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Abstract. Irritable bowel syndrome (IBS) is common gastrointestinal disorder. Gut microbiome composition changes play a
significant role in its pathogenesis. Hashimoto's thyroiditis (HT) often coexists with IBS and may worsen its clinical course.
Small intestinal bacterial overgrowth (SIBO) is highly prevalent in both diseases. The aim of study was to determine the gut
microbiome composition and SIBO frequency in patients with IBS with constipation (IBS-C) and hypothyroid HT. Material
and methods. This pilot single-center, cross-sectional study included 25 patients with IBS-C. Based on hypothyroid HT status
they were divided into 2 groups: 18 patients with IBS-C and HT with hypothyroidism (study group) and 7 patients with IBS-C
(control group). Determination of microbiota composition (Lactobacillus spp., Bifidobacterium spp., Escherichia coli, Bacteroides
fragilis group, Bacteroides tetaitaomicron, Fecalibactrerium prausnitzii, Enterococcus spp., Roseburia inulinivorans) was performed
with quantitative real-time polymerase chain reaction. Glucose hydrogen breath test was used to diagnose SIBO. Statistical
analyses were performed using R version 4.4.1 and EZR version 1.68. Results. A trend for higher total bacterial count was
observed in IBS-C patients with hypothyroid HT. Firmicutes/Bacteroidetes ratio was significantly lower (p=0.031) and Bacteroides
fragilis group / Faecalibacterium prausnitzii ratio was significantly higher (p=0.001) in patients of study group compared to
control group. In study group patients amounts of Lactobacillus spp., Bifidobacterium spp. and Escherichia coli were significantly
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lower, while levels of Bacteroides fragilis group and Roseburia inulinivorans were higher (p<0,05). SIBO frequency in hypothyroid
HT patients with IBS-C was high (61.1%). Study group also was characterized by significantly higher absolute rise in breath
hydrogen above baseline levels compared to control group. Conclusions. 1BS-C patients with coexisting hypothyroid HT
demonstrated significant gut microbiota alterations, such as lower Firmicutes/Bacteroidetes ratio and higher Bacteroides fragilis
group / faecalibacterium prausnitzii ratio, the high rate of SIBO-positive cases and higher frequency of SIBO and a more intense

increase in the hydrogen content in the air during a breath test.

Keywords: irritable bowel syndrome, constipation, Hashimoto's thyroiditis, hypothyroidism, gut microbiome, small intestinal

bacterial overgrowth.

Introduction

IBS is common gastrointestinal disorder that
predominantly affects young people, and its aver-
age prevalence is up to 35% of world population
[1, 2]. IBS pathogenesis is multifactorial and gut
microbiome composition changes play a significant
role in its development [3].

Gut microbiome is composed of trillions of dif-
ferent microorganisms, which are similarly distrib-
uted in small and large intestines [4]. Bacteroidetes,
Firmicutes, Actinobacteria, and Proteobacteria were
described as the most prevalent phylum [5, 6]. Re-
cent studies have shown the relationship between
presence of gut dysbiosis and development of auto-
immune process |7, 8].

HT often coexists with IBS and may worsen its
clinical course. SIBO is highly prevalent both in
IBS and HT, and number of SIBO-positive cases
in above mentioned conditions has significantly in-
creased in recent years [9].

The aim of present study was to determine the
gut microbiome composition and SIBO frequency
in patients with IBS with constipation (IBS-C)
and hypothyroid HT.

Materials and methods

Patients

This pilot single-center, cross-sectional study
was carried out from June 2022 to June 2024 in
Kyiv City Clinical Hospital Ne 4. It included ran-
domly selected patients over 18 years old who met
Rome IV criteria for IBS-C. Exclusion criteria
were history of inflammatory bowel disease and re-
cent antibacterial therapy (3 months before enroll-
ment), history of cancer, pregnant women, active
use of probiotics, presence of any other comorbid
autoimmune disorder.

A total of 25 patients were recruited for this
study. Based on hypothyroid HT status they were
divided into 2 groups: 18 patients with IBS-C and
HT with hypothyroidism (study group) and 7 pa-
tients with IBS-C (control group).

