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Abstract

Background: The antibacterial effects of psychotropics may be part of their pharmacological effects when treating depression. 
However, limited studies have focused on gut microbiota in relation to prescribed medication.
Method: We longitudinally investigated the relationship between patients’ prescribed medications and intestinal bacterial 
diversity in a naturalistic treatment course for patients with major depressive disorders and anxiety disorders. Patients 
were recruited and their stool was collected at 3 time points during their usual psychiatric treatments. Gut microbiota were 
analyzed using 16S rRNA gene sequencing. We examined the impact of psychotropics (i.e., antidepressants, anxiolytics, 
antipsychotics) on their gut microbial diversity and functions.
Results: We collected 246 stool samples from 40 patients. Despite no differences in microbial diversity between medication groups 
at the baseline, over the course of treatment, phylogenic diversity whole-tree diversity decreased in patients on antipsychotics 
compared with patients without (P = .027), and beta diversity followed this trend. Based on a fixed-effect model, antipsychotics 
predicted microbial diversity; the higher doses correlated with less diversity based on the Shannon index and phylogenic 
diversity whole tree (estimate = −0.00254, SE = 0.000595, P < .0001; estimate = −0.02644, SE = 0.00833, P = .002, respectively). 
Conclusion: Antipsychotics may play a role in decreasing the alpha diversity of the gut microbiome among patients with 
depression and anxiety, and our results indicate a relationship with medication dosage. Future studies are warranted and 
should consider patients’ types and doses of antipsychotics in order to further elucidate the mechanisms of gut-brain 
interactions in psychiatric disorders.
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Introduction
The number of microorganisms in the microbiome of the 
human gastrointestinal tract has been reported to be almost 
equal to the number of cells in the human body elsewhere 
(Sender et al., 2016). These microorganisms assist in balancing 
our homeostasis by protecting us from pathogenic microbes, 
producing essential vitamins, strengthening gut integrity, and 
shaping the intestinal epithelium (Natividad and Verdu, 2013). 
Factors such as drugs (Maier et al., 2018), food habits (Senghor 
et  al., 2018), nationality (Kovatcheva-Datchary et  al., 2015), 
and age (Odamaki et al., 2016) are known to influence the gut 
microbiota composition. Moreover, recent studies have shown 
relationships between the gut microbiome and the brain: the 
so-called “microbiome-gut-brain axis” (Vuong et  al., 2017). 
The dysregulation of the gut microbiota, known as dysbiosis, 
can affect the body’s immune response by activating the im-
mune system or mediators that are able to penetrate the 
blood-brain barrier or other chemical-related substances such 
as tryptophan, which can freely enter the brain (Maes et al., 
2012). The relationship between psychiatric disorders and gut 
microbiota is being actively investigated, with altered micro-
bial compositions reported in disorders such as depression, 
schizophrenia, bipolar disorder, autism spectrum disorder 
(ASD), and attention-deficit hyperactivity disorder (ADHD) 
(Evans et al., 2017; Kang et al., 2018; Yuan et al., 2018; Huang 
et al., 2019).

Regarding major depressive disorder (MDD), Sanada et al. 
(2020) meta-analyzed the microbial features in patients 
with MDD compared with nondepressive controls based on 
10 observational studies. The abundances of Coprococcus, 
Faecalibacterium, Ruminococcus, Bifidobacterium, and Escherichia 
were decreased in patients with MDD compared with 
nondepressed controls, while Paraprevotella was increased in 
patients with MDD compared with controls. Regarding schizo-
phrenia, Xu et al. (2019) reported that 19 gut microbiota tax-
onomies were associated, with dysbiosis positively correlated 
with the diversity of microbiota-associated epitopes and gut 
IgA levels. Shen et  al. (2018) reported that the abundances 
of Succinivibrio, Megasphaera, Collinsella, Clostridium, Klebsiella, 
and Methanobrevibacter were significantly higher, whereas the 
abundances of Blautia, Coprococcus, and Roseburia were de-
creased in patients with schizophrenia compared with health 
controls. They also conducted Phylogenetic Investigation 
of Communities by Reconstruction of Unobserved States 
(PICRUSt) analysis and found that several metabolic pathways 
differed significantly between healthy controls and schizo-
phrenia patients, including vitamin B6 and fatty acid.

