICD-10 165 rRNA (V3-V4)
. . case: n=40 case:33.4+3.58 case: 75.0%
20| Jiang H2018 China control: n=36 control: 35.6+6.98 control: 64.0% GAD DSM-IV 16S rRNA (V3-V4)
. . case: n= 10 case: 36.2£10.1 case: 40.0%
21 | Lin P2017 Ching control: n=10 control: 38.1£2.9 control: 40.0% MDD DSM-LV 168 rRNA (V3-V4)
case: n= 34 case:45.8+11.5 case: 32.8% . .
22 | Kelly 2016 Ireland control: n=33 control: 45.8+11.9 control: 42.4% Depression NA 16S rRNA (not specified)
. . case: n=46 case:18-40 case: 41.3%
23 | Jiang H2015 China control: n=30 control: 18-38 control: 50.0% MDD DSM-IV 168 rRNA (V1-V3)
Naseribafrouei case: n=37 case: 49.2+13.9 case: 54.1% . .
24 2014 Norway control: n=18 control: 46.1+ 13.9 control: 61.1% Depression ICD-10 165 rRNA (not specified)

Notes CCDCMD-3: Chinese Classification and Diagnostic Criteria for Mental Disorders, third edition; DSM-IV: the Diagnostic and Statistical Manual of Mental Disorders;
ICD-10: the International Statistical Classification of Diseases and Related Health Problems 10th Revision; NA: not reported; MDD: Major depressive disorder; GAD:
Generalized anxiety disorder
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Table 2 Methodological quality of included studies
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Selection Comparability | Exposure
Same method
No. | Study flse:il:ﬁ tciﬁfne Representativeness ﬁglection l)feﬁnition ffo;:g;r:'l:(illity Ascertainment :gcer tainment Non-response | Sum
adequate of the cases controls | controls controls of exposure for cases and rate
controls
1 Cheng Y 2022 | * * * ok * * 7
2 Dong 22022 | * ® * * ET * * 8
3 Li X 2022 * * * ok * * 7
4 Zhong Q2022 | * * * w4 ® % 7
5 Zheng S 2021 | * * * sk * % 7
6 Lai W 2021 * * * * ok * * 3
7 Bai S 2021 * * * ) ® * 7
8 Caso 2021 * * sk * % 6
9 ChenY 2021 | * * * *x * * 7
10 | Dong Z 2021 * * * * ok * * 8
11 | Zhang Q2021 | * * * * £ * * 8
12 | Mason 2020 * * * * w4k * % 3
13 | YangJ 2020 * * * *k * * 7
14 | Zheng P 2020 | * * * *ok * * 7
15 | ChenY 2019 | * * * ok * * 7
16 | Chung 2019 * * * * wk * * 8
17 | Rong H2019 * * * Hk * * 7
18 Chen J 2018 * * # sk % % 7
19 | HuangY 2018 | * * * ok * * 7
20 | Jiang H2018 | * * * ok * * 7
21 | LinP 2017 * * * ok * # 7
22 | Kelly 2016 * * ok * * 6
23 | Jiang H2015 | * * * ok * * 7
24 Iz\Iglszrlbafrouel « % * *% * * 7

other samples analysed. The distance between samples
can be calculated by weighted (Bray-Curtis and Weighted
Unifrac) and unweighted (Jaccard and Unweighted Uni-
frac) algorithms to obtain the p value between sample.
The Beta diversity analysis is performed based on the
distance matrix, such as PCA and PCoA. Moreover, com-
bined with other multivariate statistical analysis meth-
ods (OPLS-DA, PLS-DA, PERMANOVA, ANOSIM) to
detect the variability between samples.

Findings in depressive disorders [-diversity between
participants with depressive disorders and controls was
reported in 20 studies, with a variety of measures. Only one
study did not perform B-diversity. Seven studies found no
difference between depression and controls. Four studies
[17, 18, 29, 37] used metric methods based on Bray-Cur-
tis. Two [16, 33] used weighted or unweighted UniFrac. 13
studies [14, 15, 20, 22-28, 30—32] found significant differ-
ences in participants with a depressive disorder relative to

controls, and most studies used PCoA analysis (10 of 13)
[15, 20, 22—-26, 30-32].

Findings in anxiety disorders Five studies comparing
anxiety disorders with healthy controls, four studies ana-
lysed B-diversity. Three studies reported that there were
differences between two groups [35-37], and one study
found no significant difference [16].

