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Purpose: The major purpose of this study was to detect the changes in gut microbiota 
composition and inflammatory cytokines production associated with acute and chronic 
insomnia. This study also evaluated the relationship between gut microbiota changes and 
increased inflammatory cytokines in insomnia patients.
Patients and Methods: Outpatients with acute and chronic insomnia (aged 26–55 years; 
n=20 and 38, respectively) and age/gender-matched healthy controls (n=38) were recruited 
from a southern China region. Participants’ gut microbiome, plasma cytokines, and self- 
reported sleep quality and psychopathological symptoms were measured.
Results: The gut microbiomes of insomnia patients compared with healthy controls were 
characterized by lower microbial richness and diversity, depletion of anaerobes, and short- 
chain fatty acid (SCFA)-producing bacteria, and an expansion of potential pathobionts. 
Lachnospira and Bacteroides were signature bacteria for distinguishing acute insomnia 
patients from healthy controls, while Faecalibacterium and Blautia were signature bacteria 
for distinguishing chronic insomnia patients from healthy controls. Acute/chronic insomnia- 
related signature bacteria also showed correlations with these patients’ self-reported sleep 
quality and plasma IL-1β.
Conclusion: These findings suggest that insomnia symptomology, gut microbiota, and 
inflammation may be interrelated in complex ways. Gut microbiota may serve as an 
important indicator for auxiliary diagnosis of insomnia and provide possible new therapeutic 
targets in the field of sleep disorders.
Keywords: acute insomnia, chronic insomnia, gut microbiome, inflammatory cytokines, 
random forest

Introduction
Insomnia is the most prevalent sleep disorder affecting about 10–50% of the adult 
population worldwide,1–3 which is predominantly characterized by difficulty initiating 
or maintaining sleep, poor sleep quality, and impaired daytime functioning.4 

Psychiatric disorders such as anxiety, depression, bipolar disorder, and schizophrenia, 
as well as a broad range of physical disorders, particularly metabolic-related disorders 
such as obesity and type 2 diabetes, are also frequent among patients with insomnia.5,6

Many studies have suggested the etiology of insomnia may be related to many 
factors such as genetics, biochemistry, neuroendocrine, immune, and psychosocial 
factors.7 In recent years, increasing evidence has identified the microbiome–gut– 
brain axis, with gut microbiome central to the multi-directional effects on brain 
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and physiology through immune, hormonal, and neural 
pathways.8–10 Gut microbiome has been shown to be 
associated with sleep. For example, in a rodent model, 
interfering with the sleep patterns can change the struc-
ture and diversity of intestinal microbiota.11 Similar 
changes in microbial community structure have been 
observed in shift workers who have insufficient sleep.12 

Moreover, treatment of intestinal microbiota imbalance 
has the effect to improve sleep duration and sleep 
efficiency.13 Previous research suggests that systematic 
inflammation may be a pathway linking gut microbiome 
with sleep. Insomnia symptoms and chronic sleep 
restrictions have been shown to increase the production 
of inflammatory cytokines such as IL-1β and TNF-α.14,15 

Increased gut microbiome diversity may also cause 
a reduction in circulating pro-inflammatory cytokines, 
which may in turn improve sleep.13

However, most of these studies were conducted in 
animal models. Very few studies have examined in 
human samples how the gut microbiome is associated 
with insomnia symptomology and psychological impair-
ments and inflammatory cytokine changes. To fill this 
gap of knowledge, the present study examined and com-
pared the composition of gut microbiota and production 
of inflammatory cytokines between acute and chronic 
insomnia patients and healthy subjects. The major pur-
pose was to detect the changes in gut microbiota com-
position and inflammatory cytokines production 
associated with acute and chronic insomnia. As in the 
literature,14,16 patients with acute and chronic insomnia 
compared with healthy subjects were hypothesized to 
have increased inflammatory cytokines and gut micro-
biota disturbance. This study also attempted to evaluate 
the relationship between gut microbiota changes and 
increased inflammatory cytokines in insomnia patients.

