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ИЗМЕНЕНИЯ МИКРОБИОТЫ КИШЕЧНИКА И ИХ СВЯЗЬ С КОРТИЗОЛОМ, МЕЛАТОНИНОМ 
И ИНТЕРЛЕЙКИНОМ-6 У ЛИЦ С ХРОНИЧЕСКОЙ ИНСОМНИЕЙ

На сегодняшний день актуальной остается проблема взаимосвязи микробиоты кишечника и хронической инсомнии. Целью исследования было изучить 

изменения таксономического состава микробиоты кишечника и характер их взаимосвязи с кортизолом, мелатонином и IL6 у лиц с хронической 

инсомнией. В одномоментном сравнительном проспективном исследовании приняли участие 55 лиц с хронической инсомнией (основная группа: 

женщины — 58,2%, мужчины — 41,8%; средний возраст — 31,6 ± 7,4 лет) и 50 лиц без инсомнии (контрольная группа: женщины — 68,0%, мужчины —

32,0%; средний возраст — 33,2 ± 6,6 лет). Оценивали таксономический состав микробиоты кишечника методом секвенирования гена 16S rRNA. 

Определяли уровни кортизола и IL6 в плазме крови, мелатонина в моче с помощью иммуноферментного анализа. Для оценки качества сна использовали 

опросник PSQI.  У лиц с хронической инсомнией обнаружены статистически значимое cнижение численности Faecalibacterium (p = 0,048), Prevotella 9 

(p < 0,001) и Lachnospira (p = 0,036) и повышение численности Blautia (p = 0,012)  и Eubacteriumhallii (p = 0,003). Установлены статистически значимые 

корреляции значений  IL6 с уровнем бактерий Faecalibacterium (r = –0,44; p = 0,001) и Blautia (r = 0,42; p < 0,001), концентрации кортизола и уровня 

бактерий Lachnospira (r = –0,41; p = 0,048). Выявлена сопряженность уровня бактерий Faecalibacterium, Blautiaс с более высокими баллами по опроснику 

PSQI (r = –0,47, p = 0,001; r = 0,45, p < 0,001 соответственно). Таким образом, получены дополнительные данные об особенностях изменений микробиоты 

кишечника и их связи с некоторыми гормональными и воспалительными биомаркерами при хронической инсомнии, позволяющие применять новые 

терапевтические стратегии в персонифицированном лечении и диагностике инсомнии, направленные на нормализацию кишечной микробиоты.
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Masyutina AA, Gumenyuk LN    , Fatovenko YuV, Sorokina LE, Bayramova SS, Alekseenko AI, Shavrov YuV, Romanova AA, Seydametova DI

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

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 (p = 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 Blautiaс 

was correlated with higher PSQI (r = –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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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 (р = 0.95; χ2), age 
(р = 0.91; χ2) and body mass index (р = 0.055; χ2). 

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

Exclusion criteria for patients: body temperature above 
36.9 °С; types 1 or 2 diabetes mellitus; obesity; myocardial 

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 °С; 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 α-diversity of the microbial community 
was assessed based on the values of Chao1, 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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Table 1. Characteristics of the participants with and without insomnia 

Note: * —  p < 0.001 relative to CG, ISI — Insomnia Severity Index.

Parameter
Man group

(n = 55)
Control group

(n = 50)

Women / men (n, %) 32 (58.2) / 23 ( 41.8) 34 (68.0) / 16 (32.0%)

Mean age, years (M ± CD) 31.6±7.4 33.2 ± 6.6

Body mass index, kg/m2 25.2 ± 4.4 25.6 ± 3.9

PSQI 15.4 ± 3.7* 3.3 ± 1.4

ISI, points 5.3 [3.6;6.4] 13.2 [10.4; 16.7]

PHQ-9 9.1 ± 4.2* 3.4 ± 1.2

GAD-7 7.9 ± 4.5* 2.9 ± 1.3

PHQ-15 9.9 ± 3.2* 3.3 ± 1.5

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 (aMT6s) in night 
(6:00) and day (20:00) urine using ELISA assays (Buhlmann; 
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 °С.

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 р < 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 α-diversity of the microbial 
community was much poorer in patients with chronic insomnia 
than in healthy volunteers (based on Chao1; p = 0.016). ACE 
and Sobs values were slightly lower in the main group but 
these differences were insignificant (р = 0.054 and р = 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 (р = 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 
(p = 0.0002) and Lachnospira (p = 0.036), as compared to 

the control group, and a more abundant population of Blautia 
(p = 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 
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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
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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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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 α-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 

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 3γ (REGIIIγ, REG3G). Our findings partially agree 
with the results of a study [14] in which a reduction in the relative 
abundance of Lachnospirа 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. 
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Table 2. Inflammation and endocrine markers in patients with insomnia and healthy volunteers (mean ± SD)

Parameter
Main group 

 n = 55
Control group

 n = 50
p

Cortisol, nmol/L 581.5 ± 110.6 323.5 ± 108.1 p = 0.036

Melatonin (8:00), pg/ml 12.2 ± 2.4 13.8 ± 2.6 p = 0.652

Melatonin (20:00), pg/ml 3.5 ± 1.2 4.4 ± 1.1 p = 0.581

IL6, pg/ml 5.6 ± 0.9 2.8 ± 0.8 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 

in the gastrointestinal tract produced by enterochromaffin 
intestinal cells. 

Chronic inflammation might be an important pathogenic 
link between the gut microbiota and sleep. For example, it 
has been demonstrated that chronic sleep deprivation is 
associated with elevated plasma IL6 [30]. In another study, 
sleep duration was directly correlated with plasma IL6 [31]. 
Intestinal dysbiosis may trigger inflammatory immune response 
accompanied by elevated systemic proinflammatory cytokines. 
Established in [14], the correlation between the levels of IL6 
and the abundance of Faecalibacterium and Blautiaу in 
patients with chronic insomnia was confirmed by our study, 
suggesting a significant role of these bacteria in maintaining 
inflammation and aggravating insomnia and its consequence. 
Despite the fact that the role of Blautia in the development of 
inflammation has been proved, data on their association are 
contradictory. Some authors report a direct correlation between 
the abundance of Blautia and inflammatory dysregulation [32], 
others state that the correlation is negative [33]. According to 
our study, an expansion in the Blautia population promotes 
increased plasma IL6. Importantly, we analyzed the level of 
one proinflammatory cytokine only and so cannot provide the 
characterization of the overall inflammatory status in patients 
with chronic insomnia.

CONCLUSIONS

The gut microbiota of patients with chronic insomnia is 
characterized by pronounced changes in its taxonomic 
composition and microbial abundance. Significant correlations 
observed between some representatives of the gut microbiota 
and PSQI, endocrine and inflammation markers support the 
concept of the association between the composition of the 
gut microbiota, the abundance of its members and chronic 
insomnia. Further research is needed to confirm the role of the 
gut microbiota in the pathogenesis of chronic insomnia. The 
association between the composition of the gut microbiota and 
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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