? frontiers ‘ Frontiers in Psychiatry

@ Check for updates

OPEN ACCESS

EDITED BY
Jaya Kumar,
National University of Malaysia, Malaysia

REVIEWED BY
Nar Singh Chauhan,

Maharshi Dayanand University, India
Yanzhe Ning,

Capital Medical University, China

*CORRESPONDENCE
Wei-Jun Ding
dingweijun@cdutcm.edu.cn

These authors have contributed equally to
this work

RECEIVED 09 November 2023
ACCEPTED 27 May 2024
PUBLISHED 18 June 2024

CITATION

Mei Y-X, Yang K, Zhang L, Jin Y, Yang N,
Yang H, Zheng Y-L, Pang Y-S, Gong Y-J,
Zhou H, Zuo Y-L and Ding W-J (2024)
Dysrhythmic saliva microbiota in mobile
phone addicts with sleep disorders and
restored by acupuncture.

Front. Psychiatry 15:1335554.

doi: 10.3389/fpsyt.2024.1335554

COPYRIGHT
© 2024 Mei, Yang, Zhang, Jin, Yang, Yang,
Zheng, Pang, Gong, Zhou, Zuo and Ding. This
is an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Psychiatry

TvpPE Original Research
PUBLISHED 18 June 2024
DO110.3389/fpsyt.2024.1335554

Dysrhythmic saliva microbiota
in mobile phone addicts
with sleep disorders and
restored by acupuncture

Ying-Xiu Mei', Kun Yang™, Lu Zhang*, Yue Jin*, Ni Yang?,
Hong Yang'?, Ya-Li Zheng®, Yue-Shan Pang™*, Yan-Ju Gong®,
Hang Zhou*, Yu-Lin Zuo* and Wei-Jun Ding™

‘Department of Fundamental Medicine, Chengdu University of Traditional Chinese Medicine,
Chengdu, China, 2School of Medical and Life Sciences, Chengdu University of Traditional Chinese
Medicine, Chengdu, China, *The Second Clinical Medical College of North Sichuan Medical College,
Nanchong, China, “Affiliated Hospital of Chengdu University of Traditional Chinese Medicine,
Chengdu, China

Background: Mobile phone addiction (MPA) greatly affects the biological clock and
sleep quality and is emerging as a behavioral disorder. The saliva microbiota has
been linked to circadian rhythms, and our previous research revealed dysrhythmic
saliva metabolites in MPA subjects with sleep disorders (MPASD). In addition,
acupuncture had positive effects. However, the dysbiotic saliva microbiota in
MPASD patients and the restorative effects of acupuncture are unclear.

Objectives: To probe the circadian dysrhythmic characteristics of the saliva
microbiota and acupunctural restoration in MPASD patients.

Methods: MPASD patients and healthy volunteers were recruited by the Mobile
Phone Addiction Tendency Scale (MPATS) and the Pittsburgh Sleep Quality Index
(PSQI). Saliva samples were collected every 4 h for 72 h. After saliva sampling, six
MPDSD subjects (group M) were acupuncturally treated (group T), and subsequent
saliva sampling was conducted posttreatment. Finally, all the samples were
subjected to 16S rRNA gene sequencing and bioinformatic analysis.

Results: Significantly increased MPATS and PSQI scores were observed in
MPDSD patients (p< 0.01), but these scores decreased (p<0.001) after
acupuncture intervention. Compared with those in healthy controls, the
diversity and structure of the saliva microbiota in MPASD patients were
markedly disrupted. Six genera with circadian rhythms were detected in all
groups, including Sulfurovum, Peptostreptococcus, Porphyromonas and
Prevotella. There were five genera with circadian rhythmicity in healthy people,
of which the rhythmicities of the genera Rothia and Lautropia disappeared in
MPASD patients but effectively resumed after acupuncture intervention.

Conclusions: This work revealed dysrhythmic salivary microbes in MPASD
patients, and acupuncture, as a potential intervention, could be effective in
mitigating this ever-rising behavioral epidemic.

KEYWORDS

mobile phone addiction with sleep disorder (MPASD), circadian rhythm, 16S rRNA gene
sequencing, saliva microbiota, acupuncture
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1 Introduction

Mobile phone addiction (MPA) is a blooming behavioral
epidemic that impacts millions of smartphone users worldwide.
MPA is also referred to as excess use of mobile phones, problematic
mobile phone use or smartphone addiction, resulting in addiction-
like symptoms (1). Like other behavioral addictions, such as
gambling and shopping addiction, MPA is closely associated with
feeling insecure, staying up late at night, impaired school
relationships, pathological gambling, low mood and anxiety,
leisure boredom, and other behavioral problems (2). Although
current evidence is insufficient to define MPA in the Diagnostic
and Statistical Manual of Mental Disorders 5 (DSM-5), an
increasing amount of literature has confirmed that MPA is
associated with addiction features (3). In this era of widespread
internet access, the prevalence of mobile phone addiction (MPA)
among college students is rising rapidly worldwide, which is
attributable to the integral role that mobile phones play in
adolescents’ lives. For instance, the MPA prevalence before 2019
was 16% among adolescents (4), and over 25% of Chinese
adolescents were MPA subjects (5). According to Akilli G et al,
young people often tend to use their smartphones in their beds and
before going to sleep (6), leading to insufficient sleep duration (7)
and impaired sleep quality accordingly. Good sleep is beneficial to
cognitive function and the development of the central nervous
system (8); once insomnia or other sleep disorders occur,
depression (9), impaired academic performance (10) and digestive
disturbance (11-13) will consequently be present. In recent years,
accumulating literature has indicated that MPA intensively affects
sleep quality (3, 14-17). Hence, how to ameliorate MPA-associated
sleep problems has become an urgent issue.