Taxonomic findings

Findings in depressive disorders

We summarized the representative taxa findings of
depression patients versus controls at three levels (phy-
lum, family, and genus levels) (Fig. 3). The relative abun-
dance of bacteria was found significant differences
between the two groups involving in 4 phyla, 8 families
and 21 genera. The tree gram was used to illustrate the
relationships between the shown genera, families, and
phyla. As shown in Fig. 4, there were four phyla including
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Table 3 Summary of bacterial diversity assessments of the included studies
No. Study o diversity i __ i B dlv'ersny i __
Chao | ACE I Shannon [ Simpson | phylogenetic diversity | Metric I Analysis | Finding
Depression
1 Dong Z 2022 = = Bray—Curtis i%%le no sig.different
2 Li X 2022 ! ! ! 1 / PCA no sig.different
3 Zhong Q 2022 = = / PCoA sig.different
4 Zheng S 2021 = = = = / / /
. . PCoA L
5 Lai W 2021 B Bray - Curtis PERMANOVA sig.different
6 | Bais2021 - - - - / ove oA | siedifferent
_ Bray-Curtis PCoA L
7 Caso 2021 = Jaceard PERMANOVA | ™© sig.different
_ _ _ _ Unweighted UniFrac Lo
8 Chen 'Y 2021 = = Weighted UniFrac PCoA sig.different
9 Dong Z 2021 = = = = Bray-Curtis PCA no sig.different
Weighted UniFrac
_ _ _ _ Unweighted UniFrac | PCoA -
10 Zhang Q 2021 = = = = Bray - Curtis ANOSIM sig.different
Jaccard
11 Mason 2020 = Weighted UniFrac PERMANOVA | no sig.different
L PCoA Lo
12 Yang J 2020 = = = Bray-Curtis distance PERMANOVA sig.different
— — _ _ PERMANOVA | . .
13 Zheng P 2020 = = = = / PLS-DA sig.different
— - _ Unweighted UniFrac L
14 Chung 2019 = = Weighted UniFrac PERMANOVA | sig.different
15 Rong H2019 ! = = Bray-Curtis PCoA no sig.different
16 Chen J 2018 = = = / ?Egﬁ)A sig.different
Unweighted Unifrac L
17 Huang Y 2018 ! l ! ! Weighted Unifrac PCoA sig.different
18 Lin P 2017 / / / / / Weighted UniFrac PCoA sig.different
Bray-Curtis
19 Kelly 2016 ! = ! Unweighted Unifrac PCoA sig.different
Weighted Unifrac
20 Jiang H 2015 = = 1 = Unweighted UniFrac | PCoA no sig.different
21 Naseribafrouei 2014 = / IIZICJIS\.D A sig.different
! ! ! ig.different: 13
g sig.different:
Total 4 2 2 2 no sig.different: 7
= 10 6 16 12 3
Anxiety
1 Cheng Y 2022 | / / /
2 Dong Z 2021 | | ! i Bray-Curtis PCA sig.different
3 Mason 2020 = Weighted UniFrac PERMANOVA | no sig.different
_ _ _ Unweighted UniFracs | PCoA Lo
4 | ChenY 2019 = U = Weighted UniFracs | PERMANOVA | Sig-different
. . . PCoA L
5 Jiang H 2018 = = = UnweightedUniFrac PElgMANOV A sig.different
! ! ig.different: 3
sig.different:
Total j i 2 1 5 no sig.different: 1

Bacteroidetes, Firmicutes, Actinobacteria and Proteobac-
teria. Bacteroidetes involved in 5 families and 4 genera.
Firmicutes involved in 8 families and 12 genera. Actino-
bacteria involved in 3 families and 4 genera. Proteobacte-
ria involved in 2 families and 1 genus.

At the phylum level, eleven studies showed significant
differences of relative abundance. The differential gut

microbiota mainly included Bacteroidetes, Firmicutes,
Actinobacteria and Proteobacteria. The most consistent
changes were the enrichment of Actinobacteria (4 of 5
studies) [18, 22, 28, 29]and Proteobacteria (3 of 4 stud-
ies) [29, 31, 33] in depression disorders. The results of
the study reported that relative abundance differences
in Bacteroidetes and Firmicutes were contradictory. A
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Fig. 3 Summary of taxa abundance differences in depression patients compared to control groups. (A) phylum level; (B) family level; (C) genus level
(4 studies) [15, 24, 31, 33] and Bifidobacteriaceae (3

lower abundance of Bacteroidetes (4 of 9 studies) [22, 28,
29, 32] and Firmicutes (4 of 7 studies) in depression was

observed.

At the family level, five gut microbiota showed consis-
tent results, including Rikenellaceae (4 studies) [21, 24,
25, 33], Porphyromonadaceae (4 studies) [24, 25, 28, 33],

studies) [18, 27, 28]. Among them, the relative abun-
dance of Rikenellaceae [21, 24, 25, 33], Porphyromon-
adaceae [24, 25, 28, 33]and Bifidobacteriaceae [18, 27,
28] was observed enrichment in the depression groups.
The abundance of Prevotellaceae [15, 25, 28] and Rumi-
nococcaceae [15, 18, 24, 31, 33] was lower in depression

Prevotellaceae (3 studies) [15, 25, 28], Ruminococcaceae
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Fig. 4 Tree gram of the gut microbiota in depressive disorders

disorders. The more consistent changes were the enrich-
ment of Bacteroidaceae (2 of 3 studies) [25, 27] and
depletion of Lachnospiraceae (5 of 7 studies) [14, 21, 24,
31, 33] in depression. The relative abundance of Entero-
bacteriaceae showed conflicting results in two studies
[27, 33].

