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Objective: Although many works have been done, the objectively measured diagnostic
biomarkers are not available. Thus, we conducted this study to identify potential
biomarkers for objectively diagnosing depression and explore the role of gut microbiota
in the onset of depression.

Methods: Major depressive disorder (MDD) patients (n=56) and demographic data-
matched healthy controls (HCs) (n=56) were included in this study. The gut microbiota in
fecal samples and inflammation-related factors in serum were measured. Both univariate
and multivariate statistical analyses were performed to identify the differential gut
microbiota and inflammation-related factors.

Results: Finally, 46 differential operational taxonomic units (OTUs) (60.9% OTUs
belonging to Firmicutes) and ten differential inflammation-related factors were identified.
Correlation analysis showed that there were significant correlations between 14 differential
OTUs (9 OTUs belonging to Firmicutes and 5 OTUs belonging to family Lachnospiraceae
under Firmicutes) and seven differential inflammation-related factors. Meanwhile, 14
differential OTUs (9 OTUs belonging to Firmicutes and 5 OTUs belonging to family
Lachnospiraceae under Firmicutes) and five differential inflammation-related factors
(adiponectin, apolipoprotein A1, alpha 1-antitrypsin, neutrophilicgranulocyte count/white
blood cell count and basophil count) were significantly correlated to depression severity. A
panel consisting of these five differential inflammation-related factors could effectively
diagnose MDD patients from HCs.

Conclusions: Our results suggested that Firmicutes, especially family Lachnospiraceae,
might play a role in the onset of depression via affecting the inflammation levels of host,
and these five differential inflammation-related factors could be potential biomarkers for
objectively diagnosing MDD.
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BACKGROUND

Depression is a common mental disorder characterized by
depressed mood, loss of appetite, and high suicide rates
(Hidaka, 2012; Wachowska and Galecki, 2021). Depression can
occur at any age. It not only causes harmful effects on
individuals, but also challenges the public health system with
massive social and economic impacts (Rana et al., 2022). At the
same time, depressive disorder has the most extensive
heterogeneity of clinical diseases, which greatly increasing the
difficulty of research on this type of disease. Nowadays, the
identification and research of depression is not only the most
complicated field of clinical scientific research, but also a major
problem that needs to be solved in global life science research.
Therefore, further studies are urgently needed to identify
potential biomarkers for diagnosing depression and explore
novel molecular mechanisms of depression.

Accumulating evidence suggests that gut microbiota is
involved in the pathogenesis of depression (Bai et al., 2021a;
Bai et al., 2021b; Liu L. et al., 2021). Animal studies have shown
the reproducible and consistent effects of gut microbiota on
mouse behavior through inflammation (Farag et al., 2020; Duan
et al., 2021; Dordevic et al., 2021; Zhang C. et al., 2021). Our
group recently observed that CD36 deficiency could affect
depressive-like behaviors possibly by modifying gut microbiota
compositions in mice (Bai et al., 2021a); and gut microbiota-
related metabolites held the promise as potential biomarkers for
diagnosing depression (Bai et al., 2021b). Meanwhile, we found
that modulation of gut microbiota compositions and the use of
antibiotics could induce depressive-like behaviors (Zheng et al.,
2016; Li et al., 2018). These findings demonstrated that further
exploring the role of gut microbiota in depression could provide
novel insights in revealing the pathogenesis of depression.

Inflammatory response is a very complex biological process,
which has an important role in many diseases (Costa et al., 2021;
Li et al,, 2021; Lu et al,, 2021; Wang J. et al., 2021). Previous
studies showed that inflammatory response played a critical role
in the onset of depression, and the disturbance of inflammation
levels could increase the incidence of depression (Leonard, 2018;
Colasanto et al., 2020). Alpha 1-antitrypsin (AAT) and
apolipoprotein A1 (APOA1) were closely related with
inflammatory response (Ghaiad et al., 2020; Chen et al., 2021);
both were found to be significantly decreased in major depressive
disorder (MDD) patients (Bai et al., 2021c). Regulating

Abbreviations: MDD, Major depressive disorder; AAT, alpha 1-antitrypsin; CRP,
C-reactive protein; HCs, healthy controls; OTUs, Operational taxonomic units;
PALB, Prealbumin; TP, total protein; ALB, albumin; GLB, Globulin; TC, total
Cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-
C, low-density lipoprotein cholesterol; APOA1, apolipoprotein Al; APOB,
apolipoprotein B; CRPHS, hypersensitive C-reactive protein; APN, Adiponectin;
WBC, White blood cell count; RBC, Red blood cell count; PLT, Platelet count;
NEUT%, Neutrophilicgranulocyte count/White blood cell count; NEUT,
Neutrophilicgranulocyte count; LYM%, Lymphocyte count/White blood cell
count; LYM, Lymphocyte count; MONO%, Monocyte count/White blood cell
count; MONO, Monocyte count; EO%, Eosinophil count/White blood cell count;
EO, Eosinophil count; BASO%, Basophil count/White blood cell count; BASO,
Basophil count; OPLS-DA, orthogonal partial least squares discriminant analysis;
LEfSe, Linear Discriminant Analysis Effect Size; SCFAs, short-chain fatty acids.

inflammatory level might be one of pathway for gut microbiota
affecting host’s health. Researchers reported that the release of
many inflammation factors, such as C-reactive protein (CRP),
had a close relationship with gut microbiota (Pan et al., 2020;
Sae-Khow et al., 2020). Meanwhile, gut microbiota-derived
molecules and metabolites can result in inflammation in the
central nervous system, greatly contributing to the onset of brain
disorders (Barrio et al., 2021). In our previous work, we found
that some inflammation-related serum metabolites were
significantly correlated with gut microbiota and could be the
potential biomarkers for MDD (Bai et al., 2021b). These results
showed that inflammatory response might be the bridge between
brain functions and gut microbiota. Therefore, we conducted this
study to further explore the differences of gut microbiota at
operational taxonomic units (OTUs) level and serum
inflammation-related factors between MDD patients and
healthy controls (HCs). In 16S rRNA gene sequencing analysis,
OTUs are cluster of similar sequence variants of gene sequence,
which are used to categorize bacteria based on sequence
similarity. The taxonomic distributions of OTUs were used to
calculate the relative abundances of gut microbiota at different
levels. Our findings will improve our understanding of how gut
microbiota contributed to the onset of depression.

