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CHANGES IN GUT MICROBIOTA COMPOSITION AND THEIR ASSOCIATIONS WITH CORTISOL,
MELATONIN AND INTERLEUKIN 6 IN PATIENTS WITH CHRONIC INSOMNIA

Masyutina AA, Gumenyuk LN =, Fatovenko YuV, Sorokina LE, Bayramova SS, Alekseenko Al, Shavrov YuV, Romanova AA, Seydametova DI
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The relationship between the gut microbiota and chronic insomnia remains understudied. The aim of this paper was to investigate changes in the taxonomic
composition of the gut microbiota and their associations with the levels of cortisol, melatonin and IL6 in patients with chronic insomnia. Our comparative prospective
cross-sectional study enrolled 55 patients with chronic insomnia, who formed the main group (female patients: 58.2%, male patients: 41.8%; mean age 31.6 + 7.4
years), and 50 healthy volunteers, who comprised the control group (females: 68.0%, males: 32.0%; mean age 33.2 + 6.6 years). The taxonomic composition of
the gut microbiota was profiled using 16S rRNA gene sequencing. Plasma cortisol and IL 6 and urine melatonin were measured by means of ELISA. Sleep quality
was evaluated using the Pittsburgh Sleep Quality Index (PSQI). In patients with chronic insomnia, the abundance of Faecalibacterium (p = 0.048), Prevotella 9
(p < 0.001) and Lachnospira (p = 0.036) was lower, whereas the abundance of Blautia (p = 0.012) and Eubacteriumhallii (o = 0.003) was higher than in healthy
volunteers. Significant correlations were established between the levels of IL6 and the abundance of Faecalibacterium (r = -0.44; p = 0.001) and Blautia (r = 0.42;
p < 0.001), as well as between cortisol concentrations and the abundance of Lachnospira (r = -0.41; p = 0.048). The abundance of Faecalibacterium and Blautiac
was correlated with higher PSQI (- = -0.47, p = 0.001; r = 0.45, p < 0.001, respectively). Our study contributed to the pool of data about changes in the gut
microbiota and their associations with some endocrine and inflammation markers in patients with chronic insomnia. These data can be exploited to propose new
strategies for the diagnosis and personalized treatment of insomnia aimed at normalizing the patient’s gut microbiota.
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M3MEHEHUA MUKPOBUOTbI KULLEYHUKA U NX CBA3b C KOPTU30J10M, MEJIATOHNHOM
W UHTEPNTIEMKWHOM-6 ¥ JIUL, C XPOHUYECKOW MHCOMHUEN

A. A. MactotuHa, J1. H. T'ymeniok B2, 1O, B. ®atoserko, J1. E. CopokuHa, C. C. Banpamosa, A. W. Anekceerko, 0. B. LLlaBpos, A. A. PomaHoBa,
0. . CenpameTtoBa

KpbiMckuin hegepanbHbiit yHuBepeuTeT nMenmn B. V1. BepHagckoro, Cumdeponons, Poccuns

