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Abstract
Background Major depressive disorder (MDD) and general anxiety disorder (GAD) share many common features,
leading to many challenges in their differential diagnosis. Given the importance of the microbiota-gut-brain axis, we
aimed to investigate the differences in gut microbiota between representative cases of these two diseases and
sought to develop a microbiome-based approach for their differential diagnosis.

Methods We enrolled 23 patients with MDD, 21 patients with GAD, and 10 healthy subjects (health control, HC) in the
present study. We used 16S rRNA gene sequencing analysis to determine the microbial compositions of gut
microbiome based on Illumina Miseq according to Illumina’s standard protocol.

Results We found that patients with MDD or GAD exhibited signi�cant differences in the relative abundance of gut
microbiota. We identi�ed the microbial signatures of subjects with MDD and GAD relative to HC and found
differences in levels of Faecalibacterium and LachnospiraceaeND3007group. Moreover, we also found correlations
between the bacteria and neuroendocrine and clinical symptoms, namely, a signi�cant negative correlation between
Fusicatenibacter and free thyroxine(FT4) in MDD, signi�cant negative correlation between Fusicatenibacter and
cortisol (PTC) in GAD, positive correlation between LachnospiraceaeND3007group and sleep disturbance factor of
Hamilton Depression Rating Scale, and negative correlation between LachnospiraceaeND3007group and PTC (all
P<0.05).

Conclusions The present study elucidated a unique gut microbiome signature associated with MDD and GAD that
could facilitate differential diagnosis and targeted therapy.

Background
Anxiety and depression are two common disorders that show high comorbidity[1-3]. Although they share a number of
causal and descriptive features, there are some differences in the clinical features and etiological factors associated
with each disorder [4]. The separation of anxiety and depression disorders is extremely important for the elucidation
of underlying mechanisms and the development of speci�c pharmacological and psychological treatments.
Although a large number of studies have distinguished anxiety and depression from the perspective of
symptomatology and psychological, social, and physiological etiology[5-8], there is still no convincing evidence to
distinguish between the two.

A growing body of evidence indicates that gut microbiota play a crucial role in modulating both brain function and
human behavior[9]. Furthermore, differences in gut microbiota have been identi�ed in a variety of psychiatric
diseases, including depression, bipolar disorder, and schizophrenia[10, 11], and several animal models of psychiatric
diseases[12-14]. There is evidence for altered microbiota composition in depressed individuals[15-17], with levels of
Faecalibacterium negatively correlating with symptom severity[18]. Studies have also shown that probiotic
administration of Bi�dobacterium longum and Lactobacillus helveticus could decrease anxiety[19-21]. Recent
studies have suggested that the change in intestinal micro�ora may be used as a biomarker for the diagnosis and
monitoring of depression[22, 23]. Zheng et al. recently identi�ed distinct gut microbial compositions in major
depressive disorder (MDD) compared to bipolar disorder (BD) and provided a novel marker panel to distinguish MDD
from BD based on gut microbiome signatures[24].

To date, there is no information about the differences in intestinal �ora as a biological marker for the identi�cation of
anxiety and depression. The purpose of this study was to compare the differences in intestinal �ora of patients with
diagnoses of anxiety to those with diagnoses of depression to determine whether intestinal �ora can help to
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distinguish between these two groups. To achieve this, we examined MDD without obvious anxiety symptoms and
GAD without obvious depressive symptoms and used 16S rRNA gene sequencing analysis to maintain the purity of
clinical representation and help distinguish between the differences in intestinal �ora in these two diseases.
Additionally, we analyzed the effects of different bacteria on clinical symptoms and the neuroendocrine system to
further explore the function of these bacteria.