METHODS
MDD Patients and HCs Recruitment

The protocol of the present study was reviewed and approved by
the Ethical Committee of Chongqing Medical University (No.
20200320). All MDD patients were recruited from the
psychiatric center of the First Affiliated Hospital at Chongging
Medical University. The included MDD patients did not receive
any antidepressive treatments in one month prior to samples
collections. HCs were recruited from the medical examination
center of First Affiliated Hospital at Chongqing Medical
University. Finally, 56 MDD patients and 56 age, sex and body
mass index (BMI)-matched HCs were included. All the included
participants have provided the written informed consent. MDD
diagnosis relied on a Structured Psychiatric Interview using
DSM-IV-TR criteria. The detailed information was shown
in Table 1.

Fecal Gut Microbiota Compositions Detection
The 16S rRNA gene sequencing analysis was conducted
according to the standard protocols by Majorbio Bio-Pharm
Technology Co. Ltd. (Shanghai, China). Microbial DNA was
extracted from fecal samples using the E.ZN.A.® soil DNA Kit
(Omega Bio-tek, Norcross, GA, U.S.). Then, fecal microbiota
profiling was performed by paired-end 16S rRNA gene amplicon
sequencing based on the Illumina MiSeq platform (Illumina, San
Diego, USA). The hypervariable regions V3-V4 of the bacterial
16S rRNA gene were used in this study. Raw 16S rRNA gene
sequencing reads were demultiplexed, quality-filtered with
Trimmomatic, and merged by FLASH according to the
following criteria: (i) reads were truncated at any site receiving
an average quality score <20 over a 50 bp sliding window. (ii)
Primers were exactly matched allowing 2 nucleotides
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TABLE 1 | Demographic data of the recruited participants.

Variables HCs
Number 56

Age 35.71 (15.99)
Sex (F/M) 36/20

BMI (kg/m?) 21.23 (4.27)
HDRS scores 0.71 (0.95)

MDD patients P-value
56 -

35.11 (16.79) 0.84
38/18 0.69
20.94 (2.37) 0.66
24.86 (5.94) <0.00001

MDD, major depressive disorder; HCs, healthy controls; Y, yes; N, no; HDRS, Hamilton Depression Rating Scale; F, female; M, male; BMI, body mass index.

mismatching, and reads containing ambiguous bases were
removed. (iii) Sequences whose overlap length longer than 10
bp were merged into one sequence. The number of allowed
mismatches of barcodes was 0, and the maximum number of
primer mismatches was 2. OTUs were clustered with 97%
similarity cutoff using UPARSE (version 7.1 http://drive5.com/
uparse/) and chimeric sequences were identified and removed
using UCHIME. The taxonomy of each OTU was analyzed by
Ribosomal Database Project (RDP) Classifier algorithm (http://
rdp.cme.msu.edu/). The data of gut microbiota at OTU level in
both groups was extracted from our previous study (Bai
et al., 2021a).

Serum Biochemical Indicator and Blood
Routine Detecting

The method of serum biochemical indicators detecting was
described in our previous study (Chen et al, 2021). Serum
indicators of hepatic function (PALB, prealbumin; TP, total
protein; ALB, albumin; GLB, globulin), lipids (TC, total
cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; APOAL;
APOB, apolipoprotein B), CRPHS (hypersensitive C-reactive
protein), AAT and APN (adiponectin) were measured using
commercially available enzymatic colorimetric assays and an
automated analyzer system (Cobas 8000 modular device Roche
Diagnostics, Switzerland). ALB was measured turbidimetrically at
the main wavelength of 570 nm. TP was measured turbidimetrically
at the wavelength of 546 nm. TC and TG was measured
turbidimetrically at the wavelength of 505 nm. ALB was
measured turbidimetrically at the wavelength of 570nm. HDL and
LDL are Homogeneous enzymatic colorimetric tests, measured at
the wavelength of 600 nm. APOA1, APOB, AAT and PA were
measured by immunoturbidimetry at the wavelength of 340 nm.
CRPHS was measured by immunoturbidimetry at the wavelength of
546 nm. APN was measured by immunoturbidimetry at the
wavelength of 700 nm.

Cell counting and classification of the samples (WBC, white
blood cell count; RBC, red blood cell count; PLT, platelet count;
NEUT%, neutrophilicgranulocyte count/white blood cell count;
NEUT, neutrophilicgranulocyte count; LYM%, lymphocyte
count/white blood cell count; LYM, lymphocyte count; MONO
%, monocyte count/white blood cell count; MONO, monocyte
count; EO%, eosinophil count/white blood cell count; EO,
eosinophil count; BASO%, basophil count/white blood cell
count; BASO, basophil count) were measured using XN-9000
Hematology Analyzer system (Sysmex, Japan) through the

instrument electrical impedance, flow cytometry, and nucleic
acid fluorescence staining and other techniques.

Statistical Analysis

Alpha diversity was calculated by the species richness indices
(Chao) and species diversity indices (Shannon). Beta diversity
was calculated by orthogonal partial least squares discriminant
analysis (OPLS-DA). Linear Discriminant Analysis (LDA) Effect
Size (LEfSe) was used to identify the differential OTUs responsible
for the discrimination between the two groups. Random Forest was
used to find out the differential inflammation-related factors
responsible for the discrimination between the two groups.
Pearson correlation coefficient was used to describe the
correlations between differential OTUs, differential inflammation-
related factors and depression severity. SPSS 19.0 and R 4.0 were
used to do the statistical analyses, and P value was set to be 0.05.

RESULTS

Gut Microbiota Compositions in Two Groups
There were no significant differences on within-sample (o)
phylogenetic diversity between MDD patients and HCs (chaol,
p=0.55; Shannon, p=0.18; Figure 1A). We used the beta diversity
to assess whether or not there were significant differences on gut
microbiota compositions at OTUs level between the two groups.
The results of OPLS-DA showed that the two groups were
obviously separated, suggesting the significantly divergent gut
microbiota compositions at OTUs level between MDD patients
and HCs (Figure 1B). The relative abundances of gut microbiota
at phylum level in both groups were described in Figure 1C. The
gut microbiota was mainly consisting of four phyla in both groups:
Firmicutes, Bacteroidota, Actinobacteriota and Proteobacteria.