At the genus level, 17 studies found significant differ-
ences of microbiota between depression patients and
controls, with changes in abundance mainly observed for
21 genera. The consistent results were the enrichment
of Alistipes (7 studies) [14, 17, 20, 21, 24, 25, 33], Para-
bacteroides (4 studies) [24, 25, 28, 33], Flavonifractor (3

Bifidobacteriaceae 3 [0

Sutterellaceae

24

Bifidobacterium *5 |0

Olsenella 120
N—— Actinobacteria 141 — Atopobiaceae
Atopobium +20
— Eggerthellaceae ——— Eggerthella 15,0

Enterobacteriaceae 1,1

Sutterella 0.3

studies) [20, 24, 33], Oscillibacter (3 studies) [14, 29, 33],
Streptococcus (3 studies) [28, 29, 32], Olsenella (2 studies)
[22, 30], Atopobium (2 studies) [22, 30], Bifidobacterium
(5 studies) [18, 22, 28, 29, 30] and Eggerthella (5 studies)
[15, 20, 22, 28, 30] and the depletion of Dorea (2 studies)
[24, 31], Dialister (3 studies) [15, 17, 33], and Sutterella (3
studies) [28, 30, 37] in the depression groups. In addition,
a higher abundance of Bacteroides (3 of 5 studies) [25, 26,
30], Blautia (4 of 5 studies) [18, 28, 30, 33] and Roseburia
(2 of 3 studies) [30, 33] were observed in depression. The
more consistent changes were a lower abundance of Pre-
votella (4 of 6 studies) [15, 25, 28, 33], Faecalibacterium
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(4 of 5 studies) [20, 24, 31, 33], Anaerostipes (2 of 3 stud-
ies) [17, 21], and Eubacterium (2 of 3 studies) [24, 26].
Megamonas and Clostridium showed opposite results in
two studies respectively. The number of literature of the
representative taxa findings of depression patients was
summarized at phylum, family, and genus levels.

Findings in anxiety disorders

We summarized the representative taxa of anxious
patients versus controls from observational studies at
three levels (phylum, family, and genus levels). A total of
5 studies were involved [16, 34—37]. At the phylum level,
the most consistent changes were the enrichment of Bac-
teroidetes (2 of 2 studies) [36, 37] and the depletion of
Firmicutes (3 of 3 studies) [35-37] in GAD. However, at
the family and genus levels, the number of studies which
reported the changes of specific taxa were less than
two. At the family level, Chen Yi-Huan et al. found that
Enterobacteriaceae increased and Prevotellaceae reduced
in anxiety disorders [35]. Yuanyuan Cheng et al. found
that the abundance of Porphyromonadaceae increased
in anxiety patients [34]. At the genus level, Lachnospira-
ceae and Ruminococcaceae were less abundant in anxi-
ety patients [35]. In addition, Hai-yin Jiang et al. found
that Fusobacterium was increased in GAD patients com-
pared with healthy people. Meanwhile, Faecalibacterium,
Eubacterium rectale, Sutterella, Lachnospira, and Butyr-
icicoccus decreased in GAD patients [36].

Discussion

The systematic review provided a summary focused
on the characteristics of gut microbiota in patients
with depression or anxiety. Our results showed that
the findings of the a and P diversity assessments were
inconsistent whether in depression or anxiety. In gut
microbiota composition, we found the differences
between case groups and control groups might be local-
ised to specific microbial taxa. We will discuss these find-
ings in detail in the following sections.

Compared with the previous study [13], this was not
just an update of gut microbiota research in patients with
depression or anxiety. There were several strengths in our
study as follows. First, we searched and included a large
number of studies published in recent years [17-26, 34,
37]. Second, in order to reduce inter-study heterogene-
ity, for the selection of patients, depression and anxiety
co-existing with other diseases were excluded from the
study. For the sequencing methods, the studies using the
NGS were only included Third, we made the characteris-
tics of gut microbiota more intuitive and visual by using
tables and figures to present the data.

a diversity and B diversity were performed a qualita-
tive synthesis. The results of the included studies showed
that the microbial diversity in patients with depression
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or anxiety are inconsistent compared with healthy peo-
ple. For a diversity, except for a few studies that found
lower a diversity in patients with depression or anxiety,
most studies found no significant difference in « diversity
between the two groups. Similarly, significant differences
of B diversity were observed between depressed or anx-
ious patients and healthy controls in approximately half
of the studies. The inconsistencies in diversity results
may be related to confounding factors such as sequenc-
ing depth, diet, and psychotropic medications [13, 38].
It suggested that the applicability of diversity indexes as
an assessment of host health should be questioned. We
should reflect on the limitations of the extant study and
provide direction for future research.

The results showed that significant differences of
microbiota were mainly focused on Bacteroidetes, Fir-
micutes, Actinobacteria and Proteobacteria at the phy-
lum level. Consistent with previous studies [13, 39], the
higher abundance of Parabacteroides, Oscillibacter,
Streptococcus, Bifidobacterium and Eggerthella, and the
lower abundance of Prevotellaceae, Ruminococcaceae
and Faecalibacterium has been reported to be associ-
ated with depression in our study. Inflammation has
been widely recognized as a mechanism in the patho-
genesis of depression and anxiety. Microbes and their
metabolites and lipopolysaccharide (LPS) interact with
macrophages and can stimulate immune responses by
releasing proinflammatory factors, resulting in changes
in inflammatory markers and depressive symptoms [11,
12, 38]. At the same time, microorganisms can also medi-
ate neuroinflammation by Th17/ regulatory T cell (Treg)
imbalance. In addition, microbial signals and emotional
disorders can activate the hypothalamic-pituitary-adre-
nal (HPA) axis, resulting in intestinal barrier impair-
ment and inflammatory responses. Parabacteroides and
Oscillibacter are Gram-negative bacteria, which contain
LPS in the outer cell membrane leaflet. LPS interacts
with macrophages to stimulate the immune response by
releasing proinflammatory cytokines [40]. Studies have
found that Eggerthella induces intestinal inflammation
by activating Th17 cells [41]. Prevotellaceae, Faecalibac-
terium and Ruminococcaceae can produce short-chain
fatty acids (SCFA) such as acetic acid and butyric acid
[42—-44]. Short-chain fatty acids are involved in protect-
ing gastrointestinal mucosa, reducing pro-inflammatory
factors and increasing anti-inflammatory mediators [45,
46]. The increase in these pro-inflammatory bacteria
and the decrease in anti-inflammatory bacteria further
support the idea that depression is associated with an
inflammatory state.