Ha ceropHsILLHWIA fieHb akTyanbHO OCTaeTcst npobnema B3aMMOCBSA3M MUKPOOMOTbI KULLEYHMKA U XPOHUHECKON MHCOMHMM. Llenbto nccnenoBanvst 6bi10 n3yymnts
MN3MEHEHNST TAKCOHOMMYECKOrO COCTaBa MUKPOBUOTbI KULLIEYHKA 1 XapakTep MX B3aMMOCBA3N C KOPTU3OMIOM, MENATOHMHOM W IL6 y fnL, C XPOHUHECKOM
VHCOMHMEN. B OHOMOMEHTHOM CPaBHUTENBHOM MPOCNEKTUBHOM UCCNEA0BAHWM MPUHANM ydacTne 55 nnL ¢ XPOHWUHECKOW MHCOMHUE (OCHOBHasS rpynna:
YKEHLLMHBI — 58,2%, My>xx4uHbl — 41,8%; cpennuin BospacT — 31,6 + 7,4 neT) 1 50 L, 6e3 MHCOMHUM (KOHTPOSbHasH rpynna: >XeHLLHbl — 68,0%, My>XXYuHbI —
32,0%; cpegHuin BogpacT — 33,2 + 6,6 net). OueHnBanm TakCOHOMUYECKMIA COCTaB MUKPOBUOTbI KULLEYHMKA METOAOM CekBeHUpoBaHust reHa 16S rRNA.
Onpegenanv ypoBHU kopTraona 1 IL6 B nnadme KpoBW, MenaToHnHa B MO4e C MOMOLLIbIO IMMYHO(EPMEHTHOMO aHanmaa. [ns OLeHKM ka4ecTBa CHa MCnonbL30Bam
onpocHVK PSQI. Y nnL, ¢ XPOHNHECKOW MHCOMHIEN 0BHapPY>KEHbI CTATUCTUHECKW 3HAYNMOE CHVDKEHWE Y1CNEeHHOCTY Faecalibacterium (p = 0,048), Prevotella 9
(o < 0,001) n Lachnospira (p = 0,036) 1 noBblLeHWe YmcneHHocTn Blautia (p = 0,012) 1 Eubacteriumhallii (o = 0,003). YcTaHOBNEHbI CTATUCTUHECKM 3HAYMMbIE
Koppenaumn 3HaqeHnin IL6 ¢ yposHem bakTtepuin Faecalibacterium (r = =0,44; p = 0,001) n Blautia (r = 0,42; p < 0,001), KOHUEHTpaLUW1 KOPTM301a 1 yPOBHSA
GakTepuii Lachnospira (r=-0,41; p = 0,048). BbisiBneHa conps»keHHOCTb YPOBHSI 6akTepuii Faecalibacterium, Blautiac ¢ 6onee BbICOKUMM Ganiami no OrpoCcHUKY
PSQl (r=-0,47,p=0,001;r=0,45, p <0,001 cOOTBETCTBEHHO). TaknM 06pa3oM, NoMyHeHbI AOMONHUTENBbHbIE AaHHbIE 06 OCOBEHHOCTAX M3MEHEHWIA MUKPOONOTbI
KULLEYHMKA 1 UX CBSA3N C HEKOTOPbIMM FOPMOHAIBHBIMU 1 BOCMASTENBbHBIMU BUOMapKepamMm Mpu XPOHUHECKON MHCOMHWM, NO3BONSIKOLLME MPUMEHSITL HOBbIE
TepaneBTHecKMe CTpaTermm B NePCOHNPULMPOBAHHOM NIEHYEHUM U AVArHOCTUKE MHCOMHUM, HanpaBieHHble Ha HOPMaM3aLUko KMLLEYHON MUKPOOUOTBI.
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Insomnia is common in the general population and has
multiple medical and social consequences [1, 2]. Today,
insomnia is considered to be a psychobiological disorder
associated with psychological, neuroendocrine, neuroimmune,
electrophysiological, neurophysiological, structural, and
functional changes in the body [3]. There is extensive discussion
in the literature about the role of some biomarkers like cortisol
[4], melatonin [5] and IL6 [6] in insomnia.

In recent years, there has been increasing evidence of the
close interplay between the gut microbiota and the central
nervous system; it occurs through the microbiota-gut-brain axis
and has the central role in neuroimmunoendocrine interactions
[7, 8]. A number of experimental and clinical studies have
demonstrated a relationship between the gut microbiota and
sleep. For example, an interference with the normal sleep
pattern of laboratory mice caused changes to the composition
and diversity of their gut microbiota [9]. Similar changes were
observed in the gut microbiota of shift workers [10]. Another
study reports that therapy for intestinal dysbiosis increases
sleep duration and improves sleep efficiency [11-12]. However,
many aspects of the relationship between the gut microbiota
and inflammation/endocrine markers in the setting of chronic
insomnia remain understudied. There are no published data on
the association between the gut microbiota and cortisol levels
in patients with chronic insomnia.