Gut Microbiota Alterations in MDD Patients
In total, 46 OTUs responsible for the discrimination between the
two groups were identified here using LEfSe analysis. The heat-
map consisting of these differential OTUs showed a consistent
clustering pattern in each group (Figure 2). As compared to
HCs, MDD patients were characterized by 8 significantly
decreased OTUs, along with 38 significantly increased OTUs.
Among these differential OTUs, there were 28 OTUs belonging
to Firmicutes (8 OTUs belonging to family Lachnospiraceae, 6
OTUs belonging to family Oscillospiraceae and 6 OTUs
belonging to family Ruminococcaceae) and 11 OTUs belonging
to Bacteroidota (4 OTUs belonging to family Bacteroidaceae and
3 OTUs belonging to family Rikenellaceae).
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FIGURE 1 | Gut microbiota compositions in MDD patients and HCs. (A) No significant differences on within-sample (o) phylogenetic diversity between MDD patients
and HCs were identified; (B) B-diversity analysis showed that there were significant differences on gut microbiota compositions between the two groups; (C) the
relative abundances of gut microbiota at phylum level in both groups. MDD, major depressive disorder; HCs, healthy controls.
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FIGURE 2 | Heat-map consisting of differential OTUs between the two groups. The heat-map was built with the z-score of the relative abundance of OTUs. The
redder represents the higher the abundance, and the greener represents the lower abundance. MDD, major depressive disorder; HCs, healthy controls; OTUSs,

Differential Inflammation-Related Factors
in MDD Patients

The results of Random Forest showed that there were 15
important inflammation-related factors: TP, GLB, EO%, APN,
APOB, APOAL, TC, AAT, ALB, LYM%, PALB, RBC, CRPHS,

NEUT% and BASO. Univariate statistical analysis was then used
to check the differential inflammation-related factors identified
by multivariate statistical analysis. The results showed that 10 of
15 important inflammation-related factors remained
significantly changed. The five important inflammation-related
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factors with p>0.05 were LYM% (p=0.109), ALB (p=0.106),
PALB (p=0.129), RBC (p=0.091), and CRPHS (p=0.086). As
compared to HCs, MDD patients were characterized by two
significantly increased inflammation-related factors (NEUT%,
p=0.033; BASO, p=0.030), along with eight significantly
decreased inflammation-related factors (TP, P=0.001; GLB,
p=0.002; EO%, p=0.006; APN, p=0.011; TC, p=0.023; APOALI,
P=0.016; APOB, p=0.015; AAT, p=0.033). Finally, ten
significantly changed inflammation-related factors were found
between MDD patients and HCs (Figure 3).

Correlations of Differential Variables

To find out the potential correlations between differential gut
microbiota and differential inflammation-related factors, Pearson
correlation method was conducted using data from both groups. As
shown in Figure 4, seven inflammation-related factors and 14
differential OTUs had significant correlations. The majority of
differential OTUs that were significantly correlated to differential
inflammation-related factors belonged to Firmicutes. Further
analysis found that the OTU1052, OTU323, OTU1157, OTU406
and OTU27 belonged to family Lachnospiraceae under Firmicutes.
We also found that APN was significantly correlated to five
differential OTUs belonging to Firmicutes, and both APOAI and
BASO were significantly correlated to five OTUs (60% of them
belonging to Firmicutes).

HDRS-Related Differential Variables

Firstly, Pearson correlation method was conducted using data from
MDD patients to explore the correlations between differential
inflammation-related factors and depression severity. The results
showed that five differential inflammation-related factors (APN,
APOAL1, AAT, NEUT% and BASO) were found to be significantly
correlated with HDRS (Figure 5). Secondly, the same method was
conducted using data from MDD patients to explore the
correlations between differential gut microbiota and depression
severity. The results showed that 14 differential OTUs were found to
be significantly correlated with HDRS (Figure 5). Further analysis
found that 9 of 14 OUTs belonged to Firmicutes, and five OTUs

(OTU323, OTU1157, OTU406, OTU27 and OTU1052) belonged
to family Lachnospiraceae under Firmicutes.

Potential Biomarkers for Diagnosing MDD
Logistical regression analysis was used to obtain a panel
consisting of these five differential inflammation-related factors
that had close relationships with depression severity and
differential gut microbiota. The included MDD patients and
HCs were randomly assigned into the training set and testing
set on a ratio of 2:1. The samples in training set were used to
identify the potential biomarkers, and the samples in testing set
were used to assess the diagnostic performance of the identified
potential biomarkers in predicting independent samples. In
training set, the panel could effectively separate the two groups
with an area under the curve (AUC) of 0.904 (95% confidence
interval (CI) = 0.830-0.979) (Figure 6A). It is essential to use a
testing set to independently validate the diagnostic performance
of the panel. In testing set, we found that the panel could also
effectively separate the two groups with an AUC of 0.852 (95%
CI = 0.709-0.996) (Figure 6B).

DISCUSSION

In the present study, we identified 46 differential OTUs (mainly
belonging to Firmicutes) and 10 differential inflammation-related
factors in MDD patients. Further analysis found that seven
differential inflammation-related factors were significantly
correlated to 14 differential OTUs (mainly belonging to
Firmicutes), and depression severity was significantly correlated
to five differential inflammation-related factors (APN, APOAI,
AAT, NEUT% and BASO) and 14 differential OTUs (mainly
belonging to Firmicutes). In addition, five of 14 differential OTUs
belonging to family Lachnospiraceae under Firmicutes were
significantly correlated to these five differential inflammation-
related factors and HDRS. These results indicated that Firmicutes,
especially family Lachnospiraceae, might have a close relationship
with depression via inflammation response.

NEUT%

APN * TC APOAL1

—MDD

depressive disorder; HCs, healthy controls.

E0% : BASO

oon

FIGURE 3 | Differential inflammation-related factors in MDD patients. The number on each circle represents the levels of inflammation-related factors. The each
cross-point of blue/green line and semidiameter line represents the levels of inflammation-related factors in one sample from MDD/HCs group. MDD, major
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FIGURE 5 | Depression severity-related differential OTUs and differential inflammation-related factors. Five depression severity-related differential inflammation factors
were identified, and most of depression severity-related differential OTUs belonged to Firmicutes.

Relations between gut microbiota and diseases have gained
more and more attention in recent decades (Han et al., 2020;
Kovacs et al.,, 2021; Khoshkam et al., 2021; Walton et al., 2021).
The significant changes of gut microbiota in MDD patients have
been found in many studies (Naseribafrouei et al., 2014; Jiang
et al., 2015), including ours (Zheng et al., 2016; Chen et al., 2018;
Chen et al., 2020; Bai et al., 2021b). However, the specific role of
gut microbiota in the onset MDD is still unknown. Previous
study reported that the changes of short-chain fatty acids
(SCFAs) caused by the disordered Firmicutes might account
for the physiological basis of the decreased levels of inflammation
in MDD patients (Huang et al., 2018). Using animal model of
depression, we found that gut microbiota might contribute to the
occurrence of depressive-like behaviors by affecting the levels of
SCFAs and neurotransmitters (Wu et al., 2020); further
investigation showed that “Firmicutes-SCFAs-GP metabolism-
Tryptophan pathway” could be a potential pathway between gut
microbiota and brain functions (Tian et al, 2021). Here, we

observed that the majority of differential OTUs belonged to
Firmicutes. Taken together, our results further demonstrated
that the disturbances of Firmicutes might be a hallmark
of depression.