Bifidobacterium is generally considered to be anti-
inflammatory and regulate intestinal homeostasis.
Interestingly, consistent with previous studies, we
found that Bifidobacterium was enriched in depression.
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Bifidobacterium can form different ecological rela-
tionships with its host, ranging from opportunistic
pathogenic interactions to symbiotic and even health-
promoting relationships [47]. Thus, there is no clear
demarcation between beneficial and pathogenic bacteria,
and attention to microbiota balance may be more impor-
tant than a single class of bacterial regulation.

In our study, other findings that have previously not
been reported were association with the enrichment of
Alistipes and Flavonifractor in depression. It was shown
that Alistipes abundance significantly increased when
mice were exposed to stress [48]. Alistipes is an indole-
positive organism that reduces the availability of sero-
tonin and disrupts the gut-brain axis when it increases.
Tryptophan is a precursor of serotonin, a decrease of
which has been linked to depression [33]. Studies have
found that Flavonifractor is highly abundant in affective
disorders, which may be related to its enhancement of
oxidative stress and low grade inflammation [49].

In the anxiety group, we found Firmicutes and their
subphylum such as Lactobacillus, Vagococcus, Fusicateni-
bacter, Ruminococcaceae, Faecalibacterium, Lachnospira,
Butyricicoccus were decreased [34, 36, 37]. Consistent
with our results, an animal experiment showed that
Firmicutes levels were significantly reduced in mice
with higher level of anxiety [50]. We also found that the
abundance of Enterobacteriaceae increased in anxiety
patients. The elevated levels of Enterobacteriaceae could
induce inflammation and increase intestinal permeabil-
ity [51]. Reduced Lachnospiraceae and Ruminococcaceae
taxa in anxious patients could reduce the oxidative and
inflammatory damage of mouse epithelium [52]. As a
SCFA, butyrate is the main energy source of intestinal
cells, mainly produced by Ruminococcaceae and Lach-
nospiraceae [53-55], and enhances the integrity of the
intestinal barrier by inhibiting inflammation [56]. In the
study by Hai-yin Jiang et al., Fusobacterium, as Gram-
negative anaerobic bacteria, showed invasive and pro-
inflammatory properties related to immune activation
[57, 58]. Meanwhile, the reduction of Faecalibacterium,
Lachnospira and other five taxon can reduce the produc-
tion of short-chain fatty acids (SCFA) in the intestine,
leading to intestinal barrier dysfunction [55].Therefore,
even though the two studies didn’t find the same bacteria,
we found that taxa decreased in anxious patients such
as Lachnospiraceae, Ruminococcacea, Faecalibacterium,
Eubacterium rectale, Sutterella, Lachnospira, and Butyr-
icicoccus had anti-inflammatory properties, the enriched
taxa such as Enterobacteriaceae and Fusobacterium had
pro-inflammatory properties. However, due to the lim-
ited number of anxiety-related studies, the evidence of
microbiota characteristics in anxiety disorders was insuf-
ficient, and future research is required to focused on this
field. The above evidence suggests that there might be
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a common gut microbiota mechanism for anxiety and
depression.

First, in both anxiety and depression, the bacterial com-
munities with reduced abundance were Ruminococca-
ceae, Faecalibacterium, and Prevotellaceae. The reduced
abundance of Ruminococcaceae and Faecalibacterium
was associated with weakened anti-inflammatory effects,
often accompanied by decreased butyrate production,
suppressed Treg cell differentiation, and impaired intes-
tinal barrier integrity [33, 38, 59]. Similarly, the reduced
abundance of Prevotellaceae was linked to abnormal
neurotransmitter metabolism, including reduced GABA
synthesis, altered tryptophan metabolic pathways, and
heightened neuroinflammatory responses [60]. Con-
versely, the bacterial family that showed increased
abundance in both anxiety and depression was Porphyro-
monadaceae. This elevation was linked to enhanced oxi-
dative stress, which promotes LPS production, increases
inflammatory factor expression, and negatively impacts
neuroplasticity [61, 62]. Secondly, distinct gut micro-
biota characteristics were observed between anxiety and
depression. Anxiety was marked by a significant increase
in the abundance of Enterobacteriaceae, while depression
was characterized by elevated levels of Parabacteroides,
Oscillibacter, Streptococcus, and Eggerthella. Anxiety
typically manifests as an acute stress response, involving
rapid activation of the sympathetic nervous system, acute
HPA axis stimulation, and acute inflammatory responses
[63, 64]. In contrast, depression is mainly associated
with chronic low-grade inflammation. The significant
increase in Enterobacteriaceae is positively associated
with acute stress response [65]. The increased abundance
of Parabacteroides, Oscillibacter, and Eggerthella has
been correlated with persistent chronic stress responses,
whereas elevated Streptococcus levels are associated
with sustained neuroinflammation and increased oxida-
tive stress [14, 15, 32, 33, 38, 66, 67, 68]. In summary, the
mechanisms of gut microbiota changes in anxiety and
depression involve stress response pathways, immune-
inflammatory regulation, metabolic responses, and neu-
rotransmitter alterations, while also impacting intestinal
barrier function [13, 64, 69, 70, 71]. Anxiety primarily
represents an acute stress response, whereas depression
is characterized by a chronic stress response, which
explains the distinct differences in gut microbial compo-
sition between these two conditions.