Participants and Methods
Participants
Insomnia patients between 26–55 years were recruited from 
outpatients in the department of Psychiatry of Nanfang 
Hospital in Guangzhou, Guangdong, from May 2017 to 
December 2018. The Mini-International Neuropsychiatric 
Interview was used as a systematic psychiatric screening 
tool to detect pre-existing psychiatric disorders.17 The 
Structured Clinical Interview for the Diagnostic and 
Statistical Manual of Mental Disorders-Fifth Edition was 
used to diagnose acute or chronic insomnia disorder.18 

Healthy subjects (age-, sex-, and body mass index-matched 
with the patients) who resided in the same geographic area 
and had similar dietary habits were recruited through adver-
tisements and screened using a semi-structured clinical inter-
view to exclude those with psychiatric or physical illnesses. 
To ensure the homogeneity of different groups of partici-
pants, the following exclusion criteria were applied: hyper-
tension; cardiovascular disease; diabetes mellitus; obesity; 
liver cirrhosis; fatty liver disease; irritable bowel syndrome; 
inflammatory bowel disease; other sleep disorders; drug or 
alcohol abuse in the last 6 months; use of antibiotics, probio-
tics, prebiotics, symbiotic, or acid-suppressive drugs in the 
month before the fecal sample collection; known active 
bacterial, fungal, or viral infections; and have jet lag or 
shift work experience in the month before collection of the 
samples. Table 1 presents the demographic and psychosocial 
characteristics of the study participants.

All participants were examined clinically after recruit-
ment by two psychiatrists and were subsequently divided 
into three groups: acute insomnia disorder (AID) (n=20), 
chronic insomnia disorder (CID) group (n=38), and 
healthy controls (HC) (n=38). The AID patients were 
defined as having insomnia longer than 1 week but shorter 
than 3 months. Persons with CID were defined as those 
having insomnia longer than 3 months. This study was 
conducted in accordance with the Declaration of Helsinki 
and was approved by the Human Research Ethics 
Committee of South China Normal University. Written 
informed consent was provided by all participants before 
data collection.

Questionnaires
Participants’ sleep quality and sleep disturbance during the 
past month was assessed by Pittsburgh Sleep Quality 
Index (PSQI).19 General mental health status was mea-
sured by Generalized Anxiety Disorder 7-item (GAD-7) 
scale20 and Patient Health Questionnaire 9-item (PHQ-9) 
scale.21 Four items about abdominal dysfunction extracted 
from the Patient Health Questionnaire (PHQ-15)22 were 
used to assess abdominal dysfunction.

A Self-designed Dietary Assessment Scale was used to 
assess dietary habits, which includes 12 self-designed 
items mainly developed from the Adult Eating Behavior 
Questionnaire.23 This scale was divided into three dimen-
sions: regular diet (eating meals at regular times), healthy 
diet (frequency of high-calorie special diet intake), and 
rich diversity in diet (general food intake frequency of 
grains, vegetables, fruits, milk, beans, egg, fish, and 
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meat). The respondent rated each item on a 5-point scale, 
ranging from 1 (“never”) to 5 (“always”). A summary 
score (range=12–60) was calculated by adding all items 
together, so that higher scores reflect a greater degree of 
regular diet, healthy diet, and rich diversity in diet.

Plasma Cytokine Detection
Blood samples were provided by the 96 participants in the 
morning (08:00 am–11:00 am). Samples were collected in 
an ethylenediamine tetraacetic acid (EDTA)-containing 
tube then centrifuged for 10 minutes at 1500 rpm, 4°C. 
Plasma was aliquoted into cryotubes and stored at −80°C 
until assayed. Plasma tumor necrosis factor-α (TNF-α), 
interleukin-1β (IL-1β), and IL-6 were measured using 
commercially available enzyme-linked immunosorbent 
assay kits (ELISA kits of TNF-α, IL-1β, IL-6 were pur-
chased from Neobioscience Technology Co., Ltd.).