Methods
Subjects

Patients with MDD and GAD and normal control subjects participated in the present study. Both the MDD patients
and GAD patients consisted of a series of outpatients who received treatment at the West China Hospital from
January 2019 to June 2019. All samples are from Chengdu, Sichuan, China, which is a relatively geographically
closed area and people residing in it have similar eating habits. The patients were diagnosed according to the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [25]at the �rst clinical examination; the diagnoses
were con�rmed by two psychiatrists. Patients younger than 18 years or older than 45 years, with organic etiology for
their psychiatric symptoms, or psychotic features, or mental retardation were excluded. The normal control subjects
were 10 worker volunteers, aged between 18 and 45 years, and without current or past major psychiatric disorders.
Subjects with the following conditions were also excluded: hypertension; cardiovascular disease; diabetes mellitus;
obesity; liver cirrhosis; fatty liver disease; irritable bowel syndrome; in�ammatory bowel disease; drug or alcohol
abuse in the last year; use of antibiotics, probiotics, prebiotics, or synbiotics in the six months before collection of the
fecal sample; known active bacterial, fungal, or viral infections; and obvious dietary preferences (e.g., vegetarians).
To minimize the impact of comorbidities, we also excluded GAD patients with a lifetime history of major depressive
episodes and/or with a comorbid diagnosis of depression or 24-items Hamilton Depression Rating Scale (HAD) ≥ 20
and MDD patients with a lifetime history of anxiety episodes and/or with a comorbid diagnosis of any type of
anxiety disorder or 14-items Hamilton Anxiety Rating Scale (HAMA) ≥ 14 from the study.

Neuroendocrine hormone analysis

The hypothalamic-pituitary-thyroid (HPT) axis test indicators include thyroid-stimulating hormone (TSH, normal
value: 0.27–4.2 mU/L), triiodothyronine (T3, normal value: 1.3–3.1 mmol/L), thyroxine (T4, normal values: 62.0–
164.0 mmol/L), free triiodothyronine (FT3, normal value: 3.6–7.5 pmol/L), and free thyroxine (FT4, normal value:
12.0–22.0 pmol/L). The hypothalamic-pituitary-adrenal (HPA) axis test indicators include Corticotropin (ACTH,
normal value: 5.0–78.0 ng/L) and 8:00 a.m. cortisol (PTC, normal value: 147.3–609.3 mmol/L). Fasting venous
blood was taken by drawing 4 mL of cubital venous blood at 8 a.m. after overnight fasting. All of the analyses were
performed the Roche Cobas e601 via an electrochemiluminescence method. All reagents and calibrations were from
Roche's original kit.

Sample collections and DNA extraction

Fecal samples were immediately frozen on collection in a sterile plastic cup and stored at −80 °C before analysis.
Microbial genomic DNA was extracted using the QIAamp DNA Stool Mini Kit according to the instructions (Qiagen,
Hilden, Germany). The 16S rRNA V3 amplicons were generated using the NIH Human Microbiome Project protocols
(16S 454 Sequencing Protocol HMP Consortium ,https://www.hmpdacc.org).

16S rRNA gene sequencing analysis



Page 4/16

Libraries were prepared and subjected to paired-end sequencing with Illumina Miseq by following Illumina’s standard
protocol [26]. These QIIME2 16S rRNA sequencing protocols were used to pick and analyze operational taxonomic
units (OTUs) [27].

Bioinformatics and statistical analysis

The sequence.index �le was used to identify and extract the sample data saved in FASTQ format. Barcodes and the
primers in the beginning and the end were used to identify and select sequence reads. The sequence number of each
sample was normalized, and OTUs with 97% identity thresholds were used by the UPARSE (version 7.1
http://drive5.com/uparse/) software program. Chimeric sequences were identi�ed and removed using UCHIME
(version 4.1 http://drive5.com/uchime/). The taxonomy of each 16S rRNA gene sequence was analyzed by RDP
Classi�er (http://rdp.cme.msu.edu/) using the SILVA (SSU 115) 16S rRNA database at a con�dence threshold of 70%
[28].

Gut-microbiota-speci�c microbial characteristics (genes, pathways, or taxa) were analyzed using the linear
discriminant analysis (LDA) effect size (LEfSe) method (http://huttenhower.sph.harvard.edu/galaxy/), which
emphasizes both statistical signi�cance and biological relevance.The Kruskal–Wallis test was used to compare the
relative abundance of microbes identi�ed by 16S rRNA sequencing.

Statistical analyses were performed using SPSS version 21(SPSS, Chicago, IL, USA). One-way ANOVA was used to
compare the continuous variables including age, BMI, and clinical scales. Fisher's exact test was used for the
analysis of contingency tables.Chi-Square method was used to compare the variables of all three groups.