There were some limitations in our study. First, geo-
graphic region and diet could affect the composition of
the microbiome [72, 73]. Most of the included studies
were from Asia, and did not consider the effects of diet
and psychiatric medication. Second, the differences of
analytical methods may affect the results. For example,
the sequencing method involved various regions (V1-
V5), and the diagnostic criteria used different scales for
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depression and anxiety. Third, the sample sizes of the
included studies ranged from 30 to 70 cases, with only
three studies exceeding 100 participants [20, 26, 27].
As 16 S rRNA sequencing is well-suited for large-scale
studies, the results from studies with small sample sizes
need to be interpreted with caution [74]. In addition,
only four studies out of 20 performed shotgun metage-
nomics. 16sRNA technology may have biased the results
being that this technology is more limited to find a wider
range of bacterial taxa. Future research should prioritize
larger sample sizes and utilize metagenomic sequencing
approaches [75].

Conclusion

The reported differences in composition of gut micro-
biota indicated that depression and anxiety may be char-
acterized by an enrichment of pro-inflammatory bacteria
and the depletion of anti-inflammatory SCFAs-produc-
ing bacteria. However, our results showed that the abun-
dance of gut microbiota in patients with depression or
anxiety are conflicting. The inconsistency suggests that
there may be confounders such as diet and psychotropic
medications. Therefore, further studies considering con-
founders should be strongly suggested.

Abbreviations

ACE Abundance-based coverage estimator
BDNF  Brain-derived neurotrophic factor
ENS Enteric nervous system

GAD Generalized anxiety disorder
HPA Hypothalamic-pituitary-adrenal
LPS Lipopolysaccharide

MDD Major depressive disorder
NGS Next-generation sequencing
NOS Newcastle-Ottawa Scale

Treg Regulatory T cell
SCFA Short-chain fatty acids

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512888-025-06871-8.

[ Supplementary Material 1 ]

Acknowledgements
Not applicable.

Author contributions

YYC analyzed the data, and wrote the manuscript. YRC and WCP involved

in the literature search and collection of data. YYC and JWD evaluated the
literature quality. LZS took part in the overall checking. MMM conceived the
study design, validated the data, and modified the manuscript. All authors
approved the final manuscript.

Funding

This study is funded by Shandong provincial Natural Science Foundation,
China (No. ZR2021MH180), and is additionally supported by the National TCM
clinical outstanding talents training program.

Page 12 of 14

Data availability
The datasets supporting the conclusions of this article are included within the
article (and its additional file).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 October 2024 / Accepted: 15 April 2025
Published online: 01 May 2025

References

1. World Health Organization. (2023).Anxiety disorders. https://www.who.int/ne
ws-room/fact-sheets/detail/anxiety-disorders [Accessed January 26,2024].

2. World Health Organization. (2023). Depressive disorder (depression). https:/
/www.who.int/news-room/fact-sheets/detail/depression [Accessed January
26,2024].

3. Lul, Xu X, HuangY,LiT, Ma C, Xu G, et al. Prevalence of depressive disorders
and treatment in China: a cross-sectional epidemiological study. Lancet
Psychiatry. 2021;8(11):981-90.

4. Kornstein SG, Schneider RK. Clinical features of treatment-resistant depres-
sion. J Clin Psychiatry. 2001;62:18-25.

5. Santomauro DF, Mantilla Herrera AM, Shadid J, Zheng P, Ashbaugh C, Pigott
DM, et al. Global prevalence and burden of depressive and anxiety disorders
in 204 countries and territories in 2020 due to the COVID-19 pandemic.
Lancet. 2021;398(10312):1700-12.

6. Colucci-D'Amato L, Speranza L, Volpicelli F, Neurotrophic Factor BDNF. Physi-
ological functions and therapeutic potential in depression, neurodegenera-
tion and brain Cancer. Int J Mol Sci. 2020;21(20).

7. Beurel E, Toups M, Nemeroff CB. The bidirectional relationship of depression
and inflammation: double trouble. Neuron. 2020;107(2):234-56.

8. Popova NK, Naumenko VS. Neuronal and behavioral plasticity: the
role of serotonin and BDNF systems tandem. Expert Opin Ther Targets.
2019;23(3):227-39.

9. Hirschfeld RM. History and evolution of the monoamine hypothesis of
depression. J Clin Psychiatry. 2000,61(Suppl 6):4-6.

10.  Berlim MT, Turecki G. What is the meaning of treatment resistant/refrac-
tory major depression (TRD)? A systematic review of current randomized
trials. Eur Neuropsychopharmacology: J Eur Coll Neuropsychopharmacol.
2007;17(11):696-707.

11. Chang L, Wei Y, Hashimoto K. Brain-gut-microbiota axis in depression: A
historical overview and future directions. Brain Res Bull. 2022;182:44-56.

