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Abstract: Constipation belongs to conditions commonly reported by postmenopausal women, but the
mechanism behind this association is not fully known. The aim of the present study was to determine
the relationship between some metabolites of tryptophan (TRP) and the occurrence and severity
of abdominal symptoms (Rome IV) in postmenopausal women with functional constipation (FC,
n = 40) as compared with age-adjusted postmenopausal women without FC. All women controlled
their TRP intake in their daily diet. Urinary levels of TRP and its metabolites, 5-hydroxyindoleacetic
acid (5-HIAA), kynurenine (KYN), and 3-indoxyl sulfate (indican, 3-IS), were determined by liquid
chromatography/tandem mass spectrometry. Dysbiosis was assessed by a hydrogen—-methane breath
test. Women with FC consumed less TRP and had a lower urinary level of 5-HIAA, but higher levels
E.T,eﬂ.‘tfé’s' of KYN and 3-IS compared with controls. The severity of symptoms showed a negative correlation
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Received: 29 November 2023 Functional constipation (FC) is a common disorder of the gastrointestinal tract, with
Revised: 20 December 2023 an average prevalence of about 10% if diagnosed according to Rome IV criteria [1]. This
Accepted: 22 December 2023 relatively high prevalence results mainly from bad eating habits, lack of physical exercise,
Published: 24 December 2023 low hydration, aging, and several other factors, and most often a combination of them [2].

According to Rome IV Criteria (https:/ /theromefoundation.org/rome-iv/rome-iv-criteria/
(accessed 12 December 2023)), disorders of chronic constipation can be classified into four

subtypes: (a) functional constipation; (b) irritable bowel syndrome (IBS) with constipa-
tion; (c) opioid-induced constipation; and (d) functional defecation disorders, including
This article is an open access article  iNadequate defecatory propulsion and dyssynergic defecation. Diagnostic criteria of FC
distributed under the terms and  are straining for more than 1/4 time of defecations, lumpy or hard stools, the sensation of
conditions of the Creative Commons  incomplete evacuation, the sensation of anorectal obstruction/blockage, manual maneu-
Attribution (CC BY) license (https://  Vers to facilitate defecation, less than three spontaneous bowel movements per week, and
creativecommons.org/licenses/by/  loose stools rarely present without the use of laxatives. The symptoms should not meet
4.0/). Rome IV Criteria for IBS [3]. Abdominal pain is a symptom differentiating FC from IBS, as
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it occurs less often in FC and has no temporal connection with the act of defecation. There
are three types of FC: constipation with normal bowel movements, constipation with slow
bowel movements, and rectal emptying disorders. The underlying mechanisms of these
forms of constipation are still poorly understood, but it is generally accepted that they are
multifactorial in nature. Psychophysiological factors for FC include, but are not limited to,
genetic burdens, psychiatric disorders, abnormal bowel motility, poor diet, abnormalities in
the intestinal microbiome, neurotransmitter imbalances, and hormonal homeostasis [1,2].

Hormonal homeostasis presumably plays a predominant role in the occurrence of FC
in postmenopausal women, when the female body undergoes complex changes associated
with hormonal alterations [4]. For this reason, postmenopausal women face numerous
psychosomatic complaints related to the gastrointestinal tract, such as eating disorders,
abdominal bloating, and chronic constipation, seriously affecting their quality of life [5].
However, FC occurs only in a fraction of postmenopausal women, indicating the involve-
ment of factors other than hormonal imbalances that are not fully known, but indirect
evidence points at the serotonin (5-HT) pathway of tryptophan (TRP) metabolism. Estrogen
was shown to improve perimenopausal symptoms by increasing the 5-HT pathway and
modulating its neurotransmission in the central nervous system [6-11].

Consistent evidence suggests that postmenopausal women are more susceptible to
changes in TRP metabolism than their counterparts before menopause [12]. Most TRP (over
90%) is metabolized in the digestive tract in the serotonin (1-2%), kynurenine (approxi-
mately 95%) and indole (2-3%) pathways, and their initiating enzymes are TRP hydroxylase
(TPH-1), indoleamine 2,3-diooxygenase (IDO-1), and bacterial TRPase (TNA), respectively.
These enzymes compete for access to ingested TRP [13]. In healthy people, the balance
of these pathways is maintained, but it can be disturbed by many factors, including TRP
intake and changes in the gut microbiota [14,15]. In these cases, the relationship between
TRP intake and the activity of the kynurenine and indole pathways in postmenopausal
women has not been determined. Serotonin is mainly produced in the intestine, where
it regulates motility and secretion. Both high and low levels of 5-HT have been found in
functional intestinal disorders, and patients with constipation often show reduced levels of
5-HT [16-19]. Therefore, 5-HT homeostasis may play an important role in the pathogenesis
of chronic constipation and consequently may be useful in the prevention, diagnosis, and
treatment of this disease.