According to some publications, insomnia induces a
systemic hypoergic inflammatory response characterized by
elevated proinflammatory cytokines. One of such cytokines
is IL6; it is recognized by some authors as an important
somnogenic factor [13]. Elevated serum IL6 has been negatively
correlated with the self-reported quality of sleep in insomniacs
[6]. A few studies point to an association between gut dysbiosis
and the levels of IL6 [13, 14]. However, the impact of microbiota
composition on IL6 concentrations is not transparent due to
conflicting data. For example, the abundance of Proteobacteria
has been positively correlated with IL6 levels in insomniac men
[13]. In another study, an association has been established
between plasma IL6 concentrations and the abundance of
Faecalibacterium and Blautia in the gut microbiota of patients
with chronic insomnia [14]. So, the relationship between the gut
microbiota and chronic insomnia requires further elucidation.

The aim of this study was to investigate the taxonomic
composition of the gut microbiota and their associations with
the levels of cortisol, melatonin and IL6 in patients with chronic
insomnia.

METHODS

This study was a comparative prospective cross-sectional
study. Using the continuous sampling method, we selected 55
patients of the Somnology Center, Simferopol, with previously
diagnosed chronic insomnia (the main group) and 50 healthy
volunteers without insomnia (the control group) who presented
for an annual medical checkup at the Hemocode medical
center, Simferopol, and were eligible for the study. The main
group consisted of 32 female (58.2%) and 23 male (41.8%)
patients; the mean age in this group was 31.6 + 7.4 years. The
control group (CG) included 34 healthy females (68.0%) and
16 males (32.0%); their mean age was 33.2 + 6.6 years. The
groups were comparable in terms of sex (o = 0.95; x?), age
(o = 0.91; x?) and body mass index (o = 0.055; x?).

Inclusion criteria for patients: chronic insomnia lasting over
3 months, age of 18-45 years.

Exclusion criteria for patients: body temperature above
36.9 °C; types 1 or 2 diabetes mellitus; obesity; myocardial
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infarction; severe arrythmias; congestive heart failure; hypertensive
heart disease; a past history of stroke or TIA; stroke within
6 months preceding the study; severe or decompensated
comorbidities that could interfere with the patient’s participation
in the study or affect the outcome of the study; irritable bowel
syndrome; chronic gastrointestinal or hepatic disorders;
blood disorders; cancer; bacterial or viral infection; mycosis;
constipation or diarrhea in the month preceding the study;
psychiatric disorders; a past history of alcoholism or substance
abuse; therapy with antibiotics, prebiotics, probiotics,
symbiotics, antisecretory drugs, psychotropic drugs or any
other medications capable of affecting sleep within 3 months
preceding the study; intake of drugs that affect colonic function
in the month preceding the study; psychotherapy for insomnia
within 3 months preceding the study; shift work or working
across time zones in the month preceding the study.

Inclusion criteria for healthy volunteers: age of 18-45 years;
no depression according to the Patient Health Questionnaire-9
(PHQ-9 score < 5 points); no anxiety according to PHQ
and Generalized Anxiety Disorder-7 scale (< 5 points); no
somatoform disorders (PHQ-15 < 5 points); no chronic
conditions or allergies; no infections or acute conditions within
2 months preceding the study; no constipation or diarrhea in
the month preceding the study; no shift work or jobs involving
travelling across time zones in the month preceding the study;
no therapy with prebiotics, probiotics or symbiotics within
3 months preceding the study; no therapy affecting colonic
function in the month before the study; no past history of
psychiatric disorders, alcoholism or drug addiction; voluntary
informed consent to participate.

Exclusion criteria for healthy volunteers: body temperature
above 36.9 °C; shift work or jobs involving travelling across
time zones in the month preceding the study.

Insomnia was diagnosed according to the criteria of the
International Classification of Sleep disorders, ver. 3 (2014)
[15]. The quality of sleep was assessed using the Pittsburgh
Sleep Quality Index (PSQI) [16]. The severity of insomnia was
assessed using the Insomnia Severity Index (ISI) [16].