Mobile phone addiction with sleep disorders (MPASD) is
characterized by circadian dysrhythmia syndrome. Circadian
rhythms impact virtually all lives on our planet. Circadian rhythms,
also known as biological clocks, serve as a metronome in response to
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an approximately 24-h light-dark cycle and other timed stimuli and
globally orchestrate fundamental functions, including sleep-wake
cycles, feeding patterns, hormone secretion, metabolic homeostasis
and body temperature (18). Touitou et al. reported that excessive use
of smartphones, especially at night, disrupts the rhythmicity of
nocturnal hormonal secretions such as melatonin and cortisol (19)
due to excessive exposure to blue light, resulting in circadian
dysrhythmia in MPA patients. Moreover, sleep is the key regulator
of circadian rhythmicity, and misaligned sleep leads to circadian
disorders (20). The saliva microbiota is an optimal window to divulge
the diurnal rhythmicity of the host (21, 22). As a convenient and
noninvasive sampling approach, human saliva is a useful body fluid
for revealing the dynamic pattern of the saliva microbiota and its
interaction with the status of host immunity and metabolism (23, 24).
Several publications have shown that a substantial proportion of
salivary microbes in healthy individuals exhibit circadian rhythmicity
(25-27). Misalignment between circadian disturbances and
behavioral and environmental cycles (including sleep/wake cycles,
fasting/eating cycles, and dark/light cycles) can impact mammalian
microecology, including saliva microbiota (28). It is conceivable that
the salivary circadian rhythm, as a host-related circadian signal, is
closely related to the saliva microbiota (25). However, there are no
publications focusing on dysrhythmic salivary microbiota in
MPDSD patients.

Acupuncture is an effective approach for treating sleep
problems. As a useful intervention in traditional Chinese
medicine, acupuncture has been used globally for behavioral
addiction and insomnia (29, 30). Wang and coworkers (31)
reported the modulatory effect of acupuncture on the functional
connectivity of reward and habit systems in individuals with
internet addiction. Clinical observations have elucidated the
potential efficacy of acupuncture in ameliorating circadian
disorders. This therapeutic modality has been shown to regulate
blood pressure rhythmicity in hypertensive patients (32), restore
autonomic nervous system function in night-shift workers (33) and
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rebalance sympathetic and parasympathetic activities among
individuals engaged in night-shift work (34). Increasing evidence
shows that acupuncture might be an effective and safe approach for
restoring circadian dysrhythmia in MPASD patients.

The dysrhythmic salivary microbiota of MPASD patients has
rarely been evaluated, let alone acupuncture interventions and
promising rhythmic bacteria. Saliva, as one of the most accessible
body fluids, was used to reveal diurnal oscillations in this study. The
MPATS and PSQI were used for quantitative analysis of the effects
of acupuncture. The dysrhythmic pattern of saliva microbes in
MPASD patients and the therapeutic effect of acupuncture were
investigated by 16S rRNA gene sequencing. The relationships
between the misaligned circadian rhythm in MPASD patients and
their saliva microbiota were probed. Such an attempt will
substantially contribute to the emerging field of circadian biology
on the pathological mechanism of MPA.

2 Materials and methods

2.1 Recruitment of MPASD volunteers

This work was approved by the Medical Ethics Committee of
the Affiliated Hospital, Chengdu University of Traditional Chinese
Medicine (NO: 2021KL-094) and was performed in accordance
with the Declaration of Helsinki. The details pertaining to sample
inclusion and the experimental design are presented below
(Figure 1). Briefly, all participants provided their written
informed consent before the study. MPASD patients and healthy
subjects were recruited by the Mobile Phone Addiction Tendency
Scale (MPATS) and Pittsburgh Sleep Quality Index (PSQI). The
inclusion criteria of MPASD subjects were > 40 (MPATS) and > 7
(PSQI) scores. To mitigate the impact of severe sleep disorders
(PSQI scores > 15), we recruited patients experiencing subclinical
sleep disorders (7 < PSQI scores < 15). Group N included healthy
controls characterized by MPATS (< 40) and PSQI (< 7) scores
significantly below the thresholds for inclusion in the MPASD
category. For all participants, the exclusion criteria included one
of the following conditions: 1) Oral diseases such as periodontitis,
bleeding gums or tooth decay. 2) The antibiotic regimen lasted 90
days. 3) Upper respiratory tract infection, rhinitis or pharyngitis
lasting 30 days. 4) Smokers and alcohol abusers. All enrolled
subjects completed the 72-h constant routine.

2.2 Acupuncture intervention

The acupuncture protocol was described previously (35).
MPASD patients who received acupuncture for 7 d were included
in group T. Eight acupoints, including Neiguan (PC6), Baihui
(GV20) and Anmian (EX-HN22) (Figure 2), were selected based
on acupuncture theory for sleep disorders and behavioral addictions
(36-38). Six MPASD volunteers were acupuncturally treated at
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FIGURE 1
Flow chart of the experimental design.

11:00—13:00. Acupuncture needles with a diameter of 0.35*25 mm
were inserted to a depth of 17-25 mm and kept for 15-20 min. After
the acupuncture regimen, saliva samples were collected for 16S
rRNA gene sequencing.

2.3 Collection of saliva samples

Approximately 3 ml of unstimulated saliva samples were
collected at 4 h intervals (i.e., 08:00, 12:00, 16:00, 20:00, 00:00 and
04:00) for 72 h (number of samples per subject, n = 18). All
participants were prohibited from eating or brushing 2 h before
sampling. To minimize dietary interference, all subjects received
diet education and consumed standard meals at 08:00, 12:00, and
18:00 (35). All participants were awakened< 5 min before 0:00 or
4:00 for sampling. According to the conventional habits of Chinese
people, all subjects were asked to brush their teeth before 22:00 pm
and after 8:00 am. The saliva samples were promptly placed on ice
after collection. To reduce sampling variations, every two subjects
within a group were randomly and equally mixed together, and then
their saliva samples collected at the same time point for three
consecutive days were pooled as one sample; for instance, the
pooled sample at 00:00 was equally mixed from the three
successive days sampled at 00:00 for two subjects from the same
group. This design ensured that each pooled sample was
representative and minimized individual variation. The pooled
supernatants were transferred to clean tubes and stored at -80°C
until use for DNA preparation.
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/
/ HT7

The location of acupoints. (A) Neiguan (PC6). (B) Baihui (GV20). (C) Hegu (LI4). (D) Shenting (GV24). (E) Yintang (GV29). (F) Sanyinjiao (SP6).

(G) Shenmen (HT7). (H) Anmian (EX-HN22).