Results
Demographic features

We collected 54 fecal samples from the study participants, including 10 subjects in the healthy crowd (HC) group, 23
in the MDD group, and 21 in the GAD group. The mean age at assessment was 30.04±5.90 years for the MDD group,
30.43±7.59 years for the GAD group, and 30.22±6.50 years for the HC group; no signi�cant difference was found
between the groups by one-way analysis of variance (ANOVA). The BMI, sex ratio, marital status, and family history
were not signi�cantly different among the three groups (Table 1).

Table 1 Clinical and demographic characteristics of MDD and GAD patients and HC individuals

http://drive5.com/uparse/
http://huttenhower.sph.harvard.edu/galaxy/
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GROUP MDD n=23 GAD (n=21) HC (n=10) P

Age (years, Mean±SD) 30.04±5.90 30.43±7.95 30.22±6.50 0.982

BMI (Mean±SD) 21.87±3.00 21.19±2.89 21.45±2.80 0.743

HAMD-24 (Mean±SD) 29.26±7.51 12.10±5.25 NA < 0.001

HAMA (Mean±SD) 8.00±3.55 23.71±7.30 NA < 0.001

Sex, n (%)       0.929†

Male 7 (30.43) 7 (33.33) 4 (40.00)  

Female 16 (69.57) 14 (66.67) 6 (60.00)  

Marital status, n (%)       0.935†

Never married 9 (39.13) 8 (38.10) 3 (30.00)  

Married 14 (60.87) 13 (61.90) 7 (70.00)  

Family history, n (%)     NA 0.481‡

Yes 4 (17.39) 6 (28.57)    

No 19 (82.61) 15 (71.43)    

† Fisher's exact probability method was used.

‡ Chi-square test was used.

Analysis of 16S data

Accounting for 70% of the valid sequences, we obtained 1,620,000 high-quality sequences from 54 fecal samples of
all participants: the HC group contains 630,000 sequences, the MDD group contains 690,000 sequences, and the
GAD group contains 300,000 sequences. In particular, we obtained 10,996 species-level OTUs from the HC group,
14,406 OTUs from the MDD group, and 15,010 OTUs from the GAD group (Table 2). Venn analysis results show that
5069 OTUs were common to all three groups (Fig. 1).

Table 2 Comparison of phylotype coverage and diversity estimation of 16S rRNA gene libraries at 97% similarity from
sequencing analysis

Group Number
of

reads

Number
of

OTUs†

Coverage
(%)‡

Richness estimator Diversity index

ACE 95% CI Chao 95% CI Shannon Simpson Evenness§

HC 630000 10996 97.19
4257.84

4031.74–
4506.03 3090.89

2840.24–
3395.07

4.733331714 0.032098
0.354556683

MDD 690000 14406 97.47
3762.74

3557.59–
3989.13 2790.49

2562.74–
3069.66

4.647938217 0.036133
0.34454694

GAD 300000 15010 96.15
5978.93

5689.91–
6291.70 4170.2

3857.99–
4538.97

5.017976 0.025108
0.397936241

† The operational taxonomic units (OTUs) were defined with 97% similarity level.

‡ The coverage percentage, richness estimators (ACE and Chao), and diversity indices (Shannon and Simpson) were
calculated using Good’s method and the mothur package, respectively.
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§ The Shannon index of evenness was calculated with the formula E = H/ln(S), where H is the Shannon diversity index and S
is the total number of sequences in that group.

The richness of gut bacterial communities in all three groups was estimated by ACE and Chao, and the diversity was
estimated by using the Shannon diversity index and Simpson diversity index. ACE and Chao analysis showed that
most of the gut microbial diversity in each sample had been captured with the current sequencing depth. After
rarefying the sequencing depth among all of the samples using a bootstrap method (30,000 reads per sample),
Shannon diversity index and Simpson diversity index estimates were calculated. There was no signi�cant difference
in richness and diversity between HC and MDD in this study. However, GAD showed signi�cant difference in richness
and diversity of the microbiota compared to HC (Fig. 2).