In children with ASD, lower gut microbial diversity and re-
duced relative abundances of phylotypes most closely related 
to Prevotella copri were reported (Kang et al., 2017). A study in 

young patients with ADHD showed decreased alpha diversity 
compared with controls and that the beta diversity differed 
significantly between patients and controls (Prehn-Kristensen 
et  al., 2018). In detail, the bacterial family Prevotellacae was 
associated with controls, while patients with ADHD showed 
elevated levels of Bacteroidaceae, and both Neisseriaceae and 
Neisseria species were found as possible biomarkers for 
juvenile ADHD.

Gut microbial diversity is described in terms of “richness” 
and “evenness”; that is, by the number of species in relation 
to the species’ abundance within a sample (alpha diversity). 
Decreased alpha diversity is generally observed in chronic dis-
orders such as type 2 diabetes mellitus, obesity, and some psy-
chiatric disorders such as ASD and ADHD (Cotillard et al., 2013; 
Karlsson et al., 2013; Kang et al., 2018; Prehn-Kristensen et al., 
2018).

However, for patients with depression, the results from sev-
eral studies (Jiang et al., 2015; Kelly et al., 2016; Liu et al., 2016; 
Huang et al., 2019; Sanada et al., 2020) reporting the alpha diver-
sity of patients’ gut microbiota compared with that of healthy 
controls have been controversial. Results based on basic re-
search by Macedo et al. (2017) and Maier et al. (2018) have shown 
that psychotropic drugs have antibacterial effects in vitro and 
have the potential to alter microbial compositions. Additionally, 
the side effects of antidepressants and antipsychotics, such as 
weight gain and extrapyramidal symptoms, are related to mi-
crobial composition in mice (Morgan et al., 2014; Munhoz et al., 
2017). Therefore, it is important to consider medication usage 
when looking at the gut microbiome of patients with psychiatric 
disorders. However, studies focused on the association between 
medication and the gut microbiome in humans are limited. In 
addition, longitudinal studies in clinical settings are scarce in 
this area.

One previous study by Liskiewicz et al. (2019) focused longi-
tudinally on the relationship between depression severity and 
gut microbial diversity among 17 patients in a hospital setting. 
A significant increase in alpha diversity in the Shannon index 
was observed after 6 weeks of pharmacotherapy, but not in the 
Chao1 index. However, medication usage was strictly limited to 
only escitalopram and other types of psychotropics such as anti-
psychotics and anxiolytics, which are widely used in patients 
with depression and anxiety, have not been investigated.

To further investigate the influence of psychotropics on the 
gut microbiome, we longitudinally investigated the relationship 
between patients’ prescribed medications and intestinal bac-
terial diversity in a naturalistic treatment course for Japanese 
patients with depression and anxiety. Our aim in this paper is to 
investigate the impact of antidepressants, anxiolytics, and anti-
psychotics on the intestinal microbiome.

Significance Statement
Previous studies have shown a relationship between psychotropic medication and gut microbiome in animal studies and in vitro 
experiments. However, little is known about the evidence in humans. We prospectively followed-up 40 patients with depression 
and/or anxiety disorders and collected 246 stool samples. We found that antipsychotics are likely to decrease microbial diversity. 
Moreover, there was a negative correlation between doses of antipsychotics and gut diversity when adjusted for BMI and depres-
sion and anxiety severity scores.

To the best of our knowledge, this is the first study to investigate whether various class of psychotropics affect the gut 
microbiome among patients with depression and anxiety longitudinally, suggesting medication may play an important role to 
influence microbial diversity.
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Methods

Patients

Patients were recruited from inpatients and outpatients at Keio 
University Hospital (Tokyo, Japan), Komagino Hospital (Tokyo, 
Japan), and Showa University Karasuyama Hospital (Tokyo, 
Japan), and all participants gave written informed consent be-
fore enrollment.

The inclusion criteria were adult patients clinically diag-
nosed with depression and/or anxiety as described in the 
Diagnostic and Statistical Manual of Mental Disorders, 5th 
edition. Exclusion criteria were: those with any organic 
gastrointestinal disorders, those taking antibiotic medica-
tion at the time of recruitment, and those whose psychiatric 
symptoms could potentially worsen through participation in 
the study.