The aim of the present study was to determine the relationship between TRP, along
with its metabolites, and the severity of abdominal symptoms in postmenopausal women
with functional constipation. In general, studies on TRP metabolism in menopause are
scarce, and to our knowledge, this is the first study linking TRP metabolism and consti-
pation in postmenopausal women. Therefore, our work fits a literature gap, but on the
other hand, it aims to provide information about possible management of menopausal
constipation with changes in the diet.

2. Results

Table 1 presents the results of routine laboratory tests in postmenopausal women
with and without functional constipation. Both groups differ significantly in the levels
of follicular-stimulating hormone (p < 0.05). All other characteristics do not differenti-
ate between these two groups. However, dietary TRP intake was significantly lower in
postmenopausal women with FC.

Table 1. Characteristics of control postmenopausal women (controls, n = 40) and postmenopausal
women with functional constipation (patients, n = 40) enrolled in this study.

Feature ? Controls Patients p
Age (years) 58.6 £7.6 579 +£74 ns
BMI (kg/m?) 254 £23 248 £1.7 ns

GFR (mL/min) 98.6 £5.9 97.1£45 ns
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Table 1. Cont.

Feature ? Controls Patients p

ALT (u/L) 15.6 £3.5 142 £32 ns

AST (n/L) 139 £2.1 143 £25 ns

CRP (mg/L) 23+1.8 31422 ns

FC (ug/g) 26.6 £15.7 309 +£12.8 ns

ES (pg/mL) 19.6 £4.7 18.8 £4.1 ns
FSH (UI/mL) 108.9 + 224 119.8 +24.6 * <0.05
TRP intake (mg daily) 1163 £ 125 1065 £ 90 <0.01

2 mean £ SD (standard deviation); BMI—body mass index; GFR—glomerular filtration rate; ALT—alanine
aminotransferase, AST—aspartate aminotransferase, CRP—C-reactive protein; FC—fecal calprotectin; ES—17-3-
estradiol; FSH—follicular-stimulating hormone; differences between groups were assessed by Student’s ¢-test;
*—p < 0.05; ns—non-significant (p > 0.05).

Hydrogen concentrations in exhaled air at the start of the hydrogen/methane breath
test (time 0) and after 90 min were higher in the patient group than controls (Table 2, p < 0.01
and p < 0.001, respectively). There was no difference between patients and controls after
180 min of the test. Methane concentration was higher in patients than controls after 90 and
180 min (Table 2, p < 0.05), but did not exceed acceptable limits.

Table 2. Concentrations of hydrogen and methane in exhaled air of postmenopausal women (controls,
n = 40) and postmenopausal women with functional constipation (patients, n = 40) determined at 0,
90, and 180 min with the hydrogen/methane test.

Chemical (Time, min) Controls (ppm) Patients (ppm) p?
Hydrogen (0) 6.75+£2.14 147 £ 5.72 ** <0.01
Hydrogen (90) 23.1£5.72 29.8 £ 9.63 *** <0.001

Hydrogen (180) 93.4 £+ 19.8 99.1 £15.8 ns
Methane (0) 47 +1.6 47+13 ns
Methane (90) 46+11 52+1.2*% <0.05

Methane (180) 12.1+ 41 154 +£5.6** <0.05

2 differences between groups were assessed by the Student’s f-test; *~p < 0.05; **—p < 0.05; ***~p < 0.001; ns—non-
significant (p > 0.05).

Urinary levels of TRP and 5-HIAA were lower for postmenopausal women with FC
than their counterparts without FC (Figure 1, p < 0.05).

Urinary levels of KYN and 3-IS were higher in the patient group (Figure 2, p < 0.001).

The correlation analysis of the intensity of symptoms with female hormones, TRP
intake, urinary levels of TRP and its metabolites KYN, 5-HIAA and 3-IS showed a negative
correlation for 5-HIAA and a positive correlation for 3-1IS (Table 3, Figure 3).

Table 3. Correlation between the severity of symptoms (S-score) and serum estrogen (E-2) and
follicular-stimulating hormone (FSH) levels, tryptophan (TRP) intake, and urinary levels of TRP
(TRP), 5-hydroxyindoleacetic acid (5-HIAA), kynurenine (KYN), and 3-indoxyl sulfate (3-IS) in
postmenopausal women with functional constipations (n = 40). The correlations were analyzed using
the Spearman rank test with the rho rank correlation coefficient.