Fecal Sample Collection and DNA 
Extraction
Fecal samples were collected in the morning (08:00 am– 
11:00 am) within 3 days after the completion of the ques-
tionnaires and were kept in iceboxes (4° Celsius). Fecal 
microbial DNA was extracted from 200 mg feces using the 
HiPure Stool DNA Kits B (D3141-03B, Guangzhou meiji 
biotechnology co., Ltd, China) according to the manufac-
turer’s instructions.

Quantitative Polymerase Chain Reaction 
Analysis for Bacteria
We performed 16S rRNA sequencing as described before.24 

Briefly, the V3–V4 region of the bacterial 16S rRNA gene 
was amplified by PCR using the following primer pair: 341F, 
CCTACGGGNGGCWGCAG, and 806R, 
GGACTACHVGGGTATCTAAT, and quantified using an 
ABI StepOnePlus Real-Time PCR System (Life 
Technologies, USA) was performed. Library quantification, 
normalization, pooling, and denaturation were performed as 
per manufacturer’s protocol (Illumina, San Diego, CA, 
USA). Samples were sequenced on a Hiseq 2500 platform 
and using a PE250 mode.

Statistical Analysis and Bioinformatics
Statistical analyses were performed using the SPSS software 
program (version 23.0) (IBM Corp., Armonk, NY), Mplus 8.3 
and R 3.6.1. Differences in demographics and inflammatory 
cytokines were analyzed using the analysis of variance 

(ANOVA) or multivariate analyses of covariance 
(MANCOVA), followed by Fisher’s least significant differ-
ence post hoc test.

The raw tags obtained from the sequencer were demulti-
plexed and quality-filtered using FLASH (v 1.2.11) to obtain 
clean tags.25 Chimera sequences arising from the PCR amplifi-
cation were detected and removed using UCHIME Algorithm, 
and all remaining sequences were assigned to samples accord-
ing to the barcodes and clustered into operational taxonomic 
units (OTUs) using Uparse (usearch v9.2.64 _i86linux32)26 

with a 97% threshold of pairwise identity. OTUs that reached 
a 97% nucleotide similarity level were used for rarefaction 
curve analyses using Mothur. Alpha diversity was measured 
using QIIME based on the level of OTUs, Chao estimate, 
observed species (Sobs), abundance-based coverage estimator 
(ACE), Shannon and Simpson index. Beta diversity was esti-
mated by Bray-Curtis dissimilarity and by computing UniFrac 
distances that were reported by principal coordinate analysis 
(PCoA). Using the Kruskal–Wallis rank-sum test, and linear 
regression model controlled for covariates, we further accessed 
the difference in microbiome features among acute and chronic 
insomnia, and healthy controls. To identify the key signature 
microbiota, 5-fold cross-validation together with Random 
Forest were performed to compute importance scores (mean 
decrease accuracy, MDA) to estimate the importance of vari-
ables by utilizing the “random Forest” v.4.6–14 package in 
R 3.6.1.27 The operating characteristic curves (receiving opera-
tional curve, ROC) were constructed and area under curve 
(AUC) was calculated to assess the diagnostic performance 
of the model with the pROC 1.15.3 package.28 Partial 
Spearman’s rank-based correlation was employed to investi-
gate the correlation between inflammatory cytokines and the 
signature bacteria for insomnia in CID and AID group, respec-
tively. Statistical significance was set at P<0.05.

Results
Sample Characteristics
The whole sample consisted of 96 participants (AID=20; 
CID=38; HC=38). Table 1 presents the demographics and 
psychosocial characteristics of the sample.