Psychiatric Assessment and Fecal Collection

The study flow chart is presented in Figure 1. For inpatients, 
all the stool sampling and psychiatric assessments were per-
formed during hospitalization. Baseline data were obtained 
within 10  days of hospitalization (including the day of hos-
pitalization), midterm data were obtained from days 14 to 20, 
and endpoint data were obtained after day 21 until the day 
of discharge. A minimum interval of 1 week was required be-
tween each time point. As a side note, the typical duration of 
hospitalization at the participating hospitals is 1 to 3 months 
for depression and anxiety disorders. For outpatients, the 
baseline was defined as the time when consent was obtained; 
the midterm point was the patient’s next visit to the out-
patient ward (2 weeks to 2  months after baseline); and the 
endpoint was the patient’s third visit to the outpatient ward. 
A  minimum interval of 1 week was required between each 
time point. For both settings, fecal samples were collected 
up to 3 times at each time point: baseline, midterm, and 
endpoint. When more than 1 sample was collected, the mean 
value of the data was used.

The patients’ psychiatric symptoms were assessed by trained 
psychiatrists or psychologists using the Hamilton Depression 
Rating Scale (HAM-D) and Hamilton Anxiety Rating Scale (HAM-
A) at each time point.

This study was carried out in accordance with the latest 
version of the Declaration of Helsinki. The study protocol 
was approved by the ethics committee of Keio University 
School of Medicine (#20150368). The study is registered at 
the University Hospital Medical Information Network Center 
(no. 000021833).

DNA Extraction and 16S rRNA Gene Sequence

Samples were immediately frozen after collection and trans-
ported within 48 hours. They were kept in a −80°C freezer until 
further analysis could be conducted.

Using universal primers described in previous studies 
(Furusawa et al., 2013; Kim et al., 2013), we performed DNA ex-
traction and sequenced the V1-V2 hypervariable region of the 16S 
rRNA genes in the fecal samples. The 16S rRNA gene was ana-
lyzed using some modifications previously indicated (Murakami 
et al., 2015). In short, one-half to 1 pellet of feces was washed with 
buffer (10 mM Tris-HCl and 1 mM EDTA, pH 8.0). Next, fecal sam-
ples were lyophilized for approximately 18 hours using a VD-800R 
lyophilizer (TAITEC, Nagoya, Aichi, Japan). Each freeze-dried fecal 
sample was combined with four 3.0-mm zirconia beads, approxi-
mately 100 mg of 0.1-mm zirconia/silica beads, 400 µL DNA extrac-
tion buffer (10 mM Tris-HCl and 1 mM EDTA, pH 8.0, containing 
1% [w/v] sodium dodecyl sulfate), and 400 µL of phenol/chloro-
form/isoamyl alcohol (25:24:1) and subjected to vigorous shaking 
(1500  rpm for 15 minutes) using a Shake Master (Biomedical 
Science, Shinjuku, Tokyo, Japan). The resulting emulsion was 
subjected to centrifugation at 17 800 × g for 10 minutes at room 
temperature, and bacterial genomic DNA was purified from the 
aqueous phase by a standard phenol/chloroform/isoamyl alcohol 
protocol. RNA was removed from the sample by RNase A treat-
ment; the resulting DNA sample then was purified again by an-
other round of phenol/chloroform/isoamyl alcohol treatment. 
Filter-passed reads were randomly selected from each sample 
and used for further analysis. Reads were then processed using 
the Quantitative Insights into Microbial Ecology pipeline (ver. 
1.9.1) (Caporaso et al., 2010). Sequences were clustered into oper-
ational taxonomic units (OTUs) based on 97% sequence similarity, 
and OTUs were assigned to the SILVA 132 Database (Quast et al., 
2013). Beta diversity measures, such as weighted and unweighted 
UniFrac distance metrics analysis and principal coordinate ana-
lysis, were performed in the samples between antidepressants 
+/−, antipsychotics +/−, and anxiolytics +/− pairs respectively. In 
the UniFrac analysis, phylogenetic distance is used to evaluate 
the comparative relationship of individuals in a group. The quan-
titative version of UniFrac that considers bacterial numbers is 
called weighted UniFrac, and the qualitative version that con-
siders only the existence of the microbiota is called unweighted 
UniFrac. PICRUSt analysis was performed to predict the group 
difference in the contributions of various OTUs to known bio-
logical pathways based on the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) orthology groups using the KEGG databases. 16S 
rRNA gene sequences were clustered into OTUs based on a 97% 
similarity threshold, and OTUs were assigned to taxonomies based 
on the Greengenes Database (ver. 13.5) (DeSantis et al., 2006). The 