12. Liu L, Wang H, Chen X, Zhang Y, Zhang H, Xie P. Gut microbiota and its
metabolites in depression: from pathogenesis to treatment. EBioMedicine.
2023;90:104527.

13. Simpson CA, Diaz-Arteche C, Eliby D, Schwartz OS, Simmons JG, Cowan CSM.
The gut microbiota in anxiety and depression - A systematic review. Clin
Psychol Rev. 2021;83:101943.

14. Naseribafrouei A, Hestad K, Avershina E, Sekelja M, Linlgkken A, Wilson R, et al.
Correlation between the human fecal microbiota and depression. Neurogas-
troenterol Motil. 2014;26(8):1155-62.

15. Kelly JR, Borre Y, C OB, Patterson E, El Aidy S, Deane J, et al. Transferring the
blues: Depression-associated gut microbiota induces neurobehavioural
changes in the rat. J Psychiatr Res. 2016;82:109-18.

16. Mason BL, Li Q Minhajuddin A, Czysz AH, Coughlin LA, Hussain SK, et al.
Reduced anti-inflammatory gut microbiota are associated with depression
and anhedonia. J Affect Disord. 2020;266:394-401.

17. Caso JR, MacDowell KS, Gonzalez-Pinto A, Garcia S, de Diego-Adelifo J,
Carceller-Sindreu M, et al. Gut microbiota, innate immune pathways, and
inflammatory control mechanisms in patients with major depressive disorder.
Translational Psychiatry. 2021;11(1):645.


https://doi.org/10.1186/s12888-025-06871-8
https://doi.org/10.1186/s12888-025-06871-8
https://www.who.int/news-room/fact-sheets/detail/anxiety-disorders
https://www.who.int/news-room/fact-sheets/detail/anxiety-disorders
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression

Cao et al. BMC Psychiatry

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

(2025) 25:443

Dong Z, Shen X, Hao Y, Li J, Xu H, Yin L, et al. Gut microbiome: A potential
indicator for predicting treatment outcomes in major depressive disorder.
Front NeuroSci. 2022;16:813075.

Li X, Jing K, Lu H, Li K, Zhang Y. Hasichaolu. Exploring the correlation between
changes in gut microbial community diversity and depression in human
populations. Biomed Res Int. 2022,2022:6334868.

Zhong Q, Chen JJ, Wang Y, Shao WH, Zhou CJ, Xie P. Differential gut micro-
biota compositions related with the severity of major depressive disorder.
Front Cell Infect Microbiol. 2022;12:907239.

Zheng S, ZhuY, Wu W, Zhang Q, Wang Y, Wang Z, et al. A correlation study

of intestinal microflora and first-episode depression in Chinese patients and
healthy volunteers. Brain Behav. 2021;11(8):e02036.

Lai WT, Deng WF, Xu SX, Zhao J, Xu D, Liu YH, et al. Shotgun metagenomics
reveals both taxonomic and Tryptophan pathway differences of gut micro-
biota in major depressive disorder patients. Psychol Med. 2021;51(1):90-101.
Bai S, Xie J, Bai H, Tian T, Zou T, Chen JJ. Gut Microbiota-Derived Inflamma-
tion-Related serum metabolites as potential biomarkers for major depressive
disorder. J Inflamm Res. 2021;14:3755-66.

Chen YH, Xue F, Yu SF, Li XS, Liu L, Jia YY, et al. Gut microbiota dysbiosis in
depressed women: the association of symptom severity and microbiota
function. J Affect Disord. 2021,282:391-400.

Zhang Q,YunY, An H, Zhao W, Ma T, Wang Z, et al. Gut Microbiome composi-
tion associated with major depressive disorder and sleep quality. Front
Psychiatry. 2021;12:645045.

Yang J, Zheng P, LiY,Wu J, Tan X, Zhou J et al. Landscapes of bacterial and
metabolic signatures and their interaction in major depressive disorders. Sci
Adv. 2020,6(49).

Zheng P, Yang J, Li Y, Wu J, Liang W, Yin B et al. Gut Microbial Signatures Can
Discriminate Unipolar from Bipolar Depression. Advanced science (Wein-
heim, Baden-Wurttemberg, Germany). 2020;7(7):1902862.

Chung YE, Chen HC, Chou HL, Chen IM, Lee MS, Chuang LC, et al. Exploration
of microbiota targets for major depressive disorder and mood related traits. J
Psychiatr Res. 2019;111:74-82.

Rong H, Xie XH, Zhao J, Lai WT, Wang MB, Xu D, et al. Similarly in depres-
sion, nuances of gut microbiota: evidences from a shotgun metagenomics
sequencing study on major depressive disorder versus bipolar disorder with
current major depressive episode patients. J Psychiatr Res. 2019;113:90-9.
Chen JJ, Zheng P, Liu YY, Zhong XG, Wang HY, Guo YJ, et al. Sex differences in
gut microbiota in patients with major depressive disorder. Neuropsychiatr Dis
Treat. 2018;14:647-55.

Huang Y, Shi X, Li Z, Shen Y, Shi X, Wang L, et al. Possible association of
Firmicutes in the gut microbiota of patients with major depressive disorder.
Neuropsychiatr Dis Treat. 2018;14:3329-37.