To analyze the taxonomic composition of the gut
microbiota, stool samples were collected in the morning (from
8.00 to 11.00 am), then frozen and stored in disposable plastic
containers at —80 °C until further use for the metagenomic
analysis. Total DNA extraction was performed by means of
phenol extraction. The nucleotide sequence of the extracted
DNA was determined by shotgun sequencing; the procedure
was carried out using a high-throughput SOLID5500 Wildfire
instrument (Applied Biosystems; USA) [17].

The obtained reads were filtered and taxonomically
classified in QIIME ver. 1.9.1 (Caporaso labs; USA) [18]. The
approach employed for taxonomic profiling involved the use of
2 taxonomic databases. First, a reference dataset of operational
taxonomic units (OUTs) was selected by comparing the yielded
16S rRNA reads with GreenGenes data, ver. 13.5 [19]. Then,
the RDP algorithm was applied to assign an appropriate
taxonomic group to the OUT data using the human intestinal
microbiota 16S rRNA database (HITdb) as a reference [20].

The abundance and diversity of the patients’ gut microbiota
was studied through the identification of microbial species,
genera and phyla. The a-diversity of the microbial community
was assessed based on the values of Chaol, Sobs (the
number of species observed in the studied sample) and ACE
(Abundance-based Coverage Estimator); all calculations were
performed in Mothur v.1.22.0 (http:// www.mothur.org).

Serum levels of cortisol and IL6 were measured using ELISA
assays (Vector-Best; Novosibirsk; Russia). Fasting peripheral
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blood was collected in the morning (7:00-9:00) after at least
15 minutes of rest.

Melatonin production was measured from the excretion
of its major metabolite, 6-sulfatoxymelatonin (@MT6s) in night
(6:00) and day (20:00) urine using ELISA assays (Buhimann;
Switzerland). The samples were processed in a semi-automated
StatFax 2100 analyzer (Awareness Technology; USA). Test
tubes containing the collected blood and urine samples were
stored at —20 °C.

Statistical analysis was carried out in STATISTICA 8.0
(StatSoft. Inc.; USA). For normally distributed variables,
means and standard deviations were calculated; for non-
normally distributed variables, medians, Q1 and Q3 values
were determined. The normality of data distribution was tested
using a Gaussian distribution test. For categorical variables,
percentages and absolute quantities were calculated. Normally
distributed quantitative variables were compared using the
parametric Student’s t-test. For non-normally distributed
variables, the Mann-Whitney U-test was applied. Categorical
variables were compared using the chi-square test. To assess
the correlation between the studied variables, Spearman’s
correlation coefficient was applied. Differences were considered
significant at p < 0.05. In addition, correlation analysis and
multiple rank correlation analysis were carried out; the validity
of correlations was tested using tables of critical values.

RESULTS

Participant characteristics are provided in Table 1. In the main
group, the duration of insomnia varied from 5 months to 3.5
years and was 1.7 [1.1; 2.4] years on average. Twenty-one
patients (38.6%) from the main group had a past history of
therapy for insomnia. Of them, plant-derived sedatives had
been tried by 10 patients (47.6%); 8 (38.1%) patients had
tried melatonin-based medications and 3 patients (14.3%) had
undergone psychotherapy.

While studying the taxonomic composition of the
gut microbiota, we found the a-diversity of the microbial
community was much poorer in patients with chronic insomnia
than in healthy volunteers (based on Chaot; p = 0.016). ACE
and Sobs values were slightly lower in the main group but
these differences were insignificant (o = 0.054 and p = 0.052,
respectively; Fig. 1). However, the groups differed significantly
in terms of Actinobacteria abundance: these microorganisms
were more abundant in patients with chronic insomnia than in
healthy volunteers (p = 0.0003).

At the genus level, the gut microbiota of patients with
insomnia was characterized by a significant reduction in the
abundance of Faecalibacterium (p = 0.048), Prevotella 9
(o = 0.0002) and Lachnospira (p = 0.036), as compared to

Table 1. Characteristics of the participants with and without insomnia

the control group, and a more abundant population of Blautia
(o = 0.012) and Eubacterium hallii (p = 0.003) (Fig. 2).