Figure 1.  Study flowchart. HAM-A, Hamilton Rating Scale for Anxiety; HAM-D, Hamilton Rating Scale for Depression; Med., medication; d/c, discharge.
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resultant OTU table was normalized with inferred 16S rRNA gene 
copy numbers and predicted microbial metagenomes using a script 
provided by PICRUSt (ver. 1.0.0) (Langille et al., 2013). Further infor-
mation about the analysis is reported in our previous study (Ishii 
et al., 2018). As a post-hoc analysis, we conducted a Neuroactive 
Gut-Brain Modules (GBM) analysis, a metabolic reconstruction 
framework specific for translating metagenomic data into micro-
bial neuroactive metabolic potential based on extensive literature 
(>300 peer-reviewed papers) and database (MetaCyc73) review. 
From a set of 56 GBMs, each corresponding to a process of synthesis 
or degradation of a neuroactive compound by members of the gut 
microbiota, we chose 6 modules related to GABA and tryptophan 
synthesis and degradation. We followed the method regarding GBM 
analysis previously reported (Valles-Colomer et al., 2019).

Patient Grouping

We categorized patients in the following 3 ways: patients who 
were taking antidepressants or not (antidepressants +/−), pa-
tients who were taking antipsychotics or not (antipsychotics +/−),  
and patients who were taking anxiolytics or not (anxiolytics +/−).  
We investigated and compared the gut microbial diversity be-
tween the groups defined above in terms of alpha diversity 
including Chao1 index, Shannon index, and phylogenic diversity 
(PD) whole tree and the beta diversity.

Dosage Assessment for Antidepressants, 
Antipsychotics, and Anxiolytics

Information on prescribed medications was collected from pa-
tients’ medical records. Information regarding the duration of 
use for the current medication was collected separately for each 
psychotropic class. To calculate the dosage equivalence of the 
prescribed medication, imipramine equivalent (Imipramine-eq) 
doses, chlorpromazine equivalent (CP-eq) doses, and diazepam 
equivalent (Diazepam-eq) doses were used for antidepressants, 
antipsychotics, and anxiolytics, respectively (Hayasaka et  al., 
2015; Inada and Inagaki, 2015).

Statistical Analysis

Means and SDs were calculated for normally distributed con-
tinuous variables, and numbers and percentages were calcu-
lated for categorical variables. All variables were inspected using 
histograms, q–q plots, and Kolmogorov-Smirnov tests before 
conducting statistical analyses to detect normal distribution. 
Mann-Whitney U-test was performed to assess the difference 
in the baseline microbial diversity between antidepressants 
+/−, antipsychotics +/−, and anxiolytics +/− pairs respectively, 
and multiple testing corrections were done by controlling the 
false discovery rate through the Benjamini-Hochberg procedure 
(Benjamini and Hochberg, 2000). For alpha, .05 was chosen for 
significance in the false discovery rate. Analysis of Similarities 
was conducted to determine if the beta diversity differences be-
tween groups were more significant than the intra-group differ-
ences in each psychotropic class. The relationship between drug 
dosage and alpha diversity was determined using a fixed-effect 
model with a diagonal covariance matrix. The effect on each 
alpha diversity index was analyzed from repeated measures of 
CP-eq, Imipramine-eq, and Diazepam-eq doses along with body 
mass index, HAM-D, and HAM-A scores across baseline, mid-
term, and endpoint. All analyses were 2-sided with alpha set at 
.05. Statistical analyses were conducted using SPSS 25.0 software 
(SPSS Inc. Chicago, IL), and R 3.5.3 and R Studio (version 1.2.1335).

Results

Demographic Characteristics

A total of 45 patients with depression and/or anxiety partici-
pated in the study. Among them, 5 patients did not provide any 
stool and/or did not receive clinical assessment. Thus, 40 pa-
tients (17 males and 23 females) who provided at least 1 clinical 
severity assessment were included in our analyses, and a total 
of 246 fecal samples were collected.