Lin P, Ding B, Feng C,Yin S, Zhang T, Qi X, et al. Prevotella and Klebsiella
proportions in fecal microbial communities are potential characteristic
parameters for patients with major depressive disorder. J Affect Disord.
2017;207:300-4.

Jiang H, Ling Z, Zhang Y, Mao H, Ma Z,Yin Y, et al. Altered fecal microbiota
composition in patients with major depressive disorder. Brain Behav Immun.
2015;48:186-94.

Cheng Y, Wang Y, Zhang W, Yin J, Dong J, Liu J. Relationship between intesti-
nal flora, inflammation, BDNF gene polymorphism and generalized anxiety
disorder: A clinical investigation. Medicine. 2022;101(29):e28910.

Chen YH, Bai J, Wu D, Yu SF, Qiang XL, Bai H, et al. Association between fecal
microbiota and generalized anxiety disorder: severity and early treatment
response. J Affect Disord. 2019;259:56-66.

Jiang HY, Zhang X, Yu ZH, Zhang Z, Deng M, Zhao JH, et al. Altered gut
microbiota profile in patients with generalized anxiety disorder. J Psychiatr
Res. 2018;104:130-6.

Dong Z, Shen X, Hao Y, Li J, Li H, Xu H, et al. Gut microbiome: A potential
Indicator for differential diagnosis of major depressive disorder and general
anxiety disorder. Front Psychiatry. 2021;12:651536.

Valles-Colomer M, Falony G, Darzi Y, Tigchelaar EF, Wang J, Tito RY, et al. The
neuroactive potential of the human gut microbiota in quality of life and
depression. Nat Microbiol. 2019;4(4):623-32.

Barandouzi ZA, Starkweather AR, Henderson WA, Gyamfi A, Cong XS. Altered
composition of gut microbiota in depression: A systematic review. Front
Psychiatry. 2020;11:541.

Hakansson A, Molin G. Gut microbiota and inflammation. Nutrients.
2011,3(6):637-82.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Page 13 of 14

Alexander M, Ang QY, Nayak RR, Bustion AE, Sandy M, Zhang B, et al. Human
gut bacterial metabolism drives Th17 activation and colitis. Cell Host Microbe.
2022;30(1):17-309.

ChenY, LiuY,Wang Y, Chen X, Wang C, Chen X, et al. Prevotellaceae produces
butyrate to alleviate PD-1/PD-L1 inhibitor-related cardiotoxicity via PPARa-
CYP4X1 axis in colonic macrophages. J Experimental Clin cancer Research:
CR.2022;41(1):1.

Martin R, Rios-Covian D, Huillet E, Auger S, Khazaal S, Bermudez-Humaran

LG et al. Faecalibacterium: a bacterial genus with promising human health
applications. FEMS Microbiol Rev. 2023;47(4).

Xie J, Li LF, Dai TY, Qi X, Wang Y, Zheng TZ, et al. Short-Chain fatty acids
produced by Ruminococcaceae mediate a-Linolenic acid promote intestinal
stem cells proliferation. Mol Nutr Food Res. 2022;66(1):e2100408.

Chang PV, Hao L, Offermanns S, Medzhitov R. The microbial metabolite
butyrate regulates intestinal macrophage function via histone deacetylase
Inhibition. Proc Natl Acad Sci USA. 2014;111(6):2247-52.

Tan J, McKenzie C, Potamitis M, Thorburn AN, Mackay CR, Macia L. The role of
short-chain fatty acids in health and disease. Adv Immunol. 2014;121:91-119.
Turroni F, van Sinderen D, Ventura M. Genomics and ecological overview of
the genus Bifidobacterium. Int J Food Microbiol. 2011;149(1):37-44.

Frémont M, Coomans D, Massart S, De Meirleir K. High-throughput 165

rRNA gene sequencing reveals alterations of intestinal microbiota in

myalgic encephalomyelitis/chronic fatigue syndrome patients. Anaerobe.
2013;22:50-6.

Coello K, Hansen TH, Serensen N, Ottesen NM, Miskowiak KW, Pedersen O,
et al. Affective disorders impact prevalence of Flavonifractor and abundance
of Christensenellaceae in gut microbiota. Prog Neuro-psychopharmacol Biol
Psychiatry. 2021;110:110300.

Huang E, Kang S, Park H, Park S, JiY, Holzapfel WH. Differences in anxiety lev-
els of various murine models in relation to the gut microbiota composition.
Biomedicines. 2018;6(4).

Lupp C, Robertson ML, Wickham ME, Sekirov I, Champion OL, Gaynor

EC, et al. Host-mediated inflammation disrupts the intestinal microbiota

and promotes the overgrowth of Enterobacteriaceae. Cell Host Microbe.
2007;2(3):204.

Darnaud M, Dos Santos A, Gonzalez P, Augui S, Lacoste C, Desterke C, et al.
Enteric delivery of regenerating family member 3 alpha alters the intestinal
microbiota and controls inflammation in mice with colitis. Gastroenterology.
2018;154(4):1009-e2314.

Barcenilla A, Pryde SE, Martin JC, Duncan SH, Stewart CS, Henderson C, et al.
Phylogenetic relationships of butyrate-producing bacteria from the human
gut. Appl Environ Microbiol. 2000,66(4):1654-61.

Pryde SE, Duncan SH, Hold GL, Stewart CS, Flint HJ. The microbiol-

ogy of butyrate formation in the human colon. FEMS Microbiol Lett.
2002;217(2):133-9.