2.4 DNA extraction and 16S rRNA
gene sequencing

Bacterial DNA was extracted using a Saliva DNA LQ kit
(Magen, Guangdong, China). Genomic DNA concentration and
integrity were assessed by a NanoDrop 2000 spectrophotometer
(Thermo Fisher, Waltham, MA, USA) and agarose gel
electrophoresis, respectively. PCR amplification of the V3-V4
hypervariable regions of the bacterial 16S rRNA gene was
carried out in a 25 ul reaction mixture using universal primer
pairs (343F: 5>-TACGGRAGGCAGCAG-3’; 798R: 5’-
AGGGTATCTAATCCT-3’) and purified with a QIAquick PCR
purification kit (QIAGEN). Sequencing was performed on an
Ilumina NovaSeq6000 platform with two paired-end read cycles
of 250 bases each. (Illumina Inc., San Diego, CA; OE Biotech
Company; Shanghai, China).

2.5 16S rRNA gene sequencing analysis

Paired-end reads were preprocessed using Trimmomatic
software (39) to detect and cut off ambiguous bases (N). After
trimming, paired-end reads were assembled using FLASH software
(40). The parameters of the assembly were as follows: 10 bp of
minimal overlapping, 200 bp of maximum overlapping and 20% of
maximum mismatch rate. Reads with 75% of bases above Q20 were
retained using QIIME software (version 1.8.0) (41). Then, reads
with chimera were detected and removed using VSEARCH (42).
Clean reads were subjected to primer sequence removal and
clustering to generate operational taxonomic units (OTUs) using
VSEARCH software with a 97% similarity cutoff (42). The
representative read of each OTU was selected using the QIIME
(v1.8.0) package. All representative reads were annotated and
blasted against the Silva database (version 138) using the RDP
classifier (the confidence threshold was 70%) (43). The 16S rRNA
gene amplicon sequencing and analysis were conducted by OE
Biotech Co., Ltd. (Shanghai, China).
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2.6 Data processing and
bioinformatic analysis

To assess the diversity of the bacterial community, we
computed the Chaol, ACE, Shannon, observed species, and
Simpson’s diversity indices. Beta diversity was analyzed to
determine the similarity of community structures among groups
via principal component analysis (PCA). Differential abundances at
the phylum, genus and functional module levels among the three
groups were evaluated using a Wilcoxon rank sum test. False
discovery rate (FDR) correction was applied to the calculated p
values, and an FDR-corrected p value less than 0.05 was considered
to indicate statistical significance.

To reveal the periodicity of oscillation patterns for the relative
abundance of a given taxon, the periodic discriminant method
(PDM) was used to normalize the data (25). The specific algorithm
was utilized as follows: dnorm = dn - dmin/(dmax - dmin); dn
represents each value on a given day, and dnorm, dmin and dmax
refer to the normalized, minimum and maximum values on the day,
respectively. The normalized values for each day were constrained
within the interval of [0, 1].

2.7 Assessment of the circadian rhythmicity
of saliva microbes

The circadian rhythms of saliva microbes were assessed using the
Bio Cycle online R package (https://circadiomics.igb.uci.edu/
biocycle), which enabled the estimation of the phase (LAG),
amplitude (AMP), and period (PER) of microbial abundance across
six sampling time points for three different groups. To correct for the
error discovery rate, the Benjamini—Hochberg method was
employed, and p< 0.05 was considered to indicate circadian
rhythmicity. We further utilized an online website (https://
echarts.apache.org/) to evaluate the circadian rhythm using a
cosine curve with a period of ~24 hours. This approach facilitated
the determination of the “circadian oscillatory effect” of the saliva
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microbes using a cosine equation F(t) = M + Acos(wt+ ).
Herein, M represents the median value corresponding to the
relative mean abundance of each group; A refers to the amplitude
of rhythmic oscillation, which indicates the extent of fluctuation. By
using the peak phase, we convert it to the corresponding period based
on the angular velocity ® (360°/24 h).

2.8 Statistics

Data analysis was performed using SPSS 16.0 (2010). Group
comparisons were conducted using the Friedman test. The
threshold levels for determining the differentially expressed
indices were set as FC > 2.0 or< 0.5, and p< 0.05 indicated that a
significant difference existed between groups.

3 Results

3.1 Relatively high incidences of MPA and
MPASD in recruited subjects

A total of 121 volunteers were enrolled in the questionnaire
investigation; 70 (57.85%) met the diagnostic criteria for MPA, and
56 (46.28%) met the diagnostic criteria for MPASD. Such
prevalence was much higher than that reported in previous
studies (1, 4, 5). According to Driller’s definition (44), those
included in group N were “good” sleepers, whereas those in
group M were “poor” sleepers. Six MPASD patients and six age-
and sex-matched healthy volunteers were randomly assigned to
groups M and N, respectively, without significant differences in age
(24.50 + 3.27 vs. 24.67 £ 3.01, p = 0.93) or body mass index (BMI)
(21.02 + 0.97 vs 20.82 + 1.16, p = 0.75). The average MPATS
(48.00 + 7.77) and PSQI (10.33 + 2.42) scores in group M were
significantly higher than the average MPATS (31.50 + 2.25) and
PSQI (3.16 + 2.13) scores in group N. Compared with group M,
acupuncture intervention substantially restored the MPATS
(48.00 + 7.77 vs 39.83 + 4.17, p = 0.0467) and PSQI (10.33 + 2.42
vs 4.83 £ 1.17, p = 0.0005) scores (35).

3.2 Misaligned saliva microbiota in MPASD
patients restored by acupuncture

There were no significant differences in any alpha diversity
indices (p > 0.05) (Figures 3A-D), whereas the [ diversity indices
were significantly different (p< 0.05) (Figure 3E). To investigate
circadian rhythmicity, we performed analyses after normalization of
the alpha diversity coefficients (see the periodic discriminant
method in Materials and methods) based on six time points,
including Shannon (Figure 3F), Chaol (Figure 3G) and ACE
(Figure 3H) indices. Both Chaol and ACE indices in healthy
volunteers exhibited clear oscillation patterns throughout the day,
with peaks at 12:00 and troughs at 8:00. Compared with healthy
controls, group M showed a prolonged and smooth pattern from
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8:00 to 16:00 (Figure 3F). Similar circadian oscillation patterns in
the MPASD subjects disappeared, and these patterns mostly
resumed after acupuncture intervention (Figures 3F-H). In
addition, the Venn diagram showed that the three groups shared
3026 OTUs, whereas the N/M and T/N groups shared 3208 and
3198 OTUs, respectively (Figure 3I). A total of 417 and 597 OTUs
were uniquely derived from groups N and M, respectively.