Patients’ clinical characteristics are shown in Table 1. Twenty-
four patients (60.0%) were diagnosed with MDD, 8 (20.0%) with 
persistent depressive disorder, 6 (15.0%) with general anxiety 
disorder, 1 (3.0%) with social anxiety disorder, and 1 (3.0%) with 
panic disorder; of these, 12 patients (30.0%) were diagnosed 
with both depression and anxiety. Twenty-one patients (52.5%) 
had HAM-D scores above the threshold of moderate depression 
(HAM-D ≥ 14). Nineteen (47.5%) had HAM-A scores above the 
threshold of moderate anxiety (HAM-A ≥ 15).

Regarding antidepressants, 3 patients were taking tricyclic 
antidepressants (amitriptyline; amoxapine); 6 were taking se-
lective serotonin reuptake inhibitors (sertraline; paroxetine; 
escitalopram); 6 were taking serotonin noradrenaline reuptake 
inhibitors (duloxetine; milnacipran; venlafaxine); 3 were 
taking noradrenergic and specific serotonergic antidepressants 
(mirtazapine); 16 were taking 2 or more kinds of antidepres-
sants; and 6 were taking no antidepressants. Regarding anti-
psychotics, 1 patient was taking olanzapine, 4 patients were 
taking quetiapine, 3 were taking aripiprazole, 1 was taking 
perospirone, and 29 were taking no antipsychotics. All patients 
who were taking antipsychotics also took antidepressants. 
Regarding anxiolytics, 3 patients were taking etizolam, 1 was 
taking loflazepate, 2 were taking clonazepam, 1 was taking di-
azepam, 2 were taking alprazolam, 3 were taking lorazepam, 
1 was taking etizolam and loflazepate, and 27 were taking no 
anxiolytics. Some patients were taking the medication for a 
very long time (Table 1). The median of the observation period 
from baseline sample collection to endpoint sample collection 
was 40  days (min 15, max 146). Seven patients in total (4 pa-
tients were taking antidepressants and 3 were not; 1 patient was 
taking antipsychotics and 6 were not; 7 patients were not taking 
anxiolytics) provided no stool sample at endpoint. Thus, a total 
33 patients were analyzed at endpoint.

Table 1.  Sociodemographic Data

Sex (male, %) 17 (42.5)
Age (y, mean ± SD) 54.4 ± 19.0
BMI (kg/m2, mean ± SD) 22.06 ± 4.34
Duration since first episode (y, mean ± SD) 11.95 ± 10.70
HAM-D (mean ± SD) 14.53 ± 7.90
HAM-A (mean ± SD) 14.30 ± 8.10
Chao1 index (median ± IQR) 15 519.53 ± 4060.31
Shannon index (median ± IQR) 5.89 ± 1.36
PD whole-tree index (median ± IQR) 60.67 ± 9.28
Duration on current antidepressant 

(median ± IQR)
142 ± 364.50

Duration on current antipsychotic (median ± IQR) 63.5 ± 682.75
Duration on current anxiolytics (median ± IQR) 242 ± 618.75

Abbreviations: BMI, body mass index; HAM-A, Hamilton Rating Scale for Anx-

iety; HAM-D, Hamilton Rating Scale for Depression; IQR, interquartile range; PD, 

phylogenetic diversity. 

Total n = 40.
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Baseline Alpha Diversity Between Different Drug 
Treatments

There were no significant differences in the baseline alpha di-
versity between patients with and without each type of psycho-
tropics (Table 2).

Alpha Diversity Change Between Baseline and 
Endpoint

There was a significant difference in PD whole tree between pa-
tients who were taking antipsychotics and patients who were 
not taking antipsychotics (P = .009). It remained significant after 
correction for multiple comparisons (P = .027) (Figure 2; supple-
mentary Table 1).

Beta Diversity and Functional Analysis Between 
Different Drug Treatments

Beta diversity using all samples grouped in each medication 
class are plotted in Figure 3. The PCoA plots based on weighted 
and unweighted UniFrac distances revealed significant compos-
itional changes in the structure of the bacterial community be-
tween antipsychotics +/− (both weighted and unweighted Unifrac 
distances) and anxiolytics +/− (only weighted Unifrac distance) 
pairs by calculating Analysis of Similarities. The PICRUSt ana-
lysis using all samples showed that there are no significant pre-
dicted KEGG pathways that are enriched or decreased in each 
psychotropic class after multiple testing corrections (Figure 4). 
GBM analysis regarding each type of psychotropic is shown in 
supplementary Table 2 along with the correspondence table of 
individual enzymes in each function, which are shown in sup-
plementary Table 3. Patients who were taking antidepressants 
presented increased GABA III synthesis and GABA degradation. 
Patients who were taking antipsychotics presented increased 
and decreased tryptophan synthesis and degradation, respect-
ively, along with increased GABA II synthesis. Patients who were 
taking anxiolytics presented increased GABA II and III synthesis 
and decreased tryptophan synthesis, though significance disap-
peared after correction for multiple comparisons.