Previous study found that the level of APOA1 was decreased
in patients with post-stroke depression than in HCs (Zhan et al,,
2014). Gui et al. reported that compared to HCs, MDD patients
had the decreased level of AAT (Gui et al., 2018). Both APOA1
and AAT were also found to be significantly decreased in MDD
patients in our previous work (Bai et al., 2021c). Liu et al.
suggested that APN had an important role in depressive-like
behaviors and could be a potential treatment target for MDD
(Liu et al, 2012). In this study, a panel consisting of APN,
APOA1, AAT, NEUT% and BASO with good diagnostic
performance in diagnosing MDD was identified. Therefore,
these five differential inflammation-related factors held the
promise as the potential biomarkers for diagnosing MDD, and
were worthy of further exploring.
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Asan adipocyte-derived hormone, APN plays an important role
in regulating metabolism of lipids and glucose and possessing anti-
inflammatory (Ouchi and Walsh, 2007; Nguyen, 2020; Zhang H.
et al., 2021). Previous studies mostly focus on the relationships of
APN and diabetes or cardiovascular, while the relationships
between APN and depression has been increasingly attracting
emphasis in recent years (Bloemer et al., 2018). Emerging
evidence suggests that APN has an effect on anti-depression (Guo
et al., 2017; Nicolas et al., 2018). Li et al. reported that APN could
regulate the depression-related behaviors via acting on 5-
hydroxytryptamine neurons (Li et al., 2021). Recently, researchers
thought that the pathway of APN/fibroblast growth factor 9 had an
important role in the development of depression (Wang X. Q. etal,
2021). Meanwhile, previous study revealed that alteration of gut
microbiota could affect the expression of APN in obese mice (Yao
etal., 2020). The supplementation with APN might have an impact
on both the pattern and composition of the gut microbiota (Grases-
Pinto etal., 2019),and APN deficiency could alter the gut microbial
functions (Peng et al., 2021). Although gut microbiota has been
associated with the APN, the role of APN in the gut microbiota-
brain axis hypothesis of depression has not been studied to date.
Here, we found that APN was significantly correlated to differential
OTUs belonging to Firmicutes. Our results indicated that APN
might be a critical node between gut microbiota and depression.

The gut microbiome consists of trillions of bacteria which have a
critical role in host’s health (Huang et al., 2020; Khan et al., 2020;
Abdullaeva et al,, 2021; Piacentino et al., 2021). Firmicutes and
Bacteroidetes are the two dominant bacterial phyla in human gut
(Guan et al,, 2021; Kameli et al., 2021). In this study, these differential
OTUs mainly belonged to families under Firmicutes (Lachnospiraceae,
8 OTUs; Oscillospiraceae, 6 OTUs; Ruminococcaceae, 6 OTUs) and
families under Bacteroidota (Bacteroidaceae, 4 OTUs; and
Rikenellaceae, 3 OTUs). Previous studies have found that the
abundances of Lachnospiraceae, Ruminococcaceae and
Bacteroidaceae were changed in both depressed mice and patients
(Park et al.,, 2020; Zhou et al., 2020; Liu X. et al., 2021). Park et al.
observed that serum brain-derived neurotrophic factor was
significantly correlated with Lachnospiraceae and Ruminococcaceae
in individuals with depression (Park et al., 2020). Barandouzi reported
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FIGURE 6 | Diagnostic performances of the identified potential biomarkers. (A) samples in training set were used to identify the potential biomarkers, and the AUC value
showed that these biomarkers could effectively diagnose MDD; (B) samples in testing set were used to assess the diagnostic performance of these biomarkers, and the
AUC value showed that these biomarkers could effectively diagnose independent MDD patients. AUC, area under the curve; Cl, confidence interval.

that the abundances of Oscillospiraceae and Bacteroidaceae were
changed in people with depression (Barandouzi et al., 2020). These
results indicated that these families were worthy of further exploring,
Several limitations should be described here. Firstly, there were
only 56 participants in each group, which warranted large-scale
studies to validate and support our findings. Secondly, there were
many overlapping symptoms between MDD and bipolar disorder
(BD); thus future studies were needed to find out whether our
identified potential biomarkers could separate MDD patients from
BD patients. Thirdly, we did not conduct animal studies to validate
the novel insights about the role of gut microbiota in the
pathogenesis of depression, which was also worthy of future
exploring. Fourthly, we did not know whether or not one month
was enough to remove the effects of antidepressive treatments on
gut microbiota; thus future studies should recruited drug-naive
MDD patients to evaluate our results. Fifthly, we only preliminarily
studied the relationship between gut microbiota and inflammation
factors, future studies should be further conducted to explore how
the gut microbiota contributes to inflammation in host. Sixthly,
although the two groups were matched in age, sex ratio and BMI,
and patients with comorbidities were excluded, we still could not
exclude all the confounding factors. Seventhly, other inflammatory
markers, such as IL-1 and cytokines, could play an important role
in the pathophysiology of MDD (Dowlati et al., 2010; Chan et al.,
2019), future studies should further explore the relationships
between these inflammatory markers and gut microbiota to
provide novel clues in revealing the pathogenesis of depression.
Finally, genetic factors were an important factor in the development
of MDD; then all the participants coming from the same ethnic
group might limit the general applicability of our conclusions.

CONCLUSION

In conclusion, 46 differential OTUs (mainly belonging to
Firmicutes) and 10 differential inflammation-related factors
were identified here. Among there differential variables, 14
differential OTUs (mainly belonging to Firmicutes) and five
differential inflammation-related factors (APN, APOA1, AAT,
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NEUT% and BASO) were found to be significantly correlated to
the depression severity. Meanwhile, a panel consisting of these
five inflammation-related factors could effectively diagnose
MDD patients from HCs. Our results could be helpful for
future exploring the role of gut microbiota in depression and
identifying objectively diagnostic methods for MDD.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethical Committee of Chongqing Medical
University. The patients/participants provided their written
informed consent to participate in this study.