Thyroid-stimulating hormone, thyroid peroxi-
dase and thyroglobulin antibodies blood tests and
thyroid ultrasound were used to confirm the diag-
nosis of HT. Thyroid-stimulating hormone level
from 1.0 to 2.5 was considered a compensation
criterion for hypothyroidism due to L-thyroxine
replacement therapy. There were no statistically
significant differences in comorbid conditions.
Baseline characteristics of enrolled participants are
presented in Table 1.

Table 1. Baseline characteristics of enrolled participants

Characteristics Study group Control group p-value
Age, years, Me 35 (29, 46) 40.00 (35.25,45.50) 0.363
(IQR)

Sex: male/ 6(333)/12(66.7) 3(429)/4(57.1) 0673
female, n (%)

Body mass 26.85(23.82,31.90) 25.50(22.85,32.25) 0.739
index, kg/m?,

Me (IQR)

Obesity, n (%) 7(38.9) 2(28.6) 1.000
Smoking, n (%) 12 (66.7) 4(57.1) 0673

Real-time quantitative polymerase chain reaction

Determination of microbiota composition was
performed with quantitative real-time polymerase
chain reaction. It was conducted in the Diagen
Molecular Genetic Laboratory (Kyiv, Ukraine)
with the use of Bio Rad CFX 96 fluorescent detec-
tor. Before the material collection patients didn’t
eat products with the complicated digestion such
as steamed meat, sausage, and mutton fat. The pa-
tients also didn’t required to use drugs which af-
fect peristalsis or change the stool color. The stool
samples were collected into sterile containers.
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The material transportation was provided at the
temperature of lower than +22 °C for less than 6
hours. Deoxyribonucleic acid (DNA) extraction
was provided with the help of QTAGEN QIAamp
PowerFecal DNA Kit for getting the maximum
DNA clarity. After DNA separation its special frag-
ments (primers) were directly amplified with the
help of polymerase enzyme — it helped to receive
more copies of the specific DNA zones. The reac-
tion was conducted by DT prime thermal cycler for
better control of temperature cycles. PCR included
3 stages: denaturation, annealing, extension, which
were repeated providing DNA amplification. The
DT prime amplifier has multiplex detection with
the use of up to 5 florescence channels. Multiple ex-
position method provides a wide range of dynamic
detection. Manufacturer software was used for data
analysis. The method was considered valid and
highly specific for determination of microbiome
composition in Ukraine.

Reference values for different microbial species
are presented in Table 2. For further statistical
analysis, the data are presented as a decimal loga-
rithm — Ig (copies/mL).

Table 2. Reference values for different microbial species

Type of microbiota Reference range
(copies/mL)
Total bacterial count 10"-10"

Firmicutes/Bacteroidetes ratio 1-5

Bacteroides fragilis group / Faecalibacterium 0,01-100
prausnitzii

Lactobacillus spp. 107-108
Bifidobacterium spp. 10°-10'
Escherichia coli 10%-108
Bacteroides fragilis group 10°-10"
Bacteroides tetaitaomicron <10
Fecalibactrerium prausnitzii 108%-10"
Enterococcus spp. <108
Roseburia inulinivorans <10

Glucose hydrogen breath test

Glucose hydrogen breath test was used to di-
agnose SIBO. Gastro+Gastrolyzer SN GP 020893
(Bedfont Scientific Ltd, Great Britain) were used
to measure H, concentration in the exhaled air.
All patients were recommended to avoid milk and
dairy products, cabbage, beans, fresh and canned
fruit and vegetables. The participants fasted for 14
hours before the test, and were allowed to drink wa-

326

ter only. Smoking and chewing gum were restricted
as well. After taking the deep breath, the patient
was exhaling into the tube connected to the device
during 15 seconds. After baseline measurement the
patient ingested 50 mg of glucose diluted in 250 mL
of water. Measurements were taken every 15 min-
utes. A rise of H, level >20 ppm (parts per million)
over baseline was considered as a positive test re-
sult for SIBO [10, 11]. The test duration was 120
minutes. Considering that measuring quantitative
culture of upper gut aspirate has a lot of limitations
(invasiveness, necessity of high-level microbiology
labs, high cost, inability of culturing big microbial
phyla) [12], glucose hydrogen breath test was cho-
sen as the test for SIBO diagnosis.