Relationship Between Psychotropic Dosage and 
Microbial Diversity

The relationships between doses of psychotropics and micro-
bial diversity are shown in Table 3 using a fixed-effect model. 
There was a negative correlation between antipsychotic doses 
and gut diversity based on the Shannon index and PD whole 
tree when adjusted for body mass index and depression and 
anxiety severities (estimate = −0.00254, SE = 0.000595, P < .0001; 
estimate = −0.02644, SE = 0.00833, P = 0.002, respectively). Other 
medication dosage parameters such as Imipramine-eq and 
Diazepam-eq did not show a significant relationship with mi-
crobial diversity.

Based on a fixed-effect model, only antipsychotics predicted mi-
crobial diversity, as higher doses correlated with less diversity. The 
sequence data in this study is available from the DNA DataBank 
of Japan (DDBJ) Sequence Read Archive (DRA) under the accession 
number DRA010810.

Discussion

In this study, the influence of psychotropics such as anti-
depressants, antipsychotics, and anxiolytics on the diversity of Ta
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microbiota was examined during a naturalistic treatment course 
for 40 patients with depression and anxiety. Our study produced 
3 main findings: (1) there was a significant difference in alpha 
diversity change in patients who were taking antipsychotics be-
tween the baseline and endpoint time points compared with 
those not taking antipsychotics; (2) there was a significant dif-
ference in beta diversity between patients who were taking 
antipsychotics and those not taking antipsychotics; and (3) the 
dose of antipsychotics was negatively correlated to the alpha 
diversity indices of the gut microbiome when adjusted for the 
severity of depression and anxiety. As far as we know, this is the 
first study to investigate longitudinal microbial diversity change 
as well as the relationship between psychotropics and gut mi-
crobial diversity in patients with depression and anxiety, with a 
focus on their prescribed medication types and dosage.

First, we investigated the baseline difference in gut microbial 
diversity in 3 different pairs: antidepressants +/−, antipsychotics 
+/−, and anxiolytics +/−. At baseline, there were no significant 
differences between any pairs. However, during the period from 
baseline to endpoint, PD whole-tree indices exhibited significant 
changes in diversity among patients taking antipsychotics com-
pared with those who were not.

It is important to note that most of the previous studies on 
microbial diversity in patients with depression did not con-
sider the patients’ prescribed psychotropic medications des-
pite increasing evidence in animal models that psychotropics 
could influence gut microbiota composition (Kanji et al., 2018). 
Previous research by Macedo et  al. (2017) indicates that anti-
depressants and antipsychotics have an antimicrobial effect. 
For instance, aripiprazole may induce changes in the gut micro-
biota composition in vivo when taken at approximately 20 mg/

kg/d (Cussotto et al., 2019). Another study by Kanji et al. (2018) 
indicated that female rats receiving 2 mg of olanzapine had a 
decrease in the total diversity of their microbiota as measured 
by the Shannon index.

In humans, there is 1 study by Yuan et al. (2018) that reported 
that the diversity of specific species such as Bifidobacterium spp. 
and Escherichia coli changed after patients with first-episode 
schizophrenia took risperidone for 24 weeks, though the study 
investigated only a limited number of microbiota species with no 
reported alpha diversity indices. Another study by Flowers et al. 
(2019) investigating patients with bipolar disorder or schizo-
phrenia showed that patients who were taking antipsychotics 
for at least 6  months had lower microbial diversity cross-
sectionally compared with those not taking antipsychotics.

The results from our study, which suggest that patients 
who took antipsychotics may have decreased microbial diver-
sity, could partly explain the controversial results of previous 
reports regarding alpha diversity among patients with depres-
sion and healthy controls (Jiang et al., 2015; Kelly et al., 2016; Liu 
et al., 2016; Zheng et al., 2016; Chen et al., 2018). Moreover, Xu 
et al. (2019) have shown that the diversity of gut microbiota in 
patients with schizophrenia was significantly lower compared 
with healthy controls; again, this may be influenced by the oral 
antipsychotics taken by these patients, a factor that was not 
considered in the report. In general, the diversity of gut micro-
biota is known to be decreased in various physical and mental 
pathologies compared with healthy controls, and this decrease 
is thought to have a negative influence on the host. However, 
a recent meta-analysis (Ma et al., 2019) has shown that higher 
diversity is seen in some disease states compared with healthy 
controls, such as Parkinson’s disease and HIV. We can only note 
that our findings in this human study were in line with similar 
results from previous studies showing that psychotropics 
changed the gut microbiome in animals, and further research 
will be needed to determine whether our results correlate with 
a negative or positive influence on patients with depression/
anxiety.

Regarding beta diversity, our findings indicated that the com-
position of the microbiome in the antipsychotics group differed 
from each other, considering P value and R value in weighted 
and unweighted Unifrac distances, although the R value was 
relatively small. A previous animal study reported a significant 
difference in specific species composition between rats treated 
with escitalopram and those receiving vehicle, while the beta 
diversity in principal coordinate analysis did not differ signifi-
cantly (Cussotto et al., 2018). Moreover, a recent human study 
did not show a significant change regarding beta diversity after 
6 weeks’ intake of escitalopram in a controlled hospital setting 
(Liskiewicz et al., 2019). Our results were in line with these pre-
vious studies. Larger controlled studies are needed to determine 
whether each psychotropic type affects beta diversity.

The PICRUSt analysis showed no significant difference be-
tween the psychotropic groups regarding the biological path-
ways predicted from the metagenomic data. Although evidence 
is scarce regarding the relationship between psychotropics and 
altered predicted function of the microbiome in MDD patients, 
there is some evidence showing altered function in patients with 
MDD compared with healthy controls in cross-sectional studies. 
Three reports (Zheng et al., 2016; Chen et al., 2018; Chung et al., 
2019) have indicated the pentose phosphate pathway, and starch 
and sucrose metabolism pathways were enriched in patients 
with MDD. However, a previous report (Human Microbiome 
Project Consortium, 2012) indicates that it is possible to have 
similar predicted functions even if the microbial composition is 

Figure 2.  Box plot of alpha diversity (PD whole tree) change from baseline to 

endpoint in patients with or without antipsychotics (antipsychotic +/−); * P < .05.
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different in the group. Our results from the GBM analysis have 
shown that different types of psychotropic intake may influ-
ence the microbiome that is related to GABA and tryptophan 

metabolism in the host. A previous study (Valles-Colomer et al., 
2019) has shown that GABA III synthesis was increased in pa-
tients with MDD compared with healthy controls. Since our 

Figure 4.  Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) analysis in each psychotropics (+/−) group. The average estimated 

function of the microbiome in each group is shown. Each function is presented in different colors and listed below. There was no significant difference between each pair.

Figure 3.  Beta diversity shown in Weighted and Unweighted Unifrac Analysis and Analysis of Similarities (ANOSIM) for each psychotropic (+/−) group. Red dots indicate 

medication (+); blue dots indicate medication (−). Samples are assigned shapes (circle, square, triangle) according to timepoints. Lines connect projections of samples 

from the same patients. An R value close to 1.0 indicates the dissimilarity between groups, whereas an R value close to 0 indicates an even distribution. Abbreviations: 

PC, principal components. *P < .05.
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patient groupings were based on pharmacotherapy and those 
by Valles-Colomer et al. (2019) were based on patients vs healthy 
controls, we cannot directly compare the 2 cases, but our re-
sults suggest that the microbiome metabolism related to GABA 
and tryptophan may be influenced by antidepressant and anti-
psychotic intake, though there is no indication of causal rela-
tionship at this point.

Finally, we found that there was a negative correlation 
between antipsychotic dosage and alpha diversity indices. 
Previous research indicates that the concentration of anti-
psychotics is proportional to their antimicrobial effects (Morgan 
et al., 2014). The result indicating the relationship between the 
antipsychotic dose and alpha diversity is independent after con-
trolling for antidepressant dose, because all patients taking anti-
psychotics were on antidepressants as well. However, we cannot 
untangle the relative contribution of each drug class or draw any 
conclusions about antipsychotics themselves. The results from 
our findings suggest a correlation between antipsychotics and 
dysbiosis, although a causational relationship requires further 
study. For instance, antipsychotics generally induce side effects 
such as obesity, dyslipidemia, and gastrointestinal symptoms 
(Correll et al., 2015), which may secondarily induce dysbiosis in 
the gut (Dieterich et al., 2018).