REFERENCES

Abdullaeva, Y., Ambika Manirajan, B., Honermeier, B., Schnell, S., and Cardinale,
M. (2021). Domestication Affects the Composition, Diversity, and Co-
Occurrence of the Cereal Seed Microbiota. J. Adv. Res. 31, 75-86. doi:
10.1016/j.jare.2020.12.008

Bai, S., Wang, W., Wang, T., Li, J., Zhang, S., Chen, Z, et al. (2021a). CD36
Deficiency Affects Depressive-Like Behaviors Possibly by Modifying Gut
Microbiota and the Inflammasome Pathway in Mice. Transl. Psychiatry 11
(1), 16. doi: 10.1038/s41398-020-01130-8

Bai, S., Xie, J., Bai, H., Tian, T., Zou, T., and Chen, J. J. (2021b). Gut Microbiota-
Derived Inflammation-Related Serum Metabolites as Potential Biomarkers for
Major Depressive Disorder. J. Inflamm. Res. 14, 3755-3766. doi: 10.2147/
JIR.S324922

Bai, S., Fang, L., Xie, J., Bai, H., Wang, W., and Chen, J. J. (2021c). Potential
Biomarkers for Diagnosing Major Depressive Disorder Patients With Suicidal
Ideation. J. Inflamm. Res. 14, 495-503. doi: 10.2147/JIR.S297930

Barandouzi, Z. A., Starkweather, A. R., Henderson, W. A., Gyamfi, A., and Cong,
X. S. (2020). Altered Composition of Gut Microbiota in Depression: A
Systematic Review. Front. Psychiatry 11, 541. doi: 10.3389/fpsyt.2020.00541

Barrio, C., Arias-Sanchez, S., and Martin-Monzon, I. (2021). The Gut Microbiota-
Brain Axis, Psychobiotics and its Influence on Brain and Behaviour: A
Systematic Review. Psychoneuroendocrinology 137, 105640. doi: 10.1016/
j.psyneuen.2021.105640

Bloemer, J., Pinky, P. D., Govindarajulu, M., Hong, H., Judd, R., Amin, R. H., et al.
(2018). Role of Adiponectin in Central Nervous System Disorders. Neural
Plast. 2018, 4593530. doi: 10.1155/2018/4593530

Chan, K. L., Cathomas, F., and Russo, S. J. (2019). Central and Peripheral
Inflammation Link Metabolic Syndrome and Major Depressive Disorder.
Physiol. (Bethesda) 34 (2), 123-133. doi: 10.1152/physiol.00047.2018

Chen, Y. H., Cheadle, C. E., Rice, L. V., Pfeffer, P. E., Dimeloe, S., Gupta, A., et al.
(2021). The Induction of Alpha-1 Antitrypsin by Vitamin D in Human T Cells
is TGF-B Dependent: A Proposed Anti-Inflammatory Role in Airway Disease.
Front. Nutr. 8, 667203. doi: 10.3389/fnut.2021.667203

Chen,].],, He,S., Fang, L., Wang, B., Bai, S.]., Xie, ], et al. (2020). Age-Specific Differential
Changes on Gut Microbiota Composition in Patients With Major Depressive
Disorder. Aging (Albany NY) 12 (3), 2764-2776. doi: 10.18632/aging.102775

Chen, J. ., Zheng, P., Liu, Y. Y., Zhong, X. G., Wang, H. Y., Guo, Y. ], et al. (2018).
Sex Differences in Gut Microbiota in Patients With Major Depressive Disorder.
Neuropsychiatr. Dis. Treat 14, 647-655. doi: 10.2147/NDT.S159322

AUTHOR CONTRIBUTIONS

Study concept and design: SB and J-jC. Acquisition of data: SB, HB,
and DL. Analysis and interpretation of data: All authors. Drafting of
the original manuscript: SB and J-jC. Critical revision of the
manuscript for important intellectual content: All authors.
Statistical analysis: J-jC. Supervision: SB and J-jC. All authors read
and approved the final manuscript.

FUNDING

This work was supported by the Natural Science Foundation
Project of China (81901398, 81701360), the Natural Science
Foundation of Chongqing (cstc2021jcyj-msxmX0084,
cstc2019jcyj-msxmX0025), the Science and Technology
Research Program of Chongqing Municipal Education
Commission (Grant No. KJQN202100420) and the
Chongqing Yuzhong District Science & Technology
Commission (20190115).

Colasanto, M., Madigan, S., and Korczak, D. J. (2020). Depression and
Inflammation Among Children and Adolescents: A Meta-Analysis. J. Affect.
Disord. 277, 940-948. doi: 10.1016/j.jad.2020.09.025

Costa, D. V. S., Moura-Neto, V., Bolick, D. T., Guerrant, R. L., Fawad, J. A., Shin, J.
H., et al. (2021). S100B Inhibition Attenuates Intestinal Damage and Diarrhea
Severity During Clostridioides Difficile Infection by Modulating Inflammatory
Response. Front. Cell Infect. Microbiol. 11, 739874. doi: 10.3389/
fcimb.2021.739874

Dordevi¢, D., Jancikova, S., Vitézova, M., and Kushkevych, I. (2021). Hydrogen
Sulfide Toxicity in the Gut Environment: Meta-Analysis of Sulfate-Reducing
and Lactic Acid Bacteria in Inflammatory Processes. J. Adv. Res. 27, 55-69. doi:
10.1016/j.jare.2020.03.003

Dowlati, Y., Herrmann, N., Swardfager, W., Liu, H., Sham, L., Reim, E. K,, et al.
(2010). A Meta-Analysis of Cytokines in Major Depression. Biol. Psychiatry 67
(5), 446-457. doi: 10.1016/j.biopsych.2009.09.033

Duan, J., Huang, Y., Tan, X., Chai, T., Wu, J., Zhang, H., et al. (2021).
Characterization of Gut Microbiome in Mice Model of Depression With
Divergent Response to Escitalopram Treatment. Transl. Psychiatry 11 (1),
303. doi: 10.1038/s41398-021-01428-1

Farag, M. A., Abdelwareth, A., Sallam, L. E., El Shorbagi, M., Jehmlich, N., Fritz-
Wallace, K., et al. (2020). Metabolomics Reveals Impact of Seven Functional
Foods on Metabolic Pathways in a Gut Microbiota Model. J. Adv. Res. 23, 47—
59. doi: 10.1016/j.jare.2020.01.001

Ghaiad, H. R,, Elmazny, A. N., Nooh, M. M., El-Sawalhi, M. M., and Shaheen, A.
A. (2020). Long Noncoding Rnas APOAIl-as, IFNG-AS1, RMRP and Their
Related Biomolecules in Egyptian Patients With Relapsing-Remitting Multiple
Sclerosis: Relation to Disease Activity and Patient Disability. J. Adv. Res. 21,
141-150. doi: 10.1016/j.jare.2019.10.012