Pairs of Variables rho-Spearman p
S-score and E-2 0.0435 ns
S-score and FSH —0.2897 ns

S-score and TRP intake 0.0517 ns

S-score and TRP —0.0233 ns
S-score and 5-HIAA —0.5578 <0.001

S-score and KYN —0.1552 ns

S-score and 3-1S 0.7215 <0.001
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Figure 1. Urinary levels of tryptophan (TRP, left panel) and 5-hydroxyindoleacetic acid (5-HIAA,
right panel) expressed in milligrams per gram of creatinine (mg/gCR) in postmenopausal women
(controls, n = 40) and postmenopausal women with functional constipation (patients, n = 40). Median
with boxes representing I and III quartiles, and error bars represent minimal and maximal values.
Differences between patients and controls were evaluated by the Mann-Whitney U test; *—p < 0.05.
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Figure 2. Urinary levels of kynurenine (KYN, left panel) and 3-indoxyl sulfate (3-IS, right panel)
expressed in milligrams per gram of creatinine (mg/gCR) in postmenopausal women (controls, n = 40)
and postmenopausal women with functional constipation (patients, n = 40). Median with boxes
representing I and III quartiles, and error bars represent minimal and maximal values. Differences

between patients and controls for both compounds were evaluated by the Mann—Whitney U test;
k.
—p < 0.001.



Int. J. Mol. Sci. 2024, 25,273

50f11

S
Dyl oo °s .
(o) o - \““3«3 0o o
|§| ¢ ® .“~--~ 1‘ — L
< 2 ¢ °, .\&!‘ra\
< ‘ ot °
T _
" r=-0.558
0 1 1 1 1
20 25 30 35 40
S-Score
T 150
5 150
K 3
D 100- s T
E e b
9. 50
(op)
r=0.722
0 1 1 1 1

20 25 30 35 40
S-Score

Figure 3. Correlation between the severity of symptoms (S-score) and the urinary levels of 5-
hydroxyindoleacetic acid (5-HIAA) and 3-indoxyl sulfate (3-IS) in postmenopausal women with
functional constipations (n = 40). The correlations were analyzed using the Spearman rank test with
the rho rank correlation coefficient (r).

3. Discussion

Menopause is associated with a series of unpleasant symptoms that affect post-
menopausal women. Identification of these symptoms and the mechanisms behind them
may allow us to prevent and ameliorate their consequences. In the present work, we aimed
to determine if tryptophan and its metabolism may contribute to mechanisms underlying
functional constipation in postmenopausal women.

We did not observe any correlation between the concentration of female sex hormones
and the intensity of abdominal symptoms associated with chronic functional constipation
in postmenopausal women. The same was true for TRP intake, although it was significantly
lower in women suffering from constipation. We did observe differences in urinary levels of
TRP and its metabolites, KYN, 5-HIAA, and 3-IS: TRP and 5-HIAA levels decreased, while
KYN and 3-IS increased, in postmenopausal women with constipation. This relationship
may reflect a decreased activity of serotonin and increased activity of kynurenine and the
indole pathways of TRP metabolism. Furthermore, the severity of abdominal symptoms
showed a negative correlation with urinary levels of 5-HIAA and a positive correlation with
urinary levels of 3-IS. Higher levels of hydrogen and methane in the breath test and 3-IS in
the urine of women with FC suggest a bacterial overgrowth, mainly in the colon. Indican is
synthesized through colon microbes on the TRP-indole-3-indoxyl sulfate pathway, and
it is considered a quantitative biomarker of the intestinal microbiome. Other studies also
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found changes in the composition of the intestinal microbiome and its metabolites in FC.
Short-chain fatty acids (SCFA), secondary bile salts, and methane can affect gut motility and
secretion in patients with FC [20,21]. These factors act through the activation of appropriate
receptors that contribute in some enteroendocrine and neuronal cells to synthesize bioactive
compounds, such as neurotransmitters and peptides.

Short-chain fatty acids, including indoleacetic acid (ILA), indolepropionic acid (IPA),
and butyric acid (EAA), are mainly produced by colonic anaerobic bacterial fermentation
of dietary compounds. They regulate physiological functions, including colonic blood flow,
fluid-end electrolyte reuptake, and modulation of gut motility [22,23]. Increased butyric
acid could contribute to constipation through a decrease in some bacteria species, but too
high SCFA concentrations could lead to diarrhea [24,25]. Other studies reported that acetic
acid and propionic acid increased gut motility or inhibited it [26-29].

Methane is generated by methanogens (bacteria and archaea) in the colon, but it is
also produced by anaerobic fermentation of indigested polysaccharides [30]. It can act
on the gut motility via changes in 5-HT concentration, and its production can correlate
with a lower number of bowel movements [31-33]. However, another study indicated that
methane production was not associated with constipation [34] and patients with normal
gut transit produced more methane compared to controls [35]. In our study all menopausal
women had increased levels of exhaled hydrogen and methane. Therefore, further studies
are needed to link constipation-related pathogenic mechanisms of methane with SCFA.