Analysis of fecal bacterial community

We analyzed the gut bacterial composition and relative abundance at the phylum level. Compared with the HC group,
we found a considerable increase in the relative abundance of Proteobacteria and Actinobacteria in MDD and a
considerable decrease in the relative abundance of Bacteroidetes. Compared with the HC group, the relative
abundance of Fusobacteria, Tenericutes, and Verrucomicrobia increased and that of Firmicutes decreased in GAD;
there was no obvious change in phylum levels. Compared with the MDD group, we found an increase in the relative
abundance of Fusobacteria, Tenericutes, Verrucomicrobia, and Bacteroidetes, but a decrease in the relative
abundance of Proteobacteria, Actinobacteria, and Firmicutes in the GAD group (Fig. 3a). At the family level,
compared with the HC group, we found that the counts of some bacteria, such as Desulfovibrionaceae, were
considerably reduced in the GAD and MDD patients. However, levels of bacteria, such as Enterobacteriaceae, were
considerably higher in MDD patients, but showed no change in GAD patients. The levels of nine species, including
Fusobacteriaceae, did not change in MDD patients, but were higher in GAD patients (Fig. 3b). At the genus level,
compared with the HC group, we found that the levels of Megamonas were remarkably reduced in GAD and MDD
patients. The counts of bacteria, such as Faecalibacterium, were higher in MDD patients, but showed no change in
GAD patients. Compared with the HC group, the levels of Bacteroides did not change in MDD patients, but increased
in GAD patients (Fig. 3c).

In summary, we found that patients with MDD or GAD showed considerable changes in the gut microbiota, and there
were differences in the relative abundance of gut microbiota in patients with MDD and GAD.

Analysis of the differences in gut microbiota

Analysis of the differences among the three groups at the genus level revealed signi�cant differences in the gut
microbiota (P<0.05) (Fig. 4a). Compared with HC individuals, we found that levels of Butyricimonas, Megamonas,
Fusicatenibacter, Sutterella, Coprococcus_3, Bergeyell , Bilophila, Acinetobacter, Ruminococcus_2, and Rothia were
signi�cantly different in MDD patients. To identify key signi�cant differences between MDD and HC individuals, we
analyzed the metagenome data by using the LEfSe method (Fig. 4b). We found that Butyricimonas, Megamonas,
Fusicatenibacter, Sutterella, Coprococcus_3, Bergeyella, and Bilophila were abundant in HC, and Acinetobacter,
Ruminococcus_2, and Rothia were abundant in MDD. Additionally, we found that Butyricimonas,
Christensenellaceae_R_7_group, Megamonas, Sutterella, Fusicatenibacter, Haemophilus, Coprococcus_3, and
Lachnospira were abundant in the HC, and Lactobacillus, Hungatella, Coprobacter and Flavonifractor were abundant
in the GAD (Fig. 4c). Of note, we found that levels of Faecalibacterium, Sutterella, some Bacteroides, and some
Carnobacterium showed clear differences between MDD and GAD patients. To identify key signi�cant differences
between MDD and GAD, we used the LEfSe method to analyze the metagenome data (Fig. 4d). We found that
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Sutterella, Burkholderiaceae, and betaproteobacteriales were abundant in GAD patients, whereas Faecalibacterium,
Klebsiella, Ruminococcus, Rothia, and Subdoligranulum were abundant in MDD patients. These were the dominant
phylotypes that contributed to the differences between the intestinal microbiota of GAD and MDD patients.

Relationship between gut microbiota and clinical parameters

We evaluated correlations among the relative abundance of bacterial genera, the hormones (including PTC, ACTH,
FT3, FT4, TT3, TT4, and TSH), the total and factor scores of HAM-D (Hopelessness, Sleep disturbance, Block,
Diurnal/variation, Cognitive impairment, Weight and Anxiety/somatic) in the MDD group and the total and factor
scores of HAM-A (Psychic anxiety and Somatic anxiety) in the GAD group. Compared with the GAD group, we found
signi�cant differences at the genus level forFusicatenibacter, LachnospiraceaeND3007group, Coprococcus3,
Faecalibacterium, norank_Firmicutes, ChristensenellaceaeR7group, Gutmetagenome, and norank_Proteobacteria in
MDD patients (Fig .5a). We observed that ChristensenellaceaeR7group negatively correlated with the total score and
Hopelessness factor of HAM-D and ACTH (P<0.05, Fig. 5b, c, d), Coprococcus3 and LachnospiraceaeND3007group
negatively correlated with PTC (P<0.05, Fig. 5e g), LachnospiraceaeND3007group positively correlated with Sleep
disturbance factor of HAM-D (P<0.05, Fig. 5f), Fusicatenibacter negatively correlated with FT4 (P<0.05, Fig. 5h), and
other key phylotypes showed no strong correlation. Fusicatenibacter, LachnospiraceaeND3007group, Coprococcus3,
Faecalibacterium, norank_Firmicutes, ChristensenellaceaeR7group, Gutmetagenome, and norank_Proteobacteria
showed signi�cant interindividual variability in GAD (Fig. 5i). In the GAD group, we found that
ChristensenellaceaeR7group, LachnospiraceaeND3007group, and Fusicatenibacter negatively correlated with PTC
(P<0.05, Fig. 5j, k, l), whereas other key phylotypes showed no strong correlation.