Grases-Pinto, B., Abril-Gil, M., Castell, M., Rodriguez-Lagunas, M. J., Burleigh, S., Fik
Haéllenius, F,, et al. (2019). Influence of Leptin and Adiponectin Supplementation
on Intraepithelial Lymphocyte and Microbiota Composition in Suckling Rats.
Front. Immunol. 10, 2369. doi: 10.3389/fimmu.2019.02369

Guan, W., Yang, S., Zhao, Y., Cheng, W., Song, X., Yao, Y., et al. (2021).
Observation of the Gut Microbiota Profile in C57BL/6 Mice Induced by
Plasmodium Berghei ANKA Infection. Front. Cell Infect. Microbiol. 11,
680383. doi: 10.3389/fcimb.2021.680383

Gui, S. W, Liu, Y. Y., Zhong, X. G., Liu, X., Zheng, P., Pu, J. C, et al. (2018).
Plasma Disturbance of Phospholipid Metabolism in Major Depressive
Disorder by Integration of Proteomics and Metabolomics. Neuropsychiatr.
Dis. Treat 14, 1451-1461. doi: 10.2147/NDT.S164134

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

March 2022 | Volume 12 | Article 831186


https://doi.org/10.1016/j.jare.2020.12.008
https://doi.org/10.1038/s41398-020-01130-8
https://doi.org/10.2147/JIR.S324922
https://doi.org/10.2147/JIR.S324922
https://doi.org/10.2147/JIR.S297930
https://doi.org/10.3389/fpsyt.2020.00541
https://doi.org/10.1016/j.psyneuen.2021.105640
https://doi.org/10.1016/j.psyneuen.2021.105640
https://doi.org/10.1155/2018/4593530
https://doi.org/10.1152/physiol.00047.2018
https://doi.org/10.3389/fnut.2021.667203
https://doi.org/10.18632/aging.102775
https://doi.org/10.2147/NDT.S159322
https://doi.org/10.1016/j.jad.2020.09.025
https://doi.org/10.3389/fcimb.2021.739874
https://doi.org/10.3389/fcimb.2021.739874
https://doi.org/10.1016/j.jare.2020.03.003
https://doi.org/10.1016/j.biopsych.2009.09.033
https://doi.org/10.1038/s41398-021-01428-1
https://doi.org/10.1016/j.jare.2020.01.001
https://doi.org/10.1016/j.jare.2019.10.012
https://doi.org/10.3389/fimmu.2019.02369
https://doi.org/10.3389/fcimb.2021.680383
https://doi.org/10.2147/NDT.S164134
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

Bai et al.

Inflammation-Related Factors for Diagnosing MDD

Guo, M,, Li, C,, Lei, Y., Xu, S., Zhao, D., and Lu, X. Y. (2017). Role of the Adipose
Ppary-Adiponectin Axis in Susceptibility to Stress and Depression/Anxiety-
Related Behaviors. Mol. Psychiatry 22 (7), 1056-1068. doi: 10.1038/mp.2016.225

Han, D., Gao, P, Li, R, Tan, P, Xie, J., Zhang, R, et al. (2020). Multicenter
Assessment of Microbial Community Profiling Using 16S Rrna Gene
Sequencing and Shotgun Metagenomic Sequencing. J. Adv. Res. 26, 111-121.
doi: 10.1016/j.jare.2020.07.010

Hidaka, B. H. (2012). Depression as a Disease of Modernity: Explanations for
Increasing Prevalence. J. Affect. Disord. 140 (3), 205-214. doi: 10.1016/
j.jad.2011.12.036

Huang, C. C,, Shen, M. H,, Chen, S. K, Yang, S. H, Liu, C. Y., Guo, J. W,, et al.
(2020). Gut Butyrate-Producing Organisms Correlate to Placenta Specific 8
Protein: Importance to Colorectal Cancer Progression. J. Adv. Res. 22, 7-20.
doi: 10.1016/j.jare.2019.11.005

Huang, Y., Shi, X,, Li, Z, Shen, Y., Shi, X, Wang, L., et al. (2018). Possible
Association of Firmicutes in the Gut Microbiota of Patients With Major
Depressive Disorder. Neuropsychiatr. Dis. Treat 14, 3329-3337. doi: 10.2147/
NDT.S188340

Jiang, H., Ling, Z., Zhang, Y., Mao, H., Ma, Z., Yin, Y., et al. (2015). Altered Fecal
Microbiota Composition in Patients With Major Depressive Disorder. Brain
Behav. Immun. 48, 186-194. doi: 10.1016/j.bbi.2015.03.016

Kameli, N., Borman, R., Lpez-Iglesias, C., Savelkoul, P., and Stassen, F. R. M.
(2021). Characterization of Feces-Derived Bacterial Membrane Vesicles and
the Impact of Their Origin on the Inflammatory Response. Front. Cell Infect.
Microbiol. 11, 667987. doi: 10.3389/fcimb.2021.667987

Khan, L, Pathan, S., Li, X. A,, Leong, W. K., Liao, W. L., Wong, V., et al. (2020). Far
Infrared Radiation Induces Changes in Gut Microbiota and Activates Gpcrs in
Mice. J. Adv. Res. 22, 145-152. doi: 10.1016/j.jare.2019.12.003

Khoshkam, Z., Aftabi, Y., Stenvinkel, P., Paige Lawrence, B., Rezaei, M. H,,
Ichihara, G., et al. (2021). Recovery Scenario and Immunity in COVID-19
Disease: A New Strategy to Predict the Potential of Reinfection. J. Adv. Res. 31,
49-60. doi: 10.1016/j.jare.2020.12.013

Kovacs, Z., Glover, L., Reidy, F., MacSharry, J., and Saldova, R. (2021). Novel
Diagnostic Options for Endometriosis-Based on the Glycome and
Microbiome. J. Adv. Res. 33, 167-181. doi: 10.1016/j.jare.2021.01.015

Leonard, B. E. (2018). Inflammation and Depression: A Causal or Coincidental
Link to the Pathophysiology? Acta Neuropsychiatr. 30 (1), 1-16. doi: 10.1017/
neu.2016.69

Li, B,, Guo, K., Zeng, L., Zeng, B., Huo, R, Luo, Y., et al. (2018). Metabolite
Identification in Fecal Microbiota Transplantation Mouse Livers and
Combined Proteomics With Chronic Unpredictive Mild Stress Mouse Livers.
Transl. Psychiatry 8 (1), 34. doi: 10.1038/541398-017-0078-2