The gut microbiota promotes the biosynthesis of 5-HT in the host by regulating TRP
metabolism. 5-HT is involved in smooth muscle contraction or relaxation and regulates
its function via various receptors. In animals, gut dysbiosis was shown to upregulate the
expression of serotonin transporter (SERT) and decrease 5-HT concentration in the colon
mucosa, which weakened the intestinal circular muscle concentration activity and inhibited
intestinal motility [36]. Other studies reported that increased 5-HT concentration in the
blood or colonic mucosa was related to constipation [37,38]. These differences are likely due
to the balance between receptor activation and desensitization in the outcome of gastroin-
testinal motility. These processes can be affected by the composition of the intestinal micro-
biota. Many studies showed that the alteration of the gut microbiome was associated with
constipation [39,40]. A number of clinical studies indicate that the composition of the intesti-
nal microbiota differs between constipated patients and healthy individuals [24,34,41,42].
The gut microbiota regulates 5-HT production through several mechanisms, including
its impact on enterochromaffin cell growth and TRP metabolism [43-45]. It is suggested
that the gut bacteria may also upregulate the production of KYN and tryptophan indole,
thus reducing the substrate to produce 5-HT [46]. Such a mechanism might occur in our
patients. It should be noted that most of the results cited above are related to preclinical
studies, and findings from animals may be incoherent with those from humans. However,
several clinical studies confirm the importance of dysbiosis in the pathogenesis of chronic
constipation by regulating SERT in the intestine [36,47]. On the other hand, some species
of bacteria have the ability to abundantly produce 5-HT [48]. These complex mechanisms
confirm the beneficial effect of fecal microbiota transplantation from healthy donors on
patients suffering from functional diarrhea and constipation [49,50].

In medical practice, probiotics are often used to treat functional diseases of the gastroin-
testinal tract, beneficially altering the gut microbiota and relieving abdominal symptom:s,
including constipation [51-53]. Probiotics may improve intestinal transit time, stool con-
sistency, and frequency [54-56]. Their multi-species structure is more effective than that
of single species [57]. In the case of intestinal bacterial overgrowth, it is justified to use
antibiotics such as rifaximin or metronidazole. Rifaximin can modulate intestinal microbial
composition through eubiotic activity [58] and accelerate colonic transit [59]. Dietary fibers
and TRP may also relieve constipation by optimizing the gut microbiome [60,61].

All patients and controls underwent the hydrogen/methane breath test to assess bac-
terial overgrowth. However, we did not analyze the microbiota composition of the subjects.
Chronic constipation may occur if the intestinal luminal environment, including microbiota
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composition, is disturbed, and, in general, this reflects a disturbance in the regulation of
the gut-brain—microbiota axis (reviewed in [62,63]). Therefore, the determination of the
microbiota composition should be included in further research to determine the specificity
of the observed symptoms. The subjects enrolled in our study did not report taking any
probiotics, at least for the last 6 months before the study. Therefore, we have not considered
probiotic administration as a confounding factor in our analysis. However, many probi-
otics were reported to play a role in relieving constipation; therefore, the history of taking
probiotics should be included in the analysis in further studies as an important factor that
can modulate constipation (reviewed in [64]).

We obtained data on some aspects of the TRP metabolism in the population of post-
menopausal women, whose part experienced the specific symptom—chronic constipation.
Therefore, we provided a general direction for possible further research—TRP metabolism
in menopause. As TRP metabolism may be, at least in part, regulated by changes in
dietary tryptophan content, such an easy-to-implement dietary intervention might lead
to the relaxation of aggravating symptoms of menopause. There are several limitations
to our study. The cohort we studied was relatively small—40 controls and 40 patients.
We concluded that dysbiosis is a possible mechanism behind constipation, but we did
not perform an analysis of the composition of the intestinal microbiota. Another limi-
tation may be the non-homogenous age of patients, as menopausal symptoms may be
age-dependent [65]. The same concerns obesity, because vasomotor symptoms frequently
experienced by women have been associated with obesity, and it is suggested that weight
management efforts may reduce the severity of menopausal symptoms [66]. There were no
differences between patients and controls in our study, and there were no obese (BMI of
30 or greater) subjects either.

Dietary therapy is still the basis of FC treatment. The diet should contain an appro-
priate amount of fiber but also other ingredients, including TRP. In constipation patients,
it is recommended to determine TRP metabolism because the metabolites of all its path-
ways may be the cause of both digestive and mental disorders [67,68]. Further research
is necessary to determine the strains of bacteria that metabolize TRP. This will facilitate
quantification for the probiotic treatment of functional gastrointestinal diseases. Our study
also suggests a link between menopause, constipation, and tryptophan metabolism, but its
details are largely unknown and should be studied in further research.