Discussion
Human intestinal �ora interact with the central nervous system via immune, biochemical, and neuroendocrine
pathways, leading to neuropsychiatric diseases such as anxiety and depression[29]. This study is the �rst to
characterize the gut microbial composition of MDD and GAD in comparison to each other and to healthy individuals
(HC). We identi�ed unique microbial signatures of subjects with MDD and GAD relative to HC, which can help to
distinguish MDD from GAD, as well as to help identify novel therapeutic targets for MDD and GAD.

Bacterial abundance has been recently linked to disease. Parabacteroides is an important species in the human body
whose abundance has been negatively correlated with the status of obesity and other diseases, suggesting that it
may play a positive regulatory role in glucose and lipid metabolism[30].

 In this study, we found that most of the bacteria were similar in abundance and composition with only a few
changes that may be important in causing depression or anxiety. Both MDD and GAD patient samples were rich in
Parabacteroides, Prevotella, Acetitomaculum, Escherichia-Shigella, and Dialister, and there were no signi�cant
differences in these bacteria compared with the HC samples (Suppl.S.) We believe that this is because these bacteria
help in maintaining normal physiological functions..

 Furthermore, we found that intestinal �ora of patients with depression is similar to that of normal people, whereas
intestinal �ora of patients with anxiety disorders is different in terms of the genus (ACE, Chao, Shannon, and
Simpson). The composition of intestinal micro�ora is complex and is subject to various factors such as gender,
genetics, age, region, drugs, and diet[31]. The content of microbes such as archaea, fungi, and especially of bacteria
is critical for the development of disease. The dominant �ora are Firmicutes and Bacteroides, which account for over
98% of the intestinal microbiota[32]. We identi�ed unique microbial signatures of subjects with MDD and GAD
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relative to HC, which can help to distinguish MDD from GAD as well as to help identify novel therapeutic targets for
MDD and GAD. We found that the order of dominant �ora in patients with depression or anxiety was Bacteroidetes >
Firmicutes > Proteobacteria > Actinobacteria. But the relative abundance of these bacteria is different: Bacteroidetes
(HC=GAD>MDD), Firmicutes (MDD>HC>GAD), Proteobacteria (MDD>GAD>HC), and Actinobacteria (MDD>GAD>HC).
Similar differences were observed in relative abundance at the family and genus levels. Altogether, nine species of
bacteria showed signi�cant variation between MDD and GAD patients at the genus level: Fusicatenibacter,
LachnospiraceaeND3007group, Coprococcus3, Sutterella, Faecalibacterium, norank_Firmicutes,
ChristensenellaceaeR7group, Gutmetagenome, and norank_Proteobacteria.

We also found signi�cant correlation between some bacteria and the clinical symptoms such as a negative
correlation between ChristensenellaceaeR7group and the factor score of hopelessness or the total HAM-D score
negative correlation between LachnospiraceaeND3007group and the factor score of sleep disturbance of HAM-D in
MDD patients. Jiang et al. found that the abundance of Faecalibacterium negatively correlated with symptom
severity[18]; our results further validate this association.