Statistical analysis

Statistical analyses were performed using open-
source software: R version 4.4.1 (The R Founda-
tion for Statistical Computing, Vienna, Austria)
and EZR version 1.68 (Jichi Medical University,
Saitama, Japan). The normality of the continuous
variables distribution was assessed by Shapiro-
Wilk test. The data were not normally distributed
and hence non-parametric tools were used for the
analysis. The Mann-Whitney U-test was used to
compare differences between two groups (study
and control) with a continuous scale. The Fisher’s
exact test was used to evaluate the relationship be-
tween two qualitative variables.

Quantitative data are described by median (in-
terquartile range: 25"-75% percentile) — Me (IQR),
and qualitative data by numbers (percentages) — n
(%). P-values<0.05 were considered statistically
significant.

Ethical approval

The study was approved by the Bioethical Ex-
pertise and Scientific Research Ethics Committee
of Bogomolets National Medical University (ap-
proval number: 152; date of approval: November 15,
2021) and was conducted in accordance with the
Declaration of Helsinki of the World Medical As-
sociation (2013). A written informed consent was
obtained from all patients enrolled in the study.

Results

Studying the gut microbiota health markers
(Table 3), a trend for higher total bacterial count
was observed in IBS-C patients with hypothyroid
HT. Firmicutes/Bacteroidetes ratio was significant-
ly lower (p=0.031) and Bacteroides fragilis group /
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Faecalibacterium prausnitzii ratio was significantly
higher (p=0.001) in patients of study group com-
pared to control group.

Table 5. SIBO characteristics in patients of study and control groups

SIBO characteristics Study group Control group p-value

SIBO frequency, n (%) 11 (61.1) 2(28.6) 0.202
Table 3. Gut microbiota health markers in patients of study and H, level rise, ppm, 255(18,3575) 17 (16,19) 0034
control groups Me (IQR)
Markers Study group Control group p-value
Discussion

Total bacterial 11.95(11.08,12.87) 10.84(10.35,12.00) 0.074
count, Ig (copies/
mL)

Firmicutes/
Bacteroidetes
ratio
Bacteroides
fragilis group /
Faecalibacterium
prausnitzii ratio

0.72(0.22,1.20) 1.50(0.95, 2.75) 0.031

500.0 (205.5,725.0)  55.6 (47.8,92.2) 0.001

Table 4 shows data on the gut microbiome com-
position in IBS-C patients regarding the presence
of hypothyroid HT. In study group amounts of Lac-
tobacillus spp., Bifidobacterium spp. and Escherichia
coli were significantly lower, while levels of Bac-
teroides fragilis group and Roseburia inulinivorans
were higher (p<0.05).

Gut microbiota alterations in both patients with
IBS and HT usually demonstrate controversial re-
sults. K. Ponussamy et al. have shown higher di-
versity of total bacteria as well as Bacteroidetes and
Lactobacillus and lower diversity of Bifidobacterium
in patients with IBS (regardless of subtypes) [13].
Meta-analysis of 24 studies also reported higher
levels of Lactobacillus and Bacteroides and lower
levels of Faecalibacterium and Bifidobacterium in
patients with IBS [14]. In another study that com-
pared 15 IBS-C patients with healthy controls in-
creased levels of Bacteroides and Bifidobacterium
were present in patients with IBS-C [15]. Howev-
er, the amount of Bifidobacterium and Lactobacillus,
which showed high effect in probiotic purposes, was
lower in HT group [16, 17], similarly to our study

Table 4. Gut microbiome composition in patients of study and control groups

Type of microbiota Study group Control group p-value
Lactobacillus spp., Ig (copies/mL) 5.24(5.00, 6.96) 8.78 (7.00,11.75) 0.004
Bifidobacterium spp., g (copies/mL) 7.80(6.97,843) 8.70(8.45,9.65) 0.02
Escherichia coli, Ig (copies/mL) 6.60 (5.65, 6.89) 7.70 (6.89, 8.87) 0.049
Bacteroides fragilis group, lg (copies/mL) 10.98 (10.38, 11.30) 9.70(9.13, 10.50) 0.042
Bacteroides tetaitaomicron, Ig (copies/mL) 7.95 (6.08,9.87) 9.85(8.63,12.37) 0.23
Fecalibactrerium prausnitzii, |g (copies/mL) 8.48 (8.00, 8.87) 8.60(7.70,9.22) 0.928
Enterococcus spp., Ig (copies/mL) 5.00(0.00, 7.71) 6.00 (4.74,6.63) 0.502
Roseburia inulinivorans, Ig (copies/mL) 830 (6.60, 9.48) 5.90 (5.15, 6.30) 0.008