4. Methods and Materials
4.1. Patients

This study included 80 postmenopausal women, aged 57-66 years, recruited in
2018-2022. During the recruiting procedure, all individuals were tested for SARS-CoV-2
infection, and only those with a negative result were enrolled. Two groups were dis-
tinguished of 40 women each: controls—women without any digestive complaints; and
patients—women with functional constipation. Inclusion criteria included the following:
the last menstruation at least 2 years earlier; a diagnosis of functional constipation consis-
tent with Rome IV Criteria (https://theromefoundation.org/rome-iv/rome-iv-criteria/
(accessed 12 December 2023)); other diseases of the gastrointestinal tract; and the use of
antispasmodic, hormonal, and psychotropic drugs. Both patients and controls did not
report taking any antibiotic/probiotic in the 6 months before the study. All individuals
underwent imaging and endoscopic tests. Subjects with inflammatory bowel diseases,
celiac disease, allergy, and food intolerance, parasitic infestations, thyroid diseases, diabetes
and other metabolic diseases, mental disorders, and taking hormones and psychotropic
drugs were excluded from this study.

Prior to the study, informed consent was obtained from all subjects. The study was
conducted according to the guidelines of the Declaration of Helsinki and the Guidelines for
Good Clinical Practice and approved by the Bioethics Committee of the Medical University
of Lodz (RNN/176/18/KE).
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4.2. Diagnostic Procedures

The severity of abdominal symptoms included in the Rome IV Criteria and mentioned
earlier was assessed and scored between 1 and 7 points. The state of the gut microbiome
was assessed by the hydrogen/methane breath test using gas chromatography on a Gas-
troCH4ECK (Bedfont Scientific LTD, Harrietsham, Maidstone, UK). Hydrogen and methane
contents in the breath were measured in 15 min intervals within 3 h, after consuming 10 g
of lactulose dissolved in 200 mL of water. Values obtained at 0, 90, and 180 min were used
for statistical analysis.

4.3. Laboratory Tests

The following routine laboratory tests were performed in all subjects: blood cell
count, protein quantification, glucose, glycated hemoglobin, profile of lipids, bilirubin, iron,
urea, creatinine, glomerular filtration rate, thyroid stimulating hormone, free thyroxine,
free triiodothyronine, amylase, lipase, alanine and asparagine aminotransferase, alkaline
phosphatase, gamma-glutamyltranspeptidase, deaminated gliadin peptide, antibodies
against tissue transglutaminase, and fecal calprotectin. Moreover, 17-3-estradiol (Ortho
antibodies—Clinical Diagnostics kit) and follicular-stimulating hormone (FSH—Vitros
Product antibodies) were determined.

Urine samples for TRP and its metabolites were collected in the morning into a special
container with a 0.1% hydrochloric acid solution as a stabilizer. The concentration of TRP
and its following metabolites: 5-hydroxyindoleacetic acid (5-HIAA), kynurenine (KYN),
and 3-indoxyl sulfate (3-IS) were determined using liquid chromatography with tandem
mass spectrometry (LC-MS/MS) according to the manufacturer’s instructions (Ganzimmun
Diagnostics AG, Mainz, Germany). The levels of these metabolites were expressed in mg
per gram of creatinine (mg/gCr). The semetabolites of TRP were considered exponents
of the activity of serotonin, kynurenine, and indole pathways of TRP metabolism. All
laboratory materials and the results of the breath test were collected on the same day.

4.4. Nutritional Recommendations

All individuals were recommended to record the type and quantity of products
consumed every day for 14 days prior to investigation in the nutritional diary. The average
daily TRP intake was calculated using the nutritional calculator with the Kcalmar.pro-
Premium application (Hermex, Lublin, Poland). On the day before the evaluation, everyone
received a diet with the TRP content calculated individually in advance.

4.5. Data Analysis

The Shapiro-Wilk W test was used to assess the normality of the distribution of
variables. General biochemical parameters of both controls and patients were normally
distributed, and the Student’s t-test was used to compare differences between controls
and patients. Lack of normality in the distribution of TRP, KYN, 5-HIAA, and 3-IS re-
sulted in the use of nonparametric tests to assess differences between the two groups (the
Mann-Whitney U test) and correlation analysis (the Spearman rank test). All statistical
analyses were performed with STATISTICA 13.3 software (TIBCO Software Inc., Palo Alto,
CA, USA).

Author Contributions: Conceptualization, J.C. and A.B.; methodology, J].C., M.C. and A.B.; valida-
tion, J.C.; formal analysis, T.P; investigation, A.B., A.M. and M.C.; data curation, A.B. and M.C.;
writing—original draft preparation, J.C. and T.P.,; writing—review and editing, ].C., T.P., LM. and
J.B.; supervision, J.C.; project administration, ].C.; funding acquisition, J.C. All authors have read and
agreed to the published version of the manuscript.

Funding: This work was supported by the Medical University of Lodz (503/6-006-05) and ALAB
Laboratories (UK/US/06/2022/01/00004).



Int. J. Mol. Sci. 2024, 25,273 9of 11

Institutional Review Board Statement: The study was conducted in accordance with the Decla-
ration of Helsinki, and approved by the Bioethics Committee of the Medical University of Lodz
(RNN/176/18/KE).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data from this study are ready to be shared upon reasonable request.