Regarding the influence of antipsychotics on each microbial 
diversity index, our results show that longitudinal alpha diversity 
change was seen in PD whole-tree indices, while a relationship 
with dosage was seen in the Shannon and PD whole-tree indices. 
A possible reason for these differences is due to how the Chao1, 
Shannon, and PD whole-tree indices are calculated differently 
in terms of microbial composition. The Chao1 is an abundance-
based estimator of species richness, while the Shannon index is 
an estimator of not only species richness but also species even-
ness (Kim et al., 2017). PD whole tree is defined as the minimum 
total length of all the phylogenetic branches required to span a 
given set of taxa on the phylogenetic tree (Faith and Baker, 2007).

The results of our study suggest that microbial diversity is al-
tered not only by differences in study participants’ cultural and 
dietary patterns (Kovatcheva-Datchary et al., 2015) but also by 
differences in prescription backgrounds between patients.

The potential mechanism of the relationships between 
psychiatric disorders and microbiota is still under investiga-
tion; therefore, it is difficult to interpret how the resulting anti-
psychotic microbial alterations could be counteracted to the 
host. In a recent animal study where transplantation of gut 
microbiota was done from patients with depression to germ-
free mice, the mice showed depressive-like and/or anxiety-like 
behavior that was accompanied with a downregulation of Stat5, 
a gene that regulates the hypothalamus-pituitary-adrenal (HPA) 
axis reaction (Luo et al., 2018).

Moreover, 1 study (Moya-Pérez et  al., 2017) showed 
that after the level of cortisol increased in the depression 
model mice, it was then reduced after the administration of 
B. pseudocatenulatum CECT 7765, and the upregulated stress re-
sponse of the HPA axis was suppressed. The above-mentioned 
effects on the HPA axis and inflammation are thought to be 1 
of the mechanisms in the relationship between psychiatric dis-
orders and microbiota, but the direct link is not fully understood 
in humans. Regarding psychotropics, a meta-analysis by McKay 
et al. (2010) evaluated antidepressant effects on cortisol in pa-
tients with unipolar depression, focusing on studies that meas-
ured pre- and post-treatment cortisol. The effect sizes for pre-/
post-depression severity reductions were positively correlated 
with cortisol effect sizes, and similar results are reported for 
antipsychotics (Subramaniam et al., 2019).Ta
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Limitations

The results of this study must be interpreted in the context of 
the following limitations. First, this study’s sample size was 
small, which introduces the possibility that our results may 
demonstrate a false relationship. Second, we did not take into 
consideration the effect of prescribed medication taken before 
participating in this study, as we did not set a washout period 
using antibiotics. Third, to collect medication data, we referred 
only to the medical prescription records for each patient, which 
means there could possibly be effects from non-adherence 
that we did not take into account. Fourth, we investigated the 
patients with various psychotropics, which means our cohort 
should be interpreted as multi-psychotropics-treated patients’ 
cohort, and we cannot tease apart the relative contribution of 
each drug class. Fifth, there is a possibility for selection bias; 
for example, patients with gastrointestinal symptoms may have 
been more interested in participating in this research. Sixth, 
many other factors beyond medication are known to influence 
the diversity of the gut microbiome; 1 example of such a factor 
is dietary habits (Kovatcheva-Datchary et al., 2015), which will be 
investigated in our next paper.

This is the first study, to our knowledge, to demonstrate that 
antipsychotics may decrease alpha diversity during the course 
of treatment and that antipsychotic dosage has a negative re-
lationship with alpha diversity in the gut microbiome among 
patients with depression and anxiety.

A failure to consider patients’ psychotropic medications may 
be one of the factors that made previous reports controversial. 
In future studies, it will be important to give consideration to the 
types and doses of psychotropic medications used by patients 
to further elucidate the mechanisms of gut-brain interactions 
in humans.

Supplementary Materials

Supplementary data are available online at: International Journal 
of Neuropsychopharmacology (IJNPPY).
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