Stilling RM, van de Wouw M, Clarke G, Stanton C, Dinan TG, Cryan JF. The
neuropharmacology of butyrate: the bread and butter of the microbiota-gut-
brain axis? Neurochem Int. 2016;99:110-32.

Sherry CL, Kim SS, Dilger RN, Bauer LL, Moon ML, Tapping RI, et al. Sickness
behavior induced by endotoxin can be mitigated by the dietary soluble
fiber, pectin, through up-regulation of IL.-4 and Th2 polarization. Brain Behav
Immun. 2010;24(4):631-40.

Roberts GL. Fusobacterial infections: an underestimated threat. Br J Biomed
Sci. 2000,57(2):156-62.

Ohkusa T, Okayasu |, Ogihara T, Morita K, Ogawa M, Sato N. Induction of
experimental ulcerative colitis by Fusobacterium varium isolated from
colonic mucosa of patients with ulcerative colitis. Gut. 2003;52(1):79-83.
Sokol H, Pigneur B, Watterlot L, Lakhdari O, Bermudez-Humaran LG, Grat-
adoux JJ, et al. Faecalibacterium prausnitzii is an anti-inflammatory commen-
sal bacterium identified by gut microbiota analysis of Crohn disease patients.
Proc Natl Acad Sci USA. 2008;105(43):16731-6.

Strandwitz P, Kim KH, Terekhova D, Liu JK, Sharma A, Levering J, et al.
GABA-modulating bacteria of the human gut microbiota. Nat Microbiol.
2019;4(3):396-403.

Cheung SG, Goldenthal AR, Uhlemann AC, Mann JJ, Miller JM, Sublette ME.
Systematic review of gut microbiota and major depression. Front Psychiatry.
2019;10:34.

Winter G, Hart RA, Charlesworth RPG, Sharpley CF. Gut Microbiome and
depression: what we know and what we need to know. Rev Neurosci.
2018;29(6):629-43.



Cao et al. BMC Psychiatry

63.

64.
65.

66.

67.

68.

69.

70.

(2025) 25:443

Galley JD, Nelson MC, Yu Z, Dowd SE, Walter J, Kumar PS, et al. Exposure to

a social stressor disrupts the community structure of the colonic mucosa-
associated microbiota. BMC Microbiol. 2014;14:189.

Foster JA, McVey Neufeld KA. Gut-brain axis: how the Microbiome influences
anxiety and depression. Trends Neurosci. 2013;36(5):305-12.

Foster JA, Rinaman L, Cryan JF. Stress & the gut-brain axis: regulation by the
Microbiome. Neurobiol Stress. 2017;7:124-36.

Bailey MT, Dowd SE, Galley JD, Hufnagle AR, Allen RG, Lyte M. Exposure to

a social stressor alters the structure of the intestinal microbiota: implica-
tions for stressor-induced Immunomodulation. Brain Behav Immun.
2011;25(3):397-407.

Cryan JF, O'Riordan KJ, Cowan CSM, Sandhu KV, Bastiaanssen TFS, Boehme M,
et al. The Microbiota-Gut-Brain Axis. Physiol Rev. 2019;99(4):1877-2013.
Zheng P, Zeng B, Zhou C, Liu M, Fang Z, Xu X, et al. Gut Microbiome remodel-
ing induces depressive-like behaviors through a pathway mediated by the
host's metabolism. Mol Psychiatry. 2016;21(6):786-96.

Fung TC. The microbiota-immune axis as a central mediator of gut-brain
communication. Neurobiol Dis. 2020;136:104714.

Silva YP, Bernardi A, Frozza RL. The role of Short-Chain fatty acids from gut
microbiota in gut-Brain communication. Front Endocrinol. 2020;11:25.

71.

72.

73.

74.

75.

Page 14 of 14

Kelly JR, Kennedy PJ, Cryan JF, Dinan TG, Clarke G, Hyland NP. Breaking down
the barriers: the gut microbiome, intestinal permeability and stress-related
psychiatric disorders. Front Cell Neurosci. 2015;9:392.

Yatsunenko T, Rey FE, Manary MJ, Trehan I, Dominguez-Bello MG, Contreras
M, et al. Human gut Microbiome viewed across age and geography. Nature.
2012,486(7402):222-7.

Deschasaux M, Bouter KE, Prodan A, Levin E, Groen AK, Herrema H, et al.
Depicting the composition of gut microbiota in a population with varied
ethnic origins but shared geography. Nat Med. 2018;24(10):1526-31.
Sanada K, Nakajima S, Kurokawa S, Barcelo-Soler A, Ikuse D, Hirata A, et al. Gut
microbiota and major depressive disorder: A systematic review and meta-
analysis. J Affect Disord. 2020;266:1-13.

Quince C, Walker AW, Simpson JT, Loman NJ, Segata N. Shotgun metage-
nomics, from sampling to analysis. Nat Biotechnol. 2017;35(9):833-44.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Gut microbiota variations in depression and anxiety: a systematic review
	﻿Abstract
	﻿Introduction
	﻿Methods and materials
	﻿Data sources and search strategy
	﻿Inclusion and exclusion criteria
	﻿Study selection and data extraction
	﻿Quality assessment
	﻿Outcome measures and qualitative synthesis

	﻿Results
	﻿Search results
	﻿Study characteristics