ANOVA revealed that the AID and CID groups had 
significantly poorer self-reported sleep quality, more depres-
sive and anxious symptoms, worse marital status, and more 
abdominal dysfunction symptoms compared to HCs. All 
three groups had similar dietary habits. Neither of them 
regularly consumed alcohol within the previous month, and 
only two participants regularly used tobacco products.
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Decreased Alpha-Diversity and Altered 
Overall Microbial Composition in Insomnia
Based on the OTUs, various alpha-diversity indexes (ie, Chao 
estimate, observed species [Sobs], abundance-based coverage 
estimator [ACE], Shannon and Simpson index) were used to 
evaluate the ecological features of the fecal bacterial commu-
nity in the sample. The CID group compared with the HCs 
showed a significantly decreased intraindividual diversity, as 

indicated by the Chao1 index (P=0.017). Though the fecal 
microbial diversity estimated using the ACE (P=0.056) and 
Sobs (P=0.051) Index was also somewhat lower in the CID 
group than in HCs, the difference was not statically significant 
(Wilcoxon rank-sum test; Figure 1A–C). The trend in alpha- 
diversity in patients with AID was similar to that of the HCs, 
based on the Chao (P=0.065), ACE (P=0.135), and Sobs 
(P=0.104) index, respectively (Wilcoxon rank-sum test; 

Table 1 Demographics, Psychosocial Characteristics, Dietary Habits, and Blood Inflammation Markers of the Sample (N=96)

Variables AID (n=20) CID (n=38) HC (n=38) F/χ2

Demographics

Age, years, mean±SD 37.80±7.40## 43.47±6.86** 38.50±7.05 6.35

Gender, Female, n (%) 15 (75.0%) 25 (65.8%) 18 (47.4%) 4.94
BMI, kg/m2, mean±SD 21.79±1.95 22.21±2.43 22.82±1.97 1.65

Education level, n (%) 13.64

Below high school 9 (45%) 27 (71.1%) 11 (28.9%)

Above high school 11 (55%) 11 (28.9%) 27 (71.1%)

Marital Status, n (%) 10.92

Poor 9 (45%) 18 (47.4%) 6 (18.2%)
Good 8 (40.0%) 17 (44.7%) 28 (73.7%)

Single 3 (15.0%) 3 (7.9%) 4 (10.5%)

Personal monthly income, n (%) 6.92

>￥10,000 11 (55.0%) 22 (57.9%) 19 (50.0%)

￥5,000–￥10,000 9 (45.0%) 11 (28.9%) 10 (26.3%)
<￥5,000 0 (0.0%) 5 (13.2%) 9 (23.7%)

Regular Exercise 0.39
Yes 10 (50.0%) 22 (57.9%) 20 (52.6%)

No 10 (50.0%) 16 (42.1%) 18 (47.4%)

Sleep/Emotional Disorder and Somatic Symptoms, mean±SD

PSQIa 14.85±3.23*** 16.26±3.68*** 3.00±1.41 105.06
PHQ 8.95±4.52*** 9.82±4.40*** 2.79±2.59 36.00

GAD 6.95±4.88*** 7.87±4.73*** 2.34±2.82 18.71

Abdominal dysfunctiona 8.51±2.66 10.06±3.62** 5.98±2.00 3.82

Dietary habits, mean±SD

Regular diet 8.10±1.36 7.09±1.85 7.12±2.37 1.95

Healthy diet 20.67±2.21 19.88±2.24 19.95±2.06 0.97

Rich diversity in diet 12.49±2.05 11.56±1.47 12.28±1.65 2.68

Blood inflammation marker,b mean±SD

IL-1β (pg/mL) 21.56±18.59** 16.73±8.65* 11.07±10.05 5.25

IL-6 (pg/mL) 11.47±11.39 20.30±20.39 13.52±17.41 2.35

TNF-α (pg/mL) 17.91±7.10 23.19±11.97 17.56±10.11 2.16

Notes: aControlling for PHQ and GAD score. bResults from MANCOVA with Blood inflammation markers as dependent variable, group as fixed factor and age, gender, 
BMI, PHQ and GAD score as covariates. Superscript symbols indicate statistically significant differences between the following: ***P<0.001, **P<0.01, *P<0.05, each group 
with respect to HC group; ##P<0.01, each group with respect to the CID group. Abdominal dysfunction was measured by self-designed abdominal dysfunction questionnaire 
(4 items about abdominal dysfunction extracted from Patient Health Questionnaire, PHQ-15). 
Abbreviations: PSQI, Pittsburgh Sleep Quality Index score; PHQ-9, Patient Health Questionnaire 9-item; GAD, Generalized Anxiety Disorder 7-item (GAD-7) scale; IL-1β, 
interleukin-1 beta; IL-6, interleukin-6; TNF-α, tumor necrosis alpha; AID, acute insomnia disorder; CID, chronic insomnia disorder; HC, healthy controls.
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Figure 1A–C). There were no significant differences in the 
Shannon or Simpson index among the three groups 
(Supplementary Figure S1A and B).