Li, C.,, Meng, F., Garza, J. C,, Liu, ], Lei, Y., Kirov, S. A,, et al. (2021). Modulation of
Depression-Related Behaviors by Adiponectin Adiporl Receptors in 5-HT
Neurons. Mol. Psychiatry 26 (8), 4205-4220. doi: 10.1038/s41380-020-0649-0

Liu, J., Guo, M., Zhang, D., Cheng, S. Y., Liu, M., Ding, J., et al. (2012).
Adiponectin is Critical in Determining Susceptibility to Depressive
Behaviors and has Antidepressant-Like Activity. Proc. Natl. Acad. Sci. U.S.A.
109 (30), 12248-12253. doi: 10.1073/pnas.1202835109

Liu, X,, Teng, T., Li, X,, Fan, L., Xiang, Y., Jiang, Y., et al. (2021). Impact of Inosine
on Chronic Unpredictable Mild Stress-Induced Depressive and Anxiety-Like
Behaviors With the Alteration of Gut Microbiota. Front. Cell Infect. Microbiol.
11, 697640. doi: 10.3389/fcimb.2021.697640

Liu, L., Wang, H.,, Rao, X, Yu, Y., Li, W,, Zheng, P, et al. (2021). Comprehensive
Analysis of the Lysine Acetylome and Succinylome in the Hippocampus of Gut
Microbiota-Dysbiosis Mice. J. Adv. Res. 30, 27-38. doi: 10.1016/j.jare.2020.12.002

Li, H,, Zhang, X,, Xiang, C., Feng, C,, Fan, C,, Liu, M., et al. (2021). Identification of
Phosphodiesterase-4 as the Therapeutic Target of Arctigenin in Alleviating Psoriatic
Skin Inflammation. J. Adv. Res. 33, 241-251. doi: 10.1016/j.jare.2021.02.006

Lu, S., Tian, Y., Luo, Y., Xu, X., Ge, W., Sun, G, et al. (2021). Iminostilbene, a
Novel Small-Molecule Modulator of PKM2, Suppresses Macrophage
Inflammation in Myocardial Ischemia-Reperfusion Injury. J. Adv. Res. 29,
83-94. doi: 10.1016/j.jare.2020.09.001

Naseribafrouei, A., Hestad, K., Avershina, E., Sekelja, M., Linlokken, A., Wilson, R.,
et al. (2014). Correlation Between the Human Fecal Microbiota and Depression.
Neuro-Gastroenterol Motil. 26, 1155-1162. doi: 10.1111/nmo.12378

Nguyen, T. M. D. (2020). Adiponectin: Role in Physiology and Pathophysiology.
Int. . Prev. Med. 11, 136. doi: 10.4103/ijpvm.IJPVM_193_20

Nicolas, S., Debayle, D., Béchade, C., Maroteaux, L., Gay, A. S., Bayer, P, et al.
(2018). Adiporon, an Adiponectin Receptor Agonist Acts as an Antidepressant
and Metabolic Regulator in a Mouse Model of Depression. Transl. Psychiatry 8
(1), 159. doi: 10.1038/s41398-018-0210-y

Ouchi, N., and Walsh, K. (2007). Adiponectin as an Anti-Inflammatory Factor.
Clin. Chim. Acta 380 (1-2), 24-30. doi: 10.1016/j.cca.2007.01.026

Pan, X, Wen, S. W,, Kaminga, A. C, and Liu, A. (2020). Gut Metabolites and
Inflammation Factors in Non-Alcoholic Fatty Liver Disease: A Systematic Review
and Meta-Analysis. Sci. Rep. 10 (1), 8848. doi: 10.1038/s41598-020-65051-8

Park, M., Choi, J., and Lee, H. J. (2020). Flavonoid-Rich Orange Juice Intake and
Altered Gut Microbiome in Young Adults With Depressive Symptom: A
Randomized Controlled Study. Nutrients 12 (6), 1815. doi: 10.3390/nu12061815

Peng, ], Wang, J. Y, Huang, H. F, Zheng, T. T, Li, ], Wang, L. ], et al. (2021).
Adiponectin Deficiency Suppresses Rhabdomyosarcoma Associated With Gut
Microbiota Regulation. BioMed. Res. Int. 2021, 8010694. doi: 10.1155/2021/8010694

Piacentino, D., Grant-Beurmann, S., Vizioli, C., Li, X, Moore, C. F., Ruiz-Rodado,
V., et al. (2021). Gut Microbiome and Metabolome in a Non-Human Primate
Model of Chronic Excessive Alcohol Drinking. Transl. Psychiatry 11 (1), 609.
doi: 10.1038/s41398-021-01728-6

Rana, T.,Behl, T\, Sehgal, A., Singh, S., Sharma, N., Abdeen, A., etal. (2022). Exploring the
Role of Neuropeptides in Depression and Anxiety. Prog. Neuropsychopharmacol.
Biol. Psychiatry 114, 110478. doi: 10.1016/j.pnpbp.2021.110478

Sae-Khow, K., Charoensappakit, A., Visitchanakun, P., Saisorn, W., Svasti, S.,
Fucharoen, S., et al. (2020). Pathogen-Associated Molecules From Gut
Translocation Enhance Severity of Cecal Ligation and Puncture Sepsis in
Iron-Overload B-Thalassemia Mice. J. Inflamm. Res. 13, 719-735. doi: 10.2147/
JIR.S273329

Tian, T., Mao, Q., Xie, J., Wang, Y., Shao, W.-h., Zhong, Q., et al. (2021). Multi-
Omics Data Reveals the Disturbance of Glycerophospholipid Metabolism
Caused by Disordered Gut Microbiota in Depressed Mice. J. Adv. Res.
doi: 10.1016/j.jare.2021.10.002

Wachowska, K., and Gatecki, P. (2021). Inflammation and Cognition in Depression:
A Narrative Review. J. Clin. Med. 10 (24), 5859. doi: 10.3390/jcm10245859

Walton, G. E., Gibson, G. R,, and Hunter, K. A. (2021). Mechanisms Linking the
Human Gut Microbiome to Prophylactic and Treatment Strategies for
COVID-19. Br. J. Nutr. 126 (2), 219-227. doi: 10.1017/S0007114520003980