The SIBO frequency in hypothyroid HT pa-
tients with IBS-C was high (61.1%). The percent-
age of SIBO-positive cases observed in this group
was two times greater than in isolated IBS-C pa-
tients, but the difference was not statistically sig-
nificant (p=0.202) due to the small sample size.
Study group also was characterized by significantly
higher absolute rise in breath hydrogen above base-
line levels compared to control group (Table 3).

results. Several studies identified reduced micro-
bial diversity in patients with HT [18-20]. F. Zhao
et al. who studied 28 HT patients and 16 healthy
controls have found the increase in abundance
level of Roseburia, and decrease in Fecalibacterium,
Bacteroides [20]. However, the difference in gut
microbiome composition wasn’t detected between
hypothyroid patients and healthy controls either
in crude or adjusted models [21]. Meta-analysis of
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4 studies demonstrated increased Bacteroides
Jfragilis levels in HT group compared to healthy
patients [16]. High Bacteroides fragilis/Faecali-
bacterium prausnitzii ratio is considered a sign of
gut dysbiosis [22]. Also, this ratio can be associ-
ated with the low anti-inflammatory response
during the autoimmune thyroiditis. Firmicutes/
Bacteroides ratio was significantly lower in study
group of our study, and meta-analysis showed the
same results [16]. Existing literature doesn’t pro-
vide enough data considering abundance level of
Escherichia coli in patients with HT, which was
significantly lower in study group of our study. X.
Zhuang et al. as well as H.N. Liu et al. found no
difference in Escherichia coli levels depending on
presence of IBS [23, 24].

SIBO is present in many IBS patients (from
38 % to 78%) and can be associated with the
symptoms of bloating, constipation, and abdomi-
nal pain [25-27]. In patients with SIBO a higher
level of Clostridium, Escherichia, and Enterobac-
teriae is associated with bloating [28]. Studies
aimed to identify changes in gut microbiome of pa-
tients with HT, demonstrated the high correlation
between gut dysbiosis, bacterial overgrowth with
the development of autoimmune inflammation in
the thyroid gland [29]. Our study also showed
high SIBO prevalence and higher H, level rise if
available presence of HT.

The limitations of our study were the single-
center, cross-sectional design, small sample size, no
data regarding some factors that influence gut mi-
crobiome (dietary habits, level of stress etc.).

Conclusions

IBS-C patients with coexisting hypothyroid HT
demonstrated significant gut microbiota altera-
tions, such as lower Firmicutes/Bacteroidetes ratio
and higher Bacteroides fragilis group / Faecalibac-
terium prausnitzii ratio. Gut microbiome composi-
tion of these patients was characterized by lower
amounts of Lactobacillus spp., Bifidobacterium spp.
and Escherichia coli, and higher levels of Bacteroi-
des fragilis group and Roseburia inulinivorans. It
was shown the high rate of SIBO-positive cases
and higher H, level rise in presence of HT. Further
larger sample size researches are needed to confirm
these findings.
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Cknap KnwKosoro mikpobiomy it yacToTa
CUHAPOMY HaAMIpHOro 6auTep|aanoro pocTy
B MaLiEHTIB i3 CMHAPOMOM NOAPA3HEHOT KULLKY
i3 3aKpenamu Ta TUpeoiguToM XalwmumoTo 3
riNOTMPE030M: MINOTHE OHOLEHTPOBE KpoC-
CeKLiiiHe LOoCNiAKeHHA