3.3 Dysbiotic salivary microbiota in MPASD
patients rescued by acupuncture

The top five phyla, including Bacteroidota, Firmicutes,
Proteobacteria, Actinobacteria, and Fusobacteria, are shown in
Figure 4A. The top 8 genera in healthy subjects collectively
comprised more than 70% of the saliva microbiota (Figure 4B).
There was an increased abundance of the genera Bacteroides and
Neisseria in MPASD subjects, while Streptococcus and Haemophilus
decreased. Remarkably, acupuncture largely rescued the
abundances of the genera Streptococcus and Haemophilus.

3.4 Dysthermic salivary microbes in MPASD
patients rescued by acupuncture

There were 34, 32 and 24 genera with circadian rhythms
detected in the N, M, and T groups, respectively (Figure 5A;
Supplementary Table 1). Figure 5B shows 19 genera with
circadian rhythmicity in group M. Subsequently, the relevant
parameters of the bacteria displaying circadian rhythm were
compared among the three groups. Most of the bacteria in each
group were detected at 0:00 in terms of phase. The remaining genera
in group N showed a phase indication from 06:00 to 12:00. The
phases of group M were scattered at various time points, while the
phase distribution in group T was similar to that in group N
(Figure 5C). There were no significant differences in amplitude
(Figure 5D) or period (Figure 5E) among the three groups.

Further analysis revealed that six genera, including
Peptostreptococcus, Porphyromonas and Prevotella, exhibited
circadian rhythmicity in all three groups, suggesting that a set of
innate bacteria with diurnal rhythms are persistently present within
the oral cavity (Table 1). Interestingly, the circadian rhythms of five
genera, Haemophilus and Oceanirhabdus, in healthy volunteers
disappeared in MPASD patients and resumed after acupuncture
intervention (Table 2).

To define the impact of dysrhythmic circadian microbes, those
with less than 1% abundance were excluded from this analysis.
Consequently, only three genera (Porphyromonas, Prevotella and
Haemophilus) were subjected to cosine analysis, which
demonstrated oscillations in their relative abundances. Notably,
the genera Porphyromonas (Figure 6A) and Prevotella (Figure 6B)
exhibited persistent rhythmic oscillations in all three groups. The
genus Haemophilus exhibited atypical circadian rhythmicity in
MPASD patients, but acupuncture intervention restored its
rhythmic oscillation (Figure 6C).
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Misaligned community of saliva microbes in MPASD patients restored by acupuncture intervention. The o diversity of the saliva microbiota was
displayed by Chaol (A), observed species (B), Shannon (C) and Simpson (D) indices (nonparametric Kruskal-Wallis test, p>0.05). (E) Principal
component analysis (PCA) using unweighted UniFrac showed structural differences in the saliva microbiota (p<0.05). The circadian oscillations
among the three groups were analyzed based on the a diversity coefficient and are presented as the Shannon (F), Chaol (G) and ACE (H) indices.

Shared and unique OTUs are shown in a Venn diagram (l). *p < 0.05.

4 Discussion

The circadian rhythm impacts virtually all lives on our planet,
serves as a metronome in response to an ~24-h light-dark cycle,
and orchestrates fundamental functions, including sleep-wake
cycles, feeding patterns, metabolic homeostasis and body
temperature (18). Significant alterations in the saliva microbiota
have been observed (45), and dysrhythmic microbiota could
disrupt the host’s immunity and metabolic complications (46).
However, the study of how the microbiota interacts with the host’s
circadian rhythm is still in its infancy (18). Our present work is the
first to probe the circadian dysrhythmia of the saliva microbiota in
MPASD patients.

We first observed abnormally high ratios of both MPA and
MPASD, even compared to the rapidly increasing prevalence of
MPA (47, 48). Our study revealed that 57.85% and 46.28% of the
recruited volunteers met the diagnostic criteria for MPA and
MPASD, respectively. The extremely high “prevalence” obtained
by our team might be partly due to our aim of subject collection.
The aim of this questionnaire investigation was to recruit MPASD
volunteers; therefore, those highly suspected to have MPASD were
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encouraged to participate rather than relying on random sampling
in prevalence studies.

Second, the dysbiotic saliva microbiota was investigated in
MPASD patients who were rescued by acupuncture intervention.
The o diversity assessment did not show significant differences
among the three groups, suggesting relative robustness in the
microbiota community. However, when performing the 24-h time
series analysis, the o diversity showed remarkable oscillation in
dominant bacterial richness in healthy subjects. However, this
oscillation disappeared in MPASD patients and resumed after
acupuncture. Similar oscillations in the diversity of saliva
microbiota have been investigated, but the outcomes are not fully
consistent. For instance, Sarkar et al. (25) did not observe salivary
oscillation, possibly because their sampling period did not span 24
h. On the other hand, significant differences were detected based on
the unweighted UniFrac distance for PCA (Figure 2I), indicating
mild dysbiosis of the saliva microbiota in MPASD patients who
were largely restored by acupuncture.

Third, the basic structure of the saliva microbiota investigated
by our team was similar to that in a previous study (49),
characterized by a few dominant phyla, including Bacteroidetes,
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Firmicutes, Proteobacteria, Actinobacteria and Fusobacteria.
Interestingly, our results revealed an increased abundance of the
genera Bacteroides and Neisseria in MPASD subjects and decreased
abundances of Streptococcus and Haemophilus. Streptococcus is the
major genus associated with oral health (50), and the abundance of
salivary Haemophilus is significantly elevated in healthy individuals
(48-50). Hence, the decreased abundance of Streptococcus and
Haemophilus might be involved in certain oral diseases in
MPASD patients. Notably, acupuncture markedly restored the
relative abundance of these genera.