The serum levels of IL6 and cortisol were significantly higher
in patients with insomnia than in the control group. Melatonin
levels were lower in the control group, but the differences
between the groups were insignificant (Table 2).

The analysis of the relationship between the composition
of the gut microbiota and inflammation/endocrine markers
revealed significant correlations between IL6 levels and the
abundance of Faecalibacterium (r = -0.44; p = 0.001) and
Blautia (r = 0.42; p < 0.001), as well as between cortisol levels
and the abundance of Lachnospira (r = -0.41; p = 0.048).

The correlation analysis revealed a correlation between
the abundance of Faecalibacterium and Blautia and higher
PSQI (r=-0.47, p = 0.001; r = 0.45, p < 0.001, respectively)
and higher ISI scores (r =-0.51, p = 0.002; r = 0.48,
p < 0.001, respectively). The abundance of Faecalibacterium
was negatively correlated with higher depression scores
(r=-0.44; p < 0.001), whereas the abundance of Lachnospira
was negatively correlated with higher anxiety scores (r = -0.51;
p < 0.001) and higher ISI (r=-0.52; p < 0.001).

Significant correlations were established between the levels
of IL6 and the abundance of Faecalibacterium (r = —0.44;
p = 0.001) and Blautia (r = 0.42; p < 0.001). In addition, we
were able to establish a correlation between the abundance
of some bacteria (Faecalibacterium, Blautia) and the quality
of sleep on the PSQI scale (r = 0.37; p = 0.001; r = 0.54;
p = 0.011, respectively). The severity of insomnia (the total ISI
score) was directly correlated with the abundance of these
bacteria (r=0.67; p =0.005; r=0.29; p = 0.0001, respectively).
The severity of depression on the PHQ-9 scale was correlated
with the abundance of Faecalibacterium and Blautia (r = 0.19;
p = 0.005; r = 0.32; p = 0.003, respectively). Cortisol levels
were correlated with the abundance of Lachnospira and the
severity of insomnia on the ISI scale (r = 0.37; p = 0.002).

Besides, a correlation was discovered between the
abundance of Lachnospira and higher ISI (r= -0.38; p < 0.001)
and GAD-7 scores (r = -0.47; p < 0.0001).

DISCUSSION

A promising area of research, the metabolic integration
between the gut microbiota and the brain implemented via the
gut-brain axis is the central element of neuroimmunoendocrine
interactions [21]. Today, many researchers hold the opinion
that the gut microbiota plays a significant role in psychiatric
disorders and homeostatic imbalance [22, 23]. Some studies
have demonstrated an association between the gut microbiota
and sleep. For instance, changes to a sleeping schedule were
reported to induce changes in the composition of the gut

Parameter Man group Control group

Women / men (n, %) 32 (58.2) /23 (41.8) 34 (68.0) / 16 (32.0%)
Mean age, years (M + CD) 31.6x7.4 33.2+6.6
Body mass index, kg/m? 252+4.4 256 +3.9
PsQl 15.4 + 3.7* 3.3+14

ISI, points 5.3[3.6;6.4] 13.2[10.4;16.7]
PHQ-9 9.1+£4.2* 34+1.2
GAD-7 7.9+45" 29+13
PHQ-15 9.9 +3.2* 33+15

Note: * — p < 0.001 relative to CG, ISI — Insomnia Severity Index.
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Fig. 1. Comparison of the gut microbiota composition at the phylum level between patients with insomnia and healthy volunteers. IS — insomnia, CG — control group

microbiota [9]. In another study, therapy for intestinal dysbiosis
increased sleep duration and sleep efficiency [11]. At the
same time, many aspects of the relationship between the gut
microbiota and endocrine/inflammation markers in patients
with chronic insomnia remain understudied.