10.A. OHodpiltuyk, I.A. CBiHUiubkun, IA. ConoBiioBa

HauioHanbHnint MegunyHmn yrisepeuteT im. O.0. boromonbua

Pestome. CrHapom nogpasHeHoi knwkw (CI1K) € nowrpeHyv po3nanom
OpraHiB TPaBNEHHA. 3HaYHY POMb Y MOrO naToreHesi BifirpatoTb 3MiHK
CKnagy Kuwkosoi mikpobiotu. Tupeoignt Xawumoto (TX) € vacTm
KomMop6iaHVM cTanom npu CMK i Moxe noripwmtyi oro nepebir. CuHApom
HaaMipHoro 6akTepianbHoro pocty (CHBP) € BKpait nmowmperyv npu
000X 3axBOptoBaHHsAX. MeTolo AocnimKeHHA Oyno BU3HAUMTY CKMaf
KMLIKOBOTrO Mikpobiomy Ta dactoty CHBP y mauieHTiB i3 cvHApPOMOM
noApasHeHo! KuWwkK i3 3akpenamn (CMK-3) 1a TX 3 rinotmMpeosom.
Martepian i metogu. lle ninoTHe OAHOLEHTPOBE KPOC-CEKLIiNHE
nocnigxerHa 3anyunno 25 nauienTis i3 CIMK-3. 3anexHo Big HaABHOCTI TX
3 rinoTpeo3om ix 6yno po3nogineHo Ha 2 rpynu: 18 oci6 3 CMK-3 1a TX
3 rinoTMpeosom (ocnigHa rpyna) Ta 7 nauienTis i3 CMK-3 (koHTponbHa
rpyna). BusHauyeHHs cknapy mikpobiomy (Lactobacillus spp., Bifidobac-
terium spp., Escherichia coli, rpyna Bacteroides fragilis, Bacteroides te-
taitaomicron, Fecalibactrerium prausnitzii, Enterococcus spp., Roseburia
inulinivorans) npoBoguM 3a AONOMOrol0 MoniMepasHoi NaHUoroBol
peakuii B peanbHomMy yvaci. Ana piarHoctnkn CHBP BukopucToByBanm
BOAHEBWI AMXaNbHWIA TECT 3 HaBaHTAXKEHHAM MIOK03010. CTaTUCTUYHIA
aHania MpoBOAMAM 3 BMKOPUCTAHHAM MPOrpPaMHOro  3abe3neyeHHs
R Bepcii 44.1 1a EZR Bepcii 1.68. Pesynbratu. TeHaeHLia 1o 6inbuof
3aranbHoi bakTepianbHOI Mack cnocTepiranacs B nauienTis i3 CIK-3 Ta
TX 3 rinoTvpeo3om. Hukde cniegigHoleHHA Firmicutes/Bacteroidetes
(p=0,031) i BULLE CniBBiAHOWeEHHA Bacteroides fragilis / Faecalibacterium
prausnitzii (p=0,001) BUABNEHO B NaLi€HTIB AOCAILHOI Py N NOPIBHAHO 3
KOHTPOMbBHOIO rpyMoto. Y naLlieHTiB AOCAIAHOT rpynv KinbkicTb Lactobacil-
lus spp., Bifidobacterium spp.ta Escherichia coli bynu cTaTucTyHo Baromo
HXKUMMM, TOAT AK NOKa3HUKW rpynu Bacteroides fragilis Ta Roseburia inu-
linivorans 6ynu suwMn (p<0,05). BctaHoBneHo B1coky dactoty CHBP y
nauienTis i3 TX 3 rinotpeo3om i CIMK-3 (61
XapaKTepK3yBanaca BULVM a0COMIOTHIM NOKa3HNKOM 3pOCTaHHS BMICTY

,1%). [locnigHa rpyna Takox

BOAHIO B MOBITPI NPV NPOBEAEHHI ANXaNbHOrO TeCTy 3 HaBaHTaKEHHAM
FMIOKO3010 MOPIBHAHO 3 KOHTPOMBHOIO rPynot. BUCHOBKM. Y naLjieHTis
i3 CIMK-3 i cynyTHiM TX 3 1iNOTMPEO30M BUABNEHO 3HAYYLLI 3MIHW CKnagy
KMLIKOBOI MIKpOBIOTH, Taki AK HVKUe cniBeigHowWeHHs Firmicutes/Bacte-
roidetes i BuLLe cnissigHoLeHHA rpynu Bacteroides fragilis/Faecalibacte-
rium prausnitzii, Bncoky yactoty CHBP i iHTeHCVIBHILLE 3pOCTaHHA BMICTY
BOAHIO B MOBITPI NpK NPOBEAEHH [VXaNbHOTO TECTY.
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