Bacterial beta-diversity was assessed through conduct-
ing the principal coordinate analysis based on Bray-Curtis 
dissimilarity. Permutational multivariate analysis of var-
iance demonstrated significant differences in gut taxo-
nomic composition among the three groups (AID vs HC: 
P=0.001, CID vs HC: P=0.001, AID vs CID: P=0.001; 
Figure 1D). The microbial community among the three 
groups was also significantly different for weighted 
UniFrac distance and unweighted UniFrac distance 
(Supplementary Figure S1C and D).

Altered Gut Microbiota Composition in 
Insomnia Patients
The fecal microbiota composition of the sample showed 
significant differences at multiple taxonomical levels by lin-
ear regression model controlled for age, gender, PHQ, GAD, 
and abdominal dysfunction. Firmicutes, Bacteroidetes, and 
Actinobacteria were the three most dominant phyla across all 
three groups. At the phylum level, compared with the HCs, 
Actinobacteria (P=0.0005) were over-represented in the CID 
group, whereas Firmicutes (P=0.011) were significantly 
decreased in the AID group (Supplementary Figure S2).

At the genus level, significant differences were also 
observed among the three groups. There were five bacterial 
taxa showing distinct relative abundances between the CID 
and HC groups (P<0.05); specifically, decreased abundance 
in Faecalibacterium, Prevotella 9, and Roseburia, and 
increased abundance in Blautia and Eubacterium hallii 
were observed in the CID group (Figure 2). In the AID 
group, Bacteroides was increased, whereas Lachnospira 
were decreased compared with HCs (Figure 2). There was 
no difference among the three groups at species level.

In total, the CID/AID groups were different from the 
HCs in the relative abundances of seven genera.

Signature Bacteria for Insomnia
To identify signature bacteria that could distinguish acute and 
chronic insomnia patients from healthy controls, we incorpo-
rated a robust statistical analysis and applied 5-fold cross- 
validation together with random forest to create 
a classification model based on the abovementioned seven 
genera, with consideration of lowest error rate and standard 
deviation. We found that the combination of two genera includ-
ing Lachnospira and Bacteroides were most useful for 

distinguishing acute insomnia patients and healthy controls, 
with an AUC of 87.5% (95% CI=78.7–96.3%) (Figure 3A 
and D). The combination of two genera, Faecalibacterium, 
and Blautia could distinguish chronic insomnia patients from 
healthy controls, with an AUC of 92.97% (95% 
CI=87.16–98.79%) (Figure 3B and D).

Inflammatory Cytokines in Insomnia
As shown in Table 1, results of MANCOVA (controlling 
for age, gender, BMI, PHQ, and GAD scores) showed that 
both AID (P<0.01) and CID (P<0.05) groups had signifi-
cantly increased levels of IL-1β than HCs. Although the 
CID group also had an increased level of IL-6 and TNF-α 
than the HC and AID group, the difference is not signifi-
cant (Table 1).

Signature Bacteria Associated with 
Inflammatory Cytokines in Insomnia
Partial Spearman’s rank-based correlation tests (controlling 
for age, gender, PHQ, GAD, and abdominal dysfunction 
scores) were employed to investigate the associations 
between acute/chronic insomnia patients’ signature bacteria 
and their inflammatory cytokines (IL-1β, TNF-α), and self- 
reported sleep quality (measured by PSQI). We found that in 
the CID group, the combination of two signature bacteria 
Faecalibacterium, and Blautia (CID probability) was signif-
icantly correlated with PSQI (r=0.49, P<0.001), and IL-1β 
(r=0.45, P<0.001) (Figure 4A). In the AID group, the com-
bination of two signature bacteria Lachnospira, and 
Bacteroides (AID probability) was positively correlated 
with PSQI (r=0.48, P<0.001) (Figure 4B).