Our study demonstrates that the composition of the gut
microbiota differs significantly between patients suffering
from chronic insomnia and healthy individuals. Specifically,
the bacterial a-diversity was poorer in patients with chronic
insomnia. This finding was confirmed by lower Chao1 index
in such patients and is consistent with the results of an earlier
study [24]. In patients with chronic insomnia, the population of
anaerobic Faecalibacterium, Prevotella 9 and Lachnospira that

E. hallii

Lachnospira

Prevotella 9

produce short-chain fatty acids and are known for their anti-
inflammatory properties was smaller [25, 26]. At the same time,
the abundance of Blautia and Eubacterium hallii was greater.
These are potential pathobionts that can cause dysregulation
of immune response involving the regulatory T cells (Tregs) of
the intestine, anti-inflammatory IL10 and the regenerating islet-
derived protein 3y (REGIIly, REG3G). Our findings partially agree
with the results of a study [14] in which a reduction in the relative
abundance of Lachnospira was characteristic of patients with
acute insomnia [14]. The discrepancy between the results of our
study and the cited publication can be explained by differences
in the applied inclusion criteria. The groups were significantly
different in terms of age: 31.6 + 7.4 years in our study vs.

Faecalibacterium
I I |
r . 1
I—— |
I
0 10 20 30 40 50
M cG M s

Fig. 2. Comparison of the gut microbiota composition at the genus level between patients with insomnia and healthy volunteers. IS — insomnia CG — control group
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Table 2. Inflammation and endocrine markers in patients with insomnia and healthy volunteers (mean + SD)

Parameter Ma;’nzggo;p Con;rc;l g{)oup P
Cortisol, nmol/L 581.5+110.6 323.5 + 108.1 p=0.036
Melatonin (8:00), pg/ml 122+24 13.8+2.6 p=0.652
Melatonin (20:00), pg/ml 35+1.2 44+141 p=0.581
IL6, pg/ml 5.6 +0.9 2.8+0.38 p=0.014

43.5 + 6.9 years in the study of our colleagues. Besides, we did
not include patients with psychiatric disorders in order to negate
their effect on the results of the study, whereas our colleagues
did not specify psychiatric disorders as an exclusion criterion.

The established correlation between the reduced abundance
of Faecalibacterium, the increased abundance of Blautia and
higher PSQI and ISI scores leads us to hypothesize that changes
in the abundance of these bacteria are typical for patients with
chronic insomnia. It is also possible that an expansion of the
Faecalibacterium population and a shrinkage of the Blautia
population induced by therapy mitigates insomnia. Further
research is necessary to test this hypothesis.

The analysis of endocrine and inflammation markers
revealed that serum cortisol and IL6 levels differed significantly
between patients with chronic insomnia and healthy volunteers.
These two biomarkers were significantly correlated with the
abundance of some bacteria inhabiting the intestine, suggesting
an association between sleep disorders and the composition
of gut microbiota. For example, negative correlations were
established between cortisol levels and the abundance of
Lachnospira. These findings contradict the results of another
study which reported the lack of significant correlations
between cortisol levels and gut microbiota diversity in patients
with insomnia [13]. The lack of consistency between these two
sets of data might be explained by the fact that our sample
included individuals of both sexes, whereas in the study of our
colleagues [13] the sample was all-male. This suggests the
existence of sex-related differences in the association between
cortisol levels and the composition of gut microbiota. Further
research is needed to elucidate this problem.

Our study did not confirm the correlation between aMT6s
excretion and changes in the microbiota composition in patients
with chronic insomnia. While analyzing the literature, we did not
find any publications that explored this problem in a sample
of patients with chronic insomnia. However, there is evidence
about the role of melatonin in regulating the composition of the
gut microbiota [27]. In the cited study, melatonin concentrations
were measured from urine aMT6s, which, in turn, characterizes
secretion of melatonin by the pineal gland [28], whereas in an
earlier study [29] the authors focused on enteral melatonin
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endocrine markers remains understudied. Therapy aimed at
balancing the composition of the gut microbiota might improve
the efficacy of therapy for chronic insomnia.
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