Acknowledgments: The authors thank the lab technicians from ALAB Laboratories for participating
in diagnostic procedures.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Barberio, B.; Judge, C.; Savarino, E.V.; Ford, A.C. Global prevalence of functional constipation according to the Rome criteria: A
systematic review and meta-analysis. Lancet Gastroenterol. Hepatol. 2021, 6, 638—648. [CrossRef] [PubMed]

2. Forootan, M.; Bagheri, N.; Darvishi, M. Chronic Constipation: A Review of Literature. Medicine 2018, 97, e10631. [CrossRef]
[PubMed]

3. Russo, M.; Strisciuglio, C.; Scarpato, E.; Bruzzese, D.; Casertano, M.; Staiano, A. Functional Chronic Constipation: Rome III
Criteria Versus Rome IV Criteria. ]. Neurogastroenterol. Motil. 2019, 25, 123-128. [CrossRef] [PubMed]

4.  Edwards, H.; Duchesne, A.; Au, A.S,; Einstein, G. The Many Menopauses: Searching the Cognitive Research Literature for
Menopause Types. Menopause 2019, 26, 45-65. [CrossRef] [PubMed]

5. Arar, M.A,; Erbil, N. The Effect of Menopausal Symptoms on Women’s Daily Life Activities. Przeglad Menopauzalny 2023, 22, 6-15.
[CrossRef] [PubMed]

6. Kamm, M.A,; Farthing, M.].G.; Lennard-Jones, ].E.; Perry, L.A.; Chard, T. Steroid Hormone Abnormalities in Women with Severe
Idiopathic Constipation. Gut 1991, 32, 80-84. [CrossRef] [PubMed]

7. Mulak, A.; Taché, Y.; Larauche, M. Sex Hormones in the Modulation of Irritable Bowel Syndrome. World |. Gastroenterol. 2014, 20,
2433-2448. [CrossRef]

8.  Callan, N.G.L.; Mitchell, E.S.; Heitkemper, M.M.; Woods, N.F. Constipation and Diarrhea during the Menopause Transition and
Early Postmenopause: Observations from the Seattle Midlife Women’s Health Study. Menopause 2018, 25, 615-624. [CrossRef]

9. Barth, C.; Villringer, A.; Sacher, J. Sex Hormones Affect Neurotransmitters and Shape the Adult Female Brain during Hormonal
Transition Periods. Front. Neurosci. 2015, 9, 37. [CrossRef]

10. Hernandez-Hernandez, O.T.; Martinez-Mota, L.; Herrera-Pérez, J.J.; Jiménez-Rubio, G. Role of Estradiol in the Expression of
Genes Involved in Serotonin Neurotransmission: Implications for Female Depression. Curr. Neuropharmacol. 2019, 17, 459-471.
[CrossRef]

11. Epperson, C.N.; Amin, Z.; Ruparel, K; Gur, R.; Loughead, J. Interactive Effects of Estrogen and Serotonin on Brain Activation
during Working Memory and Affective Processing in Menopausal Women. Psychoneuroendocrinology 2012, 37, 372-382. [CrossRef]
[PubMed]

12.  Pais, M.L.; Martins, J.; Castelo-Branco, M.; Gongalves, J. Sex Differences in TRP Metabolism: A Systematic Review Focused on
Neuropsychiatric Disorders. Int. J. Mol. Sci. 2023, 24, 6010. [CrossRef] [PubMed]

13. Klaessens, S.; Stroobant, V.; De Plaen, E.; Van den Eynde, B.J. Systemic TRP Homeostasis. Front. Mol. Biosci. 2022, 9, 897929.
[CrossRef] [PubMed]

14. O’Mahony, S.M.; Clarke, G.; Borre, Y.E.; Dinan, T.G.; Cryan, ].F. Serotonin, TRP Metabolism and the Brain-Gut-Microbiome Axis.
Behav. Brain Res. 2015, 277, 32-48. [CrossRef] [PubMed]

15.  Mishima, Y.; Ishihara, S. Enteric Microbiota-Mediated Serotonergic Signaling in Pathogenesis of Irritable Bowel Syndrome. Int. J.
Mol. Sci. 2021, 22, 10235. [CrossRef] [PubMed]

16. Koopman, N.; Katsavelis, D.; Ten Hove, A.S.; Brul, S.; de Jonge, W.].; Seppen, ]. The Multifaceted Role of Serotonin in Intestinal
Homeostasis. Int. . Mol. Sci. 2021, 22, 9487. [CrossRef]

17.  Guzel, T.; Mirowska-Guzel, D. The Role of Serotonin Neurotransmission in Gastrointestinal Tract and Pharmacotherapy. Molecules
2022, 27, 1680. [CrossRef]