With regard to specific signature bacteria, in the AID 
group, lower abundance of Lachnospira (r=−0.48, 
P<0.001), and higher abundance of Bacteroides 
(r=0.35, P=0.01) were significantly correlated with 
higher PSQI score (Figure 4A). In the CID group, 
lower abundance of Faecalibacterium was significantly 
correlated with a higher plasma level of IL-1β (r=−0.27, 
P=0.02) and higher scores on PSQI (r=−0.43, P<0.001), 
whereas higher abundance of Blautia was significantly 
correlated with a higher plasma level of IL-1β (r=0.58, 
P<0.001) and higher scores on PSQI (r=0.40, P<0.001) 
(Figure 4B).

Discussion
There is growing evidence that alterations in the intestinal 
microbiome correlate with many mental disorders and 
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A B

C D

Figure 1 Phylogenetic diversity of gut microbiomes among AID, CID, and HC groups. 
Notes: Comparison of the Chao (A), ACE (B), and sobs (C) index between different groups (CID vs HC: P=0.017, P=0.056, and P=0.051, respectively; AID vs HC: P=0.065, 
P=0.135, and P=0.104, respectively; Wilcoxon rank-sum test). (D) PCoA of Bray-Curtis dissimilarity analysis demonstrated that the overall fecal microbiome composition of 
AID and CID clustered each separately from HCs, and the microbiome composition was also different between AID and CID (AID vs CID vs HC: P<0.001).

E. hallii

Blautia

Faecalibacterium

Prevotella 9

Roseburia

s
u

n
e

G

0 10 20 30 40 50

Lachnospira

Bacteroides *

*

***

***

**

**

***

AID

HC

Figure 2 Comparison of relative abundance (>1% of the total sequences in either group) at the bacterial genus level between AID, CID, and HC groups. 
Notes: Linear regression model controlled for age, gender, PHQ, GAD, and abdominal dysfunction. *P<0.05, **P<0.01, ***P<0.001, each group with respect to the HC 
group.
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with disrupted physiological homeostasis.29,30 However, 
much remains unclear about the relationship between gut 
microbiome and human insomnia and related inflamma-
tory cytokine changes. The current study is the first to 
address such issues in human patients with acute and 
chronic insomnia.

Insomnia is a common sleep disorder and it has been 
clearly associated with different aspects of psychosocial dys-
functions such as increased emotional or behavioral symp-
toms, diminished subjective well-being perceived life quality, 
and worsened social skills.31 The cause of insomnia is thought 
to involve a complex interaction of many factors. One impor-
tant factor may be pro-inflammatory activation. Chronic sleep 
restriction has been shown to be associated with elevated brain 
IL-1β and TNF-α,15 and increased daytime plasma IL-6 

concentration.32 Another study examined sleep duration and 
inflammatory biomarkers of 614 individuals, and found that 
habitual sleep durations were positively associated with IL-6 
level.16 The current study also found that both AID and CID 
patients had notably higher plasma level of IL-1β than healthy 
controls. CID patients were also found to have higher plasma 
level of TNF-α and IL-6 than healthy controls and AID 
patients, although the difference is not significant. These 
imply that pro-inflammatory cytokine levels may increase 
with greater severity of insomnia symptomology and IL-1β 
is an important clinical indicator.

Low bacterial diversity, an important indicator of gut 
dysbiosis, has been documented in a variety of psychophy-
siological diseases, including insomnia, depression, and 
anxiety.33,34 In the current study, the CID group compared 

A B

C D

Figure 3 Disease classification based on gut microbiome signature. (A and B) Classification performance of random forest model using relative abundance of insomnia- 
associated genera was assessed by area under the ROC in AID patients (A) and CID patients (B), respectively. (C and D) Identification of the signature gut microbiota 
associated with insomnia disorder by random forest. To identify the signature biomarkers, 5-fold cross-validation together with random forest was performed. (C) The 
detailed results of random forest in signature biomarkers’ random seed are presented between AID and HC group; (D) The detailed results of random forest in signature 
biomarkers’ random seed are presented between CID and HC group. 
Notes: AID, acute insomnia disorder, n=20; CID, chronic insomnia disorder, n=38; HC, healthy controls, n=38; ROC, receiving operational curve.
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with HCs showed a significantly lower alpha-diversity (esti-
mated using the Chao1 Index) in microbial community, while 
the difference between AID group and HCs did not reach 
significance, suggesting that microbiome diversity varies in 
different stages of insomnia pathology, longer duration of 
insomnia may have a bigger impact on the patients’ micro-
biome diversity. This result was also consistent with one 
prior study, which reported that patients with CID had sign-
ificantly altered α-diversity of the gut microbiota that char-
acterized by decreased Chao1 index.35 However, although 
the microbiota diversity was somewhat greater in HCs, no 
significant differences within species richness and evenness 
estimates by estimators such as the ACE, Sobs, Shannon, and 
Simpson indices were found among the three groups. This 
may be that the difference in species richness of the samples 
is more obvious, especially for low-abundance species, but 
the species evenness of the sample may be similar.

Regarding relative abundances in microbiota composi-
tion, AID and CID patients showed decreased abundance 
in many anaerobic intestinal microbiota such as genera in 
Lachnospira, Roseburia, and Prevotella 9, indicating that 
their microbial community may shift towards depletion of 
anaerobic microbes. The decreased abundances of these 
genera in insomnia patients may reduce short-chain fatty 
acid (SCFA) production in their gut, which is known to 
have anti-inflammatory effects and is beneficial to 
health.36,37 Among CID patients, we also observed 
decreased abundance in Faecalibacterium, Prevotella 9, 
and Roseburia and increased abundance in Blautia, and 
Eubacterium hallii, but these were not shown in AID 

patients, suggesting that microbiome structure may vary 
in different stages of insomnia pathology. In addition, as 
the CID group showed decreased abundance in these 
butyrate producers (eg, Roseburia, Faecalibacterium),38 

and decreased butyrate is associated with increases in 
inflammatory markers,39 which may also explain the ele-
vated inflammation level in chronic insomnia patients.

Our results from the random forest found that two genera 
Blautia and Faecalibacterium were most useful for distin-
guishing CID patients from HCs. Blautia is a common gut 
inhabitant that belongs to the family Lachnospiraceae. The 
microbiome is highly plastic and can alter rapidly in response 
to diet. But previous research also indicates that host- 
specificity and host-preference patterns of organisms within 
Blautia are driven by host physiology more than dietary 
habits.40 Our data also found that higher abundance of 
Blautia may contribute to the higher plasma level of IL-1β 
in CID patients. There have been mixed findings about the 
role of Blautia genus in inflammation, ie, it may be 
positively41,42 or negatively43,44 associated with inflamma-
tory dysregulation. The discrepancy among these findings 
may be due to the different age, BMI, life stages, and patho-
logical circumstances across the study sample.42 As for 
Faecalibacterium, decreased Faecalibacterium representa-
tion has been linked with several diseases including bipolar 
disorder,45 depression,33 anxiety,34 Parkinson’s disease, Type 
2 diabetes, and ulcerative colitis.46 Murine models have 
found that sleep deprivation significantly decreased the con-
tent of Faecalibacterium.47 Animal experiments have also 
reported that Faecalibacterium can enhance goblet cell 