Finally, we believe that our work provides the first evidence of
circadian dysrhythm in saliva microbes in MPASD patients. A total of
34, 32 and 24 genera with circadian rhythmicity were observed in the
saliva microbiota derived from the N, M and T groups, respectively.
Marked oscillations in the genera Porphyromonas, Prevotella and
Haemophilus were investigated in healthy volunteers, consistent with
previous reports (23, 25, 51). The oscillation of five genera was

disrupted in MPASD subjects but reappeared after acupuncture,
suggesting that acupuncture intervention effectively restored the
disrupted rhythms of these genera. Interestingly, four genera,
including Sulfurovum, exhibited circadian rhythms in healthy
subjects. The genera Sulfurovum (52, 53), Peptostreptococcus and
Porphyromonas (54) are considered pathogens of periodontal
diseases. These interesting findings suggest the possibility of low-
level carriage of potential pathogens in healthy subjects (52).
Although the exact pathological effect of these diurnal dysrhythmic
genera in the saliva niche is still unclear, to the best of our knowledge,
this is the first evidence that behavioral addictions, including MPA,
disrupt circadian rhythmicity in saliva microbes. Such investigations
strongly require further exploration.

Limitations and future directions of this work must be
acknowledged. First, some data were collected through self-
reported measures of participants, which may be subjective and
lead to biased responses. Second, considering the clock-dependent
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FIGURE 5

Saliva microbes with circadian rhythmicity. (A) The Venn diagram above shows the number of saliva microbes with circadian rhythmicity (upper), the
intersection size (middle) and the various combinations (bottom) (p< 0.05). (B) The bubble map shows 19 unique genera with circadian rhythmicity in
group M. The phase (C), amplitude (D) and period (E) of saliva microbes with circadian rhythmicity (p > 0.05) derived from groups M, T and N.

" p>0.05.
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TABLE 1 Saliva bacteria with circadian rhythmicity shared by all groups.

10.3389/fpsyt.2024.1335554

TABLE 2 Saliva bacterial genera disappeared circadian rhythmicity in
MPASD subjects but resumed circadian rhythmicity after

Group N Group M Group T acupuncture intervention.
p value Group N GroupM  Group T

Prevotella 0.03640 0.01629 0.01629 p value
Porphyromonas 0.00632 0.00258 0.04406

Peptostreptococcus 0.00434 0.00434 0.02670 Haemophilus 0.01449 0.05036 0.02370
Sulfurovum 0.00004 0.01795 0.02011 Carboxylicivirga 0.04817 0.13308 0.04263
Erysipelotrichaceae_UCG-003 | 0.02730 0.02766 0.02730 Oceanirhabdus 0.04259 0.06320 0.01788
Burkholderia-Caballeronia- 0.00038 0.01471 0.00651 Brachymonas 0.04763 1.00000 0.04763
Paraburkholderia NB1-j 0.03402 0.39313 0.03402

" st T . e g e e g
FIGURE 6

Visual curves of the circadian rhythms in saliva microbes obtained by cosine analysis. The genera Porphyromonas (A) and Prevotella (B) exhibited
typical circadian rhythmicity in all groups. (C) The genus Haemophilus displayed circadian rhythmicity in healthy volunteers (group N) and was
disrupted in MPASD subjects (group M) but restored after acupuncture intervention (group N). The cosine models were based on precise circadian
phase data. To demonstrate the adequacy of these models in fitting the actual data, average data grouped into 60-circadian degree windows
(approximately 4-hour resolution) were also plotted. The bottom X-axis indicates the circadian phase, with 0° representing the nocturnal O point of
the fit. The top X-axes indicate the corresponding average clock time in these participants, and the Y-axis corresponds to the cosine calculated from

the relative abundance of each group.

oscillation of circadian rhythm, our sample size was relatively small.
To address this issue, future studies should include larger sample
sizes to examine the impact of MPASD on the saliva microbiota.

5 Conclusion

Our study reported for the first time the circadian dysrhythmicity
of saliva microbes in MPASD patients in which acupuncture can be
effectively restored by acupuncture, indicating a potential
intervention for MPASD, an ever-rising behavioral epidemic.

Data availability statement
The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession

number(s) can be found below: https://www.ncbinlm.nih.gov/,
PRJNA1039706.

Ethics statement

The studies involving humans were approved by the Medical
Ethics Committee of the Affiliated Hospital, Chengdu University of

Frontiers in Psychiatry

Traditional Chinese Medicine. The studies were conducted in
accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study. Written informed consent was
obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Author contributions

Y-XM: Data curation, Visualization, Writing — original draft.
KY: Data curation, Formal analysis, Visualization, Writing — review
& editing. LZ: Investigation, Resources, Writing — review & editing.
YJ: Investigation, Resources, Writing - review & editing. NY:
Investigation, Resources, Writing - review & editing.
HY: Investigation, Resources, Writing — review & editing. Ya-LZ:
Investigation, Resources, Writing - review & editing. Y-SP:
Methodology, Project administration, Writing - review & editing.
Y-JG: Methodology, Project administration, Writing — review &
editing. HZ: Visualization, Writing - review & editing. Yu-LZ:
Methodology, Project administration, Writing — review & editing.
W-JD: Conceptualization, Funding acquisition, Writing — review
& editing.

frontiersin.org


https://www.ncbi.nlm.nih.gov/
https://doi.org/10.3389/fpsyt.2024.1335554
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Mei et al.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was funded by the National Natural Science Foundation of China
(No. 82074151), the “Xinglin Scholars” Program, Chengdu University
of Traditional Chinese Medicine (No. MPRC2022023) and Chengdu
Health Commission Research Project (No. 202317033303).

Conflict of interest

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

References

1. Feng Z, Diao Y, Ma H, Liu M, Long M, Zhao S, et al. Mobile phone addiction and
depression among Chinese medical students: the mediating role of sleep quality and the
moderating role of peer relationships. BMC Psychiatry. (2022) 22:567. doi: 10.1186/
512888-022-04183-9

2. Zhang G, Yang X, Tu X, Ding N, Lau JTF. Prospective relationships between
mobile phone dependence and mental health status among Chinese undergraduate
students with college adjustment as a mediator. J Affect Disord. (2020) 260:498-505.
doi: 10.1016/j.jad.2019.09.047

3. Li G, Conti AA, Qiu C, Tang W. Adolescent mobile phone addiction during the
COVID-19 pandemic predicts subsequent suicide risk: a two-wave longitudinal study.
BMC Public Health. (2022) 22:1537. doi: 10.1186/s12889-022-13931-1

4. Sahu M, Gandhi S, Sharma MK. Mobile phone addiction among children and
adolescents. ] Addict Nurs. (2019) 30:261-8. doi: 10.1097/JAN.0000000000000309