18. Atkinson, W.; Lockhart, S.; Whorwell, PJ.; Keevil, B.; Houghton, L.A. Altered 5-Hydroxytryptamine Signaling in Patients with
Constipation- and Diarrhea-Predominant Irritable Bowel Syndrome. Gastroenterology 2006, 130, 34—43. [CrossRef]

19. Dunlop, S.P; Coleman, N.S.; Blackshaw, E.; Perkins, A.C.; Singh, G.; Marsden, C.A.; Spiller, R.C. Abnormalities of 5-
Hydroxytryptamine Metabolism in Irritable Bowel Syndrome. Clin. Gastroenterol. Hepatol. 2005, 3, 349-357. [CrossRef]

20. Ge, X.; Zhao, W,; DIng, C.; Tian, H.; Xu, L.; Wang, H.; Ni, L.; Jiang, J.; Gong, J.; Zhu, W.; et al. Potential Role of Fecal Microbiota
from Patients with Slow Transit Constipation in the Regulation of Gastrointestinal Motility. Sci. Rep. 2017, 7, 441. [CrossRef]

21. Shin, A,; Camilleri, M.; Vijayvargiya, P.; Busciglio, I.; Burton, D.; Ryks, M.; Rhoten, D.; Lueke, A.; Saenger, A.; Girtman, A.; et al.
Bowel Functions, Fecal Unconjugated Primary and Secondary Bile Acids, and Colonic Transit in Patients with Irritable Bowel
Syndrome. Clin. Gastroenterol. Hepatol. 2013, 11, 1270-1275.el. [CrossRef] [PubMed]

22.  Nicholson, J.K.; Holmes, E.; Kinross, J.; Burcelin, R.; Gibson, G.; Jia, W.; Pettersson, S. Host-Gut Microbiota Metabolic Interactions.

Science 2012, 336, 1262-1267. [CrossRef] [PubMed]


https://doi.org/10.1016/S2468-1253(21)00111-4
https://www.ncbi.nlm.nih.gov/pubmed/34090581
https://doi.org/10.1097/MD.0000000000010631
https://www.ncbi.nlm.nih.gov/pubmed/29768326
https://doi.org/10.5056/jnm18035
https://www.ncbi.nlm.nih.gov/pubmed/30646483
https://doi.org/10.1097/GME.0000000000001171
https://www.ncbi.nlm.nih.gov/pubmed/29994973
https://doi.org/10.5114/pm.2023.126436
https://www.ncbi.nlm.nih.gov/pubmed/37206677
https://doi.org/10.1136/gut.32.1.80
https://www.ncbi.nlm.nih.gov/pubmed/1825076
https://doi.org/10.3748/wjg.v20.i10.2433
https://doi.org/10.1097/GME.0000000000001057
https://doi.org/10.3389/fnins.2015.00037
https://doi.org/10.2174/1570159X16666180628165107
https://doi.org/10.1016/j.psyneuen.2011.07.007
https://www.ncbi.nlm.nih.gov/pubmed/21820247
https://doi.org/10.3390/ijms24066010
https://www.ncbi.nlm.nih.gov/pubmed/36983084
https://doi.org/10.3389/fmolb.2022.897929
https://www.ncbi.nlm.nih.gov/pubmed/36188218
https://doi.org/10.1016/j.bbr.2014.07.027
https://www.ncbi.nlm.nih.gov/pubmed/25078296
https://doi.org/10.3390/ijms221910235
https://www.ncbi.nlm.nih.gov/pubmed/34638577
https://doi.org/10.3390/ijms22179487
https://doi.org/10.3390/molecules27051680
https://doi.org/10.1053/j.gastro.2005.09.031
https://doi.org/10.1016/S1542-3565(04)00726-8
https://doi.org/10.1038/s41598-017-00612-y
https://doi.org/10.1016/j.cgh.2013.04.020
https://www.ncbi.nlm.nih.gov/pubmed/23639599
https://doi.org/10.1126/science.1223813
https://www.ncbi.nlm.nih.gov/pubmed/22674330

Int. J. Mol. Sci. 2024, 25,273 10 of 11

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Wang, ] K.; Yao, S.K. Roles of Gut Microbiota and Metabolites in Pathogenesis of Functional Constipation. Evid.-Based Complement.
Altern. Med. 2021, 2021, 5560310. [CrossRef] [PubMed]

Zhu, L.; Liu, W.; Alkhouri, R.; Baker, R.D.; Bard, J.E.; Quigley, E.M.; Baker, S.S. Structural Changes in the Gut Microbiome of
Constipated Patients. Physiol. Genom. 2014, 46, 679-686. [CrossRef] [PubMed]

Jouét, P; Moussata, D.; Duboc, H.; Boschetti, G.; Attar, A.; Gorbatchef, C.; Sabaté, ].M.; Coffin, B.; Flouri€, B. Effect of Short-Chain
Fatty Acids and Acidification on the Phasic and Tonic Motor Activity of the Human Colon. Neurogastroenterol. Motil. 2013, 25,
943-949. [CrossRef] [PubMed]