BA

Figure 4 (A) Partial correlation between relative abundance of signature gut microbiota and insomnia-related inflammatory cytokines by partial Spearman’s rank-based 
correlation test in AID and HC group. (B) Partial correlation between relative abundance of signature gut microbiota and insomnia-related inflammatory cytokines by partial 
Spearman’s rank-based correlation test in CID and HC group. 
Notes: (A) *P<0.05, **P<0.01. 
Abbreviations: PSQI, Pittsburgh Sleep Quality Index; IL-1β, interleukin-1β; TNF-α, tumor necrosis factor-α; AID probability, combination of Lachnospira and Bacteroides; 
CID probability, combination of Faecalibacterium and Blautia.
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differentiation, leading to an increase in goblet cell numbers 
and mucin gene expression,48 which would reverse the intest-
inal barrier dysfunction resulting from interactions between 
gut microbiota dysbiosis and mucosal injury. Previous find-
ings, together with our results, suggest that Blautia and 
Faecalibacterium may have a close relationship with inflam-
mation, which may further affect chronic insomnia and 
insomnia-related health decline.

Random forest together with the cross-validation model 
also found Lachnospira and Bacteroides were the most 
important biomarkers to discriminate AID patients from 
HCs. Previous studies have reported the associations 
between these taxa and psychopathology.34,49 A recent 
study comparing the 16S rDNA genes of gut microbiome 
composition in 10 chronic insomnia patients and 10 healthy 
controls also found that Bacteroidetes (increased) could be 
used as one critical biomarker to identify chronic insomnia 
disorder.35 The reason why our results were not completely 
consistent with their findings may be because we used 
a larger and demographically more homogeneous sample.

We also found a significant correlation between the 
combination of Lachnospira and Bacteroides and AID 
patients’ poor self-reported sleep quality, but the correla-
tion with AID patients’ cytokine levels was not significant. 
As stated earlier, the signature biomarkers of chronic 
insomnia (ie, combination of Faecalibacterium, and 
Blautia) showed significant correlations with CID patients’ 
poor self-reported sleep quality and with their IL-1β level. 
This may be because AID patients have a relatively short 
period of insomnia, and gut microbiota dysbiosis during 
a relatively short period may not be sufficient to trigger the 
inflammatory change. One previous study has also 
reported that the neuroendocrine dysregulation was more 
expressed in patients with CID than patients with AID, and 
this may be a contributing factor in maintaining disturbed 
sleep.50 However, to our knowledge there is no study that 
has examined the mechanism of the difference in inflam-
matory changes between AID and CID patients, and more 
research is needed to bridge this important gap.

Methodologically, the current study has several advan-
tages such as a large sample size, inclusion of insomnia 
patients in different pathological stages (ie, acute and 
chronic insomnia), utilization of the cutting edge bioinfor-
matic algorithm which incorporated machine learning 
approaches such as random forest to identify signature 
bacteria for acute and chronic insomnia and explore their 
links with insomnia-related emotional and inflammatory 
impairments. Nevertheless, there are some limitations of 

the current study and the findings should be considered 
with caution. First, this was a single center study, which 
may limit the generation of the microbiota-based diagnos-
tic model. Recently, He et al51 reported that host regional 
variation had a strong effect on gut microbiota composi-
tion. Multicenter studies including subjects from different 
regions of the world will be required to strengthen the 
conclusions. Second, although restrict inclusion/exclusion 
criteria were used to rule in/out participants (ie, all parti-
cipants had similar dietary habits), some participants might 
have prescribed medication intake, and there were also 
some environmental or lifestyle factors that may influence 
participants’ gut microbiota and confound our findings. 
Third, although informative, this study employed a cross- 
sectional design which could not provide evidence of 
causality. Longitudinal research is needed to confirm the 
prediction of signature bacteria on future insomnia and 
clarify temporal pathways between gut microbiota 
changes, pro-inflammatory activation, and insomnia 
pathology.

Conclusion
In summary, the current study adds to the literature by 
identifying differential gut microbiota changes in AID and 
CID patients and revealing the links between these 
changes and acute/chronic insomnia-related inflammatory 
impairments. The findings support the importance of 
including a microbiota-based strategy into auxiliary diag-
nosis for insomnia,40 and inform possible new therapeutic 
targets aimed at regulating gut microbiota in the field of 
sleep disorders. Future understanding about the pathologi-
cal mechanisms of insomnia may consider the role of gut 
microbiota.
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