5. Kang Y, Liu S, Yang L, Xu B, Lin L, Xie L, et al. Testing the bidirectional
associations of mobile phone addiction behaviors with mental distress, sleep
disturbances, and sleep patterns: A one-year prospective study among chinese
college students. Front Psychiatry. (2020) 11:634. doi: 10.3389/fpsyt.2020.00634

6. Kaplan Akilli G, Gezgin DM. Examination of the relationship between
nomophobia levels and different behavior patterns of university students. Mehmet
Akif Ersoy Univ ] Educ Faculty. (2016) 1(40). doi: 10.21764/efd.80423

7. Kamibeppu K, Sugiura H. Impact of the mobile phone on junior high-school
students’ friendships in the Tokyo metropolitan area. Cyberpsychol Behav. (2005) 8
(2):121-30. doi: 10.1089/cpb.2005.8.121

8. Kuang H, Zhu Y-G, Zhou Z-F, Yang M-W, Hong F-F, Yang S-L. Sleep disorders
in Alzheimer’s disease: the predictive roles and potential mechanisms. Neural Regener
Res. (2021) 16:1965. doi: 10.4103/1673-5374.308071

9. Desouky DE-S, Abu-Zaid H. Mobile phone use pattern and addiction in relation
to depression and anxiety. Eastern Mediterr Health J. (2020) 26:692-9. doi: 10.26719/
emhj.20.043

10. Liu X, Luo Y, Liu Z-Z, Yang Y, Liu J, Jia C-X. Prolonged mobile phone use is
associated with poor academic performance in adolescents. Cyberpsychol Behav Soc
Netw. (2020) 23:303-11. doi: 10.1089/cyber.2019.0591

11. Cremonini F, Camilleri M, Zinsmeister AR, Herrick LM, Beebe T, Talley NJ.
Sleep disturbances are linked to both upper and lower gastrointestinal symptoms in the
general population. Neurogastroenterol Motil. (2009) 21:128-35. doi: 10.1111/§.1365-
2982.2008.01181.x

12. Orr WC, Fass R, Sundaram SS, Scheimann AO. The effect of sleep on
gastrointestinal functioning in common digestive diseases. Lancet Gastroenterol
Hepatol. (2020) 5:616-24. doi: 10.1016/S2468-1253(19)30412-1

13. Ballou S, Alhassan E, Hon E, Lembo C, Rangan V, Singh P, et al. Sleep
disturbances are commonly reported among patients presenting to a
gastroenterology clinic. Dig Dis Sci. (2018) 63:2983-91. doi: 10.1007/s10620-018-
5237-7

14. Lissak G. Adverse physiological and psychological effects of screen time on
children and adolescents: Literature review and case study. Environ Res. (2018)
164:149-57. doi: 10.1016/j.envres.2018.01.015

15. Yoon J-Y, Jeong K-H, Cho HJ. The effects of children’s smartphone addiction on
sleep duration: the moderating effects of gender and age. Int ] Environ Res Public
Health. (2021) 18:5943. doi: 10.3390/ijerph18115943

Frontiers in Psychiatry

10.3389/fpsyt.2024.1335554

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2024.
1335554/full#supplementary-material

16. Kaya F, Bostanci Dagtan N, Durar E. Smartphone usage, sleep quality and
depression in university students. Int J Soc Psychiatry. (2021) 67:407-14. doi: 10.1177/
0020764020960207

17. Lane H-Y, Chang C-J, Huang C-L, Chang Y-H. An Investigation into
Smartphone Addiction with Personality and Sleep Quality among University
Students. Int ] Environ Res Public Health. (2021) 18:7588. doi: 10.3390/ijerph18147588

18. Alvarez Y, Glotfelty LG, Blank N, Dohnalova L, Thaiss CA. The microbiome as a
circadian coordinator of metabolism. Endocrinology. (2020) 161(6). doi: 10.1210/
endocr/bqaa059

19. Touitou Y, Reinberg A, Touitou D. Association between light at night, melatonin
secretion, sleep deprivation, and the internal clock: Health impacts and mechanisms of
circadian disruption. Life Sci. (2017) 173. doi: 10.1016/j.1fs.2017.02.008

20. Archer SN, Laing EE, Moller-Levet CS, van der Veen DR, Bucca G, Lazar AS,
et al. Mistimed sleep disrupts circadian regulation of the human transcriptome. Proc
Natl Acad Sci USA. (2014) 111(6):E682-91. doi: 10.1073/pnas.1316335111

21. MaH, LiY, Liang H, Chen S, Pan S, Chang L, et al. Sleep deprivation and a non—
24-h working schedule lead to extensive alterations in physiology and behavior. FASEB
J. (2019) 33:6969-79. doi: 10.1096/j.201802727R

22. Nobs SP, Tuganbaev T, Elinav E. Microbiome diurnal rhythmicity and its impact
on host physiology and disease risk. EMBO Rep. (2019) 20(4). doi: 10.15252/
embr.201847129

23. Verma D, Garg PK, Dubey AK. Insights into the human oral microbiome. Arch
Microbiol. (2018) 200:525-40. doi: 10.1007/s00203-018-1505-3

24. Peng X, Cheng L, You Y, Tang C, Ren B, Li Y, et al. Oral microbiota in human
systematic diseases. Int J Oral Sci. (2022) 14:14. doi: 10.1038/s41368-022-00163-7

25. Takayasu L, Suda W, Takanashi K, lioka E, Kurokawa R, Shindo C, et al.
Circadian oscillations of microbial and functional composition in the human salivary
microbiome. DNA Res. (2017) 24:261-70. doi: 10.1093/dnares/dsx001

26. Collado MC, Engen PA, Bandin C, Cabrera-Rubio R, Voigt RM, Green §], et al.
Timing of food intake impacts daily rhythms of human salivary microbiota: a
randomized, crossover study. FASEB J. (2018) 32:2060-72. doi: 10.1096/
1j.201700697RR

27. Sarkar A, Kuehl MN, Alman AC, Burkhardt BR. Linking the oral microbiome
and salivary cytokine abundance to circadian oscillations. Sci Rep. (2021) 11:2658.
doi: 10.1038/541598-021-81420-3