In addition, we found a correlation between the bacteria and the HPA axis in the form of signi�cant negative
correlations between ChristensenellaceaeR7group and ACTH, Coprococcus3 and PTC,
LachnospiraceaeND3007group and PTC in MDD and between PTC and ChristensenellaceaeR7group,
LachnospiraceaeND3007group, or Fusicatenibacter in GAD. Numerous studies have veri�ed the association between
the HPT or HPA systems and the onset of depression and anxiety[33, 34]. Sudo et al. found that intestinal �ora
played an important role in maintaining the normal activity of the HPA axis[35]; hence, absence of the gut microbiota
exacerbates the neuroendocrine and behavioral responses to acute stress[36-38]. Abnormal HPT axis function is
another contributor to the possible pathogenesis of depression. Brownlie et al. proposed that a dynamic decrease in
thyroid hormone levels, especially of FT3 and FT4[39], could be related to the occurrence of depression. In this study,
we also found a correlation between microbiota and the hormones of the HPT axis in the form of a signi�cant
negative correlation between Fusicatenibacter and FT4 in MDD. These observations suggest that abnormal intestinal
microbiota may affect the HPA and HPT axes, which may be why individuals have different clinical phenotypes
including anxiety and depression and which warrants further study to elucidate the mechanism underlying the
correlation.

This study has some limitations. First, the sample size of this study is relatively small because of which there may be
sampling bias. Second, the 16S rRNA gene sequencing used in this study has limited functional information; whole-
genome sequencing and whole-macrotranscriptome sequencing need to be performed in future studies.

Conclusions
In summary, we found that patients with MDD or GAD exhibited signi�cant changes in the gut microbiota, and there
were differences in the relative abundance of gut microbiota in these patients with MDD and GAD. We identi�ed the
microbial signatures of subjects with MDD and GAD relative to HC. We found differences in Faecalibacterium and
LachnospiraceaeND3007group between MDD and GAD. Moreover, we also found correlation between the bacteria
and neuroendocrine and clinical symptoms such as a signi�cant negative correlation between Fusicatenibacter and
FT4 in MDD, a signi�cant negative correlation between Fusicatenibacter and PTC in GAD, a positive correlation
between LachnospiraceaeND3007group and Sleep disturbance factor of HAM-D, and a negative correlation between
LachnospiraceaeND3007group and PTC. We concluded that intestinal micro�ora might serve as molecular markers
that distinguish MDD from GAD.
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Abbreviations
MDD: major depressive disorder; GAD: general anxiety disorder; HC: health control; BD: bipolar disorder; DSM:
Diagnostic and Statistical Manual of Mental Disorders ; HAMD: Hamilton Depression Rating Scale; HAMA: Hamilton
Anxiety Rating Scale; HPT: hypothalamic-pituitary-thyroid; TSH: thyroid-stimulating hormone; T3: triiodothyronine; T4:
thyroxine; FT3: free triiodothyronine; FT4: free thyroxine; HPA: hypothalamic-pituitary-adrenal; ACTH: Corticotropin;
PTC: cortisol; LDA: linear discriminant analysis ; LEfSe: linear discriminant analysis effect size; OTUs: operational
taxonomic units.
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Figure 1

The Venn diagram shows common and unique OTUs. Overlap indicates the common OTUs in multiple groups;
nonoverlapping areas indicate unique OTUs

Figure 2

Analysis of variation in richness (ACE and Chao indices) and diversity (Simpson and Shannon indices). MDD
compared with HC: no signi�cant difference in the richness and diversity; GAD compared with HC: signi�cant
difference in richness and diversity, * indicates P < 0.05, ** indicates P < 0.01. MDD compared with GAD: no
signi�cant difference in richness and diversity.
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Figure 3

Differences in abundance of �ora were analyzed with heat maps. In the heatmap legends, red indicates high content,
and blue indicates low content. a) Phylum level; b) Family level; c) Genus levels.
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Figure 4

Taxonomic differences in fecal microbiota between HC, MDD, and GAD groups. (a) Comparison of relative
abundance at bacterial genus levels between two groups. * indicates P < 0.05. (b–d) LEfSe identi�ed the most
differentially abundant taxons between two groups. Taxonomic cladogram obtained from LEfSe analysis of 16S
sequences.
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Figure 5

Relationship between gut microbiota and clinical parameters. (a) Correlation between gut microbiota and clinical
parameters in MDD patients, positive (+) indicates positive correlation, negative (-) indicates negative correlation; (b–
h) Linear correlation of gut microbiota with clinical parameters of the MDD group by Spearman method. (i)
Correlation of gut microbiota with clinical parameters in GAD patients, positive (+) indicates positive correlation,
negative (-) indicates negative correlation; (j–l) Linear correlation of gut microbiota with clinical parameters of GAD
patients by Spearman method.