Wang, J., Ding, Q., Yang, Q., Fan, H, Yu, G,, Liu, F, et al. (2021). Vibrio
Alginolyticus Triggers Inflammatory Response in Mouse Peritoneal
Macrophages via Activation of NLRP3 Inflammasome. Front. Cell Infect.
Microbiol. 11, 769777. doi: 10.3389/fcimb.2021.769777

Wang, X. Q,, Tang, Y. H,, Zeng, G. R,, Wu, L. F,, Zhou, Y. J,, Cheng, Z. N., et al.
(2021). Carnosic Acid Alleviates Depression-Like Behaviors on Chronic Mild
Stressed Mice via PPAR-y-Dependent Regulation of ADPN/FGF9 Pathway.
Psychopharmacol. (Berl) 238 (2), 501-516. doi: 10.1007/s00213-020-05699-2

Wu, M., Tian, T., Mao, Q., Zou, T., Zhou, C. J., Xie, J., et al. (2020). Associations
Between Disordered Gut Microbiota and Changes of Neurotransmitters and
Short-Chain Fatty Acids in Depressed Mice. Transl. Psychiatry 10 (1), 350. doi:
10.1038/s41398-020-01038-3

Yao, H., Fan, C,, Lu, Y., Fan, X,, Xia, L., Li, P., et al. (2020). Alteration of Gut
Microbiota Affects Expression of Adiponectin and Resistin Through
Modifying DNA Methylation in High-Fat Diet-Induced Obese Mice. Genes
Nutr. 15 (1), 12. doi: 10.1186/s12263-020-00671-3

Zhang, H., Huang, Y., Chen, S., Tang, C., Wang, G., Du, J,, et al. (2021). Hydrogen
Sulfide Regulates Insulin Secretion and Insulin Resistance in Diabetes Mellitus,
a New Promising Target for Diabetes Mellitus Treatment? A Review J. Adv. Res.
27, 19-30. doi: 10.1016/j.jare.2020.02.013

Zhang, C., Xiong, B., Chen, L., Ge, W., Yin, S., Feng, Y., et al. (2021). Rescue of
Male Fertility Following Faecal Microbiota Transplantation From Alginate
Oligosaccharide-Dosed Mice. Gut 70 (11), 2213-2215. doi: 10.1136/gutjnl-
2020-323593

Zhan, Y., Yang, Y. T., You, H. M., Cao, D,, Liu, C. Y., Zhou, C. J,, et al. (2014).
Plasma-Based Proteomics Reveals Lipid Metabolic and Immunoregulatory
Dysregulation in Post-Stroke Depression. Eur. Psychiatry 29 (5), 307-315.
doi: 10.1016/j.eurpsy.2014.03.004

Zheng, P., Zeng, B., Zhou, C., Liu, M., Fang, Z., Xu, X, et al. (2016). Gut
Microbiome Remodeling Induces Depressive-Like Behaviors Through a
Pathway Mediated by the Host’s Metabolism. Mol. Psychiatry 21 (6), 786-
796. doi: 10.1038/mp.2016.44

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

March 2022 | Volume 12 | Article 831186


https://doi.org/10.1038/mp.2016.225
https://doi.org/10.1016/j.jare.2020.07.010
https://doi.org/10.1016/j.jad.2011.12.036
https://doi.org/10.1016/j.jad.2011.12.036
https://doi.org/10.1016/j.jare.2019.11.005
https://doi.org/10.2147/NDT.S188340
https://doi.org/10.2147/NDT.S188340
https://doi.org/10.1016/j.bbi.2015.03.016
https://doi.org/10.3389/fcimb.2021.667987
https://doi.org/10.1016/j.jare.2019.12.003
https://doi.org/10.1016/j.jare.2020.12.013
https://doi.org/10.1016/j.jare.2021.01.015
https://doi.org/10.1017/neu.2016.69
https://doi.org/10.1017/neu.2016.69
https://doi.org/10.1038/s41398-017-0078-2
https://doi.org/10.1038/s41380-020-0649-0
https://doi.org/10.1073/pnas.1202835109
https://doi.org/10.3389/fcimb.2021.697640
https://doi.org/10.1016/j.jare.2020.12.002
https://doi.org/10.1016/j.jare.2021.02.006
https://doi.org/10.1016/j.jare.2020.09.001
https://doi.org/10.1111/nmo.12378
https://doi.org/10.4103/ijpvm.IJPVM_193_20
https://doi.org/10.1038/s41398-018-0210-y
https://doi.org/10.1016/j.cca.2007.01.026
https://doi.org/10.1038/s41598-020-65051-8
https://doi.org/10.3390/nu12061815
https://doi.org/10.1155/2021/8010694
https://doi.org/10.1038/s41398-021-01728-6
https://doi.org/10.1016/j.pnpbp.2021.110478
https://doi.org/10.2147/JIR.S273329
https://doi.org/10.2147/JIR.S273329
https://doi.org/10.1016/j.jare.2021.10.002
https://doi.org/10.3390/jcm10245859
https://doi.org/10.1017/S0007114520003980
https://doi.org/10.3389/fcimb.2021.769777
https://doi.org/10.1007/s00213-020-05699-2
https://doi.org/10.1038/s41398-020-01038-3
https://doi.org/10.1186/s12263-020-00671-3
https://doi.org/10.1016/j.jare.2020.02.013
https://doi.org/10.1136/gutjnl-2020-323593
https://doi.org/10.1136/gutjnl-2020-323593
https://doi.org/10.1016/j.eurpsy.2014.03.004
https://doi.org/10.1038/mp.2016.44
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

Bai et al.

Inflammation-Related Factors for Diagnosing MDD

Zhou, Y., Chen, C,, Yu, H,, and Yang, Z. (2020). Fecal Microbiota Changes in
Patients With Postpartum Depressive Disorder. Front. Cell Infect. Microbiol.
10, 567268. doi: 10.3389/fcimb.2020.567268

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Bai, Bai, Li, Zhong, Xie and Chen. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

March 2022 | Volume 12 | Article 831186


https://doi.org/10.3389/fcimb.2020.567268
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

	Gut Microbiota-Related Inflammation Factors as a Potential Biomarker for Diagnosing Major Depressive Disorder
	Background
	Methods
	MDD Patients and HCs Recruitment
	Fecal Gut Microbiota Compositions Detection
	Serum Biochemical Indicator and Blood Routine Detecting
	Statistical Analysis

	Results
	Gut Microbiota Compositions in Two Groups
	Gut Microbiota Alterations in MDD Patients
	Differential Inflammation-Related Factors in MDD Patients
	Correlations of Differential Variables
	HDRS-Related Differential Variables
	Potential Biomarkers for Diagnosing MDD

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