28. Chellappa SL, Engen PA, Naqib A, Qian J, Vujovic N, Rahman N, et al. Proof-of-
principle demonstration of endogenous circadian system and circadian misalignment
effects on human oral microbiota. FASEB J. (2022) 36(1):e22043. doi: 10.1096/
£j.202101153R

29. Amorim D, Amado J, Brito I, Fiuza SM, Amorim N, Costeira C, et al.
Acupuncture and electroacupuncture for anxiety disorders: A systematic review of
the clinical research. Complement Ther Clin Pract. (2018) 31:31-7. doi: 10.1016/
j.ctep.2018.01.008

30. Zeng L, Tao Y, Hou W, Zong L, Yu L. Electroacupuncture improves psychiatric
symptoms, anxiety and depression in methamphetamine addicts during abstinence.
Medicine. (2018) 97:e11905. doi: 10.1097/MD.0000000000011905

31. Wang Y, Qin Y, Li H, Yao D, Sun B, Li Z, et al. The modulation of reward and
habit systems by acupuncture in adolescents with internet addiction. Neural Plast.
(2020) 2020:1-9. doi: 10.1155/2020/7409417

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1335554/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1335554/full#supplementary-material
https://doi.org/10.1186/s12888&ndash;022-04183&ndash;9
https://doi.org/10.1186/s12888&ndash;022-04183&ndash;9
https://doi.org/10.1016/j.jad.2019.09.047
https://doi.org/10.1186/s12889&ndash;022-13931&ndash;1
https://doi.org/10.1097/JAN.0000000000000309
https://doi.org/10.3389/fpsyt.2020.00634
https://doi.org/10.21764/efd.80423
https://doi.org/10.1089/cpb.2005.8.121
https://doi.org/10.4103/1673&ndash;5374.308071
https://doi.org/10.26719/emhj.20.043
https://doi.org/10.26719/emhj.20.043
https://doi.org/10.1089/cyber.2019.0591
https://doi.org/10.1111/j.1365&ndash;2982.2008.01181.x
https://doi.org/10.1111/j.1365&ndash;2982.2008.01181.x
https://doi.org/10.1016/S2468&ndash;1253(19)30412&ndash;1
https://doi.org/10.1007/s10620&ndash;018-5237&ndash;7
https://doi.org/10.1007/s10620&ndash;018-5237&ndash;7
https://doi.org/10.1016/j.envres.2018.01.015
https://doi.org/10.3390/ijerph18115943
https://doi.org/10.1177/0020764020960207
https://doi.org/10.1177/0020764020960207
https://doi.org/10.3390/ijerph18147588
https://doi.org/10.1210/endocr/bqaa059
https://doi.org/10.1210/endocr/bqaa059
https://doi.org/10.1016/j.lfs.2017.02.008
https://doi.org/10.1073/pnas.1316335111
https://doi.org/10.1096/fj.201802727R
https://doi.org/10.15252/embr.201847129
https://doi.org/10.15252/embr.201847129
https://doi.org/10.1007/s00203&ndash;018-1505&ndash;3
https://doi.org/10.1038/s41368&ndash;022-00163&ndash;7
https://doi.org/10.1093/dnares/dsx001
https://doi.org/10.1096/fj.201700697RR
https://doi.org/10.1096/fj.201700697RR
https://doi.org/10.1038/s41598&ndash;021-81420&ndash;3
https://doi.org/10.1096/fj.202101153R
https://doi.org/10.1096/fj.202101153R
https://doi.org/10.1016/j.ctcp.2018.01.008
https://doi.org/10.1016/j.ctcp.2018.01.008
https://doi.org/10.1097/MD.0000000000011905
https://doi.org/10.1155/2020/7409417
https://doi.org/10.3389/fpsyt.2024.1335554
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Mei et al.

32. Kim H-M, Cho S-Y, Park S-U, Sohn I-S, Jung W-S, Moon S-K, et al. Can
acupuncture affect the circadian rhythm of blood pressure? A randomized, double-
blind, controlled trial. J Altern Complementary Med. (2012) 18:918-23. doi: 10.1089/
acm.2011.0508

33. Shergis JL, Ni X, Jackson ML, Zhang AL, Guo X, Li Y, et al. A systematic review
of acupuncture for sleep quality in people with insomnia. Complement Ther Med.
(2016) 26:11-20. doi: 10.1016/j.ctim.2016.02.007

34. Hwang DS, Kim HK, Seo JC, Shin IH, Kim DH, Kim YS. Sympathomodulatory
effects of Saam acupuncture on heart rate variability in night-shift-working nurses.
Complement Ther Med. (2011) 19(Suppl 1):533-40. doi: 10.1016/j.ctim.2010.11.001

35. Yang H, Yang K, Zhang L, Yang N, Mei Y-X, Zheng Y-L, et al. Acupuncture
ameliorates Mobile Phone Addiction with sleep disorders and restores salivary
metabolites rhythm. Front Psychiatry. (2023) 14:1106100. doi: 10.3389/
fpsyt.2023.1106100

36. Wang C, Yang W, Yu X, Fu C, Li ], Wang J, et al. Acupuncture for insomnia with
short sleep duration: protocol for a randomised controlled trial. BMJ Open. (2020) 10:
€033731. doi: 10.1136/bmjopen-2019-033731

37. Yeung W-F, Chung K-F, Zhang Z-J, Zhang S-P, Chan W-C, Ng RM-K, et al.
Electroacupuncture for tapering off long-term benzodiazepine use: A randomized
controlled trial. J Psychiatr Res. (2019) 109:59-67. doi: 10.1016/j.jpsychires.2018.11.015

38. Huangfu Y, Peng W, Guo B, Shen Z, Li L, Liu S, et al. Effects of acupuncture in
treating insomnia due to spleen-stomach disharmony syndrome and its influence on
intestinal microbiome: Study protocol for a randomized controlled trial. J Integr Med.
(2019) 17:161-6. doi: 10.1016/j.joim.2019.01.007

39. Bolger AM, Lohse M, Usadel B. Trimmomatic: A flexible trimmer for Illumina
sequence data. Bioinformatics. (2014) 30(15):2114-20. doi: 10.1093/bioinformatics/
btul70

40. Reyon D, Tsai SQ, Khgayter C, Foden JA, Sander JD, Joung JK. FLASH assembly
of TALENS for high-throughput genome editing. Nat Biotechnol. (2012) 30(5):460-5.
doi: 10.1038/nbt.2170

41. Caporaso JG, Kuczynski ], Stombaugh J, Bittinger K, Bushman FD, Costello EK,
et al. QIIME allows analysis of high-throughput community sequencing data. Nat
Methods. (2010) 7(5):335-6. doi: 10.1038/nmeth.£.303

42. Rognes T, Flouri T, Nichols B, Quince C, Maheé F. VSEARCH: A versatile open
source tool for metagenomics. Peer]. (2016) 4:¢2584. doi: 10.7717/peer;j.2584

Frontiers in Psychiatry

10

10.3389/fpsyt.2024.1335554

43. Wang Q, Garrity GM, Tiedje JM, Cole JR. Naive Bayesian classifier for rapid
assignment of rRNA sequences into the new bacterial taxonomy. Appl Environ
Microbiol. (2007) 73(16):5261-7. doi: 10.1128/ AEM.00062-07

44. Driller M, Uiga L. The influence of night-time electronic device use on
subsequent sleep and propensity to be physically active the following day.
Chronobiol Int. (2019) 36:717-24. doi: 10.1080/07420528.2019.1588287

45. Dong T, Zhao F, Yuan K, Zhu X, Wang N, Xia F, et al. Association between
serum thyroid-stimulating hormone levels and salivary microbiome shifts. Front Cell
Infect Microbiol. (2021) 11:603291. doi: 10.3389/fcimb.2021.603291

46. Butler TD, Gibbs JE. Circadian host-microbiome interactions in immunity.
Front Immunol. (2020) 11:1783. doi: 10.3389/fimmu.2020.01783

47. Gao L, Zhang ], Xie H, Nie Y, Zhao Q, Zhou Z. Effect of the mobile phone-related
background on inhibitory control of problematic mobile phone use: An event-related
potentials study. Addictive Behav. (2020) 108:106363. doi: 10.1016/j.addbeh.2020.106363

48. Li T, Zhang D, QuY, Zhai S, Xie Y, Tao S, et al. Association between trajectories
of problematic mobile phone use and chronotype among Chinese college students.
Addictive Behav. (2022) 134:107398. doi: 10.1016/j.addbeh.2022.107398

49. Belstrom D, Holmstrup P, Nielsen CH, Kirkby N, Twetman S, Heitmann BL,
et al. Bacterial profiles of saliva in relation to diet, lifestyle factors, and socioeconomic
status. J Oral Microbiol. (2014) 6:23609. doi: 10.3402/jom.v6.23609

50. Belstrom D, Holmstrup P, Bardow A, Kokaras A, Fiehn N-E, Paster BJ.
Temporal stability of the salivary microbiota in oral health. PloS One. (2016) 11:
€0147472. doi: 10.1371/journal.pone.0147472

51. Little T], Shuker DM, Colegrave N, Day T, Graham AL. The coevolution of
virulence: tolerance in perspective. PloS Pathog. (2010) 6:¢1001006. doi: 10.1371/
journal.ppat.1001006

52. Nakagawa S, Takaki Y, Shimamura S, Reysenbach A-L, Takai K, Horikoshi K.
Deep-sea vent e-proteobacterial genomes provide insights into emergence of
pathogens. Proc Natl Acad Sci. (2007) 104:12146-50. doi: 10.1073/pnas.0700687104

53. Pérez-Rodriguez I, Bolognini M, Ricci J, Bini E, Vetriani C. From deep-sea
volcanoes to human pathogens: a conserved quorum-sensing signal in
Epsilonproteobacteria. ISME J. (2015) 9:1222-34. doi: 10.1038/isme;j.2014.214

54. Na HS, Kim SY, Han H, Kim H-J, Lee J-Y, Lee J-H, et al. Identification of
potential oral microbial biomarkers for the diagnosis of periodontitis. J Clin Med.
(2020) 9:1549. doi: 10.3390/jcm9051549

frontiersin.org


https://doi.org/10.1089/acm.2011.0508
https://doi.org/10.1089/acm.2011.0508
https://doi.org/10.1016/j.ctim.2016.02.007
https://doi.org/10.1016/j.ctim.2010.11.001
https://doi.org/10.3389/fpsyt.2023.1106100
https://doi.org/10.3389/fpsyt.2023.1106100
https://doi.org/10.1136/bmjopen-2019&ndash;033731
https://doi.org/10.1016/j.jpsychires.2018.11.015
https://doi.org/10.1016/j.joim.2019.01.007
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1038/nbt.2170
https://doi.org/10.1038/nmeth.f.303
https://doi.org/10.7717/peerj.2584
https://doi.org/10.1128/AEM.00062&ndash;07
https://doi.org/10.1080/07420528.2019.1588287
https://doi.org/10.3389/fcimb.2021.603291
https://doi.org/10.3389/fimmu.2020.01783
https://doi.org/10.1016/j.addbeh.2020.106363
https://doi.org/10.1016/j.addbeh.2022.107398
https://doi.org/10.3402/jom.v6.23609
https://doi.org/10.1371/journal.pone.0147472
https://doi.org/10.1371/journal.ppat.1001006
https://doi.org/10.1371/journal.ppat.1001006
https://doi.org/10.1073/pnas.0700687104
https://doi.org/10.1038/ismej.2014.214
https://doi.org/10.3390/jcm9051549
https://doi.org/10.3389/fpsyt.2024.1335554
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Dysrhythmic saliva microbiota in mobile phone addicts with sleep disorders and restored by acupuncture
	1 Introduction
	2 Materials and methods
	2.1 Recruitment of MPASD volunteers
	2.2 Acupuncture intervention
	2.3 Collection of saliva samples
	2.4 DNA extraction and 16S rRNA gene sequencing
	2.5 16S rRNA gene sequencing analysis
	2.6 Data processing and bioinformatic analysis
	2.7 Assessment of the circadian rhythmicity of saliva microbes
	2.8 Statistics

	3 Results
	3.1 Relatively high incidences of MPA and MPASD in recruited subjects
	3.2 Misaligned saliva microbiota in MPASD patients restored by acupuncture
	3.3 Dysbiotic salivary microbiota in MPASD patients rescued by acupuncture
	3.4 Dysthermic salivary microbes in MPASD patients rescued by acupuncture

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



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

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