Hurst, N.R.; Kendig, D.M.; Murthy, K.S.; Grider, ].R. The Short Chain Fatty Acids, Butyrate and Propionate, Have Differential
Effects on the Motility of the Guinea Pig Colon. Neurogastroenterol. Motil. 2014, 26, 1586-1596. [CrossRef] [PubMed]

Wang, L.; Cen, S.; Wang, G.; Lee, Y.; Zhao, J.; Zhang, H.; Chen, W. Acetic Acid and Butyric Acid Released in Large Intestine Play
Different Roles in the Alleviation of Constipation. J. Funct. Foods 2020, 69, 103953. [CrossRef]

Jiang, H.; Chen, C.; Gao, J. Extensive Summary of the Important Roles of Indole Propionic Acid, a Gut Microbial Metabolite in
Host Health and Disease. Nutrients 2022, 15, 151. [CrossRef]

Mitsui, R.; Ono, S.; Karaki, S.; Kuwahara, A. Neural and Non-Neural Mediation of Propionate-Induced Contractile Responses in
the Rat Distal Colon. Neurogastroenterol. Motil. 2005, 17, 585-594. [CrossRef]

Sahakian, A.B.; Jee, S.R.; Pimentel, M. Methane and the Gastrointestinal Tract. Dig. Dis. Sci. 2010, 55, 2135-2143. [CrossRef]
Chatterjee, S.; Park, S.; Low, K.; Kong, Y.; Pimentel, M. The Degree of Breath Methane Production in IBS Correlates with the
Severity of Constipation. Am. J. Gastroenterol. 2007, 102, 837-841. [CrossRef] [PubMed]

Pimentel, M.; Kong, Y.; Park, S. IBS Subjects with Methane on Lactulose Breath Test Have Lower Postprandial Serotonin Levels
than Subjects with Hydrogen. Dig. Dis. Sci. 2004, 49, 84-87. [CrossRef] [PubMed]

Gandhi, A.; Shah, A.; Jones, M.P,; Koloski, N.; Talley, N.J.; Morrison, M.; Holtmann, G. Methane Positive Small Intestinal Bacterial
Overgrowth in Inflammatory Bowel Disease and Irritable Bowel Syndrome: A Systematic Review and Meta-Analysis. Gut
Microbes 2021, 13, 1933313. [CrossRef] [PubMed]

Parthasarathy, G.; Chen, J.; Chen, X.; Chia, N.; O’Connor, H.M.; Wolf, P.G.; Gaskins, H.R.; Bharucha, A.E. Relationship between
Microbiota of the Colonic Mucosa vs Feces and Symptoms, Colonic Transit, and Methane Production in Female Patients with
Chronic Constipation. Gastroenterology 2016, 150, 367-379.el. [CrossRef] [PubMed]

Attaluri, A.; Jackson, M.; Valestin, J.; Rao, S.5.C. Methanogenic Flora Is Associated with Altered Colonic Transit but Not Stool
Characteristics in Constipation without IBS. Am. ]. Gastroenterol. 2010, 105, 1407-1411. [CrossRef] [PubMed]

Cao, H.; Liu, X,; An, Y.; Zhou, G,; Liu, Y;; Xu, M.; Dong, W.; Wang, S.; Yan, F; Jiang, K.; et al. Dysbiosis Contributes to Chronic
Constipation Development via Regulation of Serotonin Transporter in the Intestine. Sci. Rep. 2017, 7, 10322. [CrossRef] [PubMed]
Shekhar, C.; Monaghan, P.J.; Morris, J.; Issa, B.; Whorwell, PJ.; Keevil, B.; Houghton, L.A. Rome III Functional Constipation and
Irritable Bowel Syndrome with Constipation Are Similar Disorders within a Spectrum of Sensitization, Regulated by Serotonin.
Gastroenterology 2013, 145, 749-757. [CrossRef]

Costedio, M.M.; Coates, M.D.; Brooks, E.M.; Glass, L.M.; Ganguly, E.K.; Blaszyk, H.; Ciolino, A.L.; Wood, M.].; Strader, D.;
Hyman, N.H.; et al. Mucosal Serotonin Signaling Is Altered in Chronic Constipation but Not in Opiate-Induced Constipation.
Am. ]. Gastroenterol. 2010, 105, 1173-1180. [CrossRef]

Prichard, D.O.; Bharucha, A.E. Recent Advances in Understanding and Managing Chronic Constipation. F1000Research 2018, 7.
[CrossRef]

Ohkusa, T.; Koido, S.; Nishikawa, Y.; Sato, N. Gut Microbiota and Chronic Constipation: A Review and Update. Front. Med. 2019,
6,19. [CrossRef]

Zoppi, G.; Cinquetti, M.; Luciano, A.; Benini, A.; Muner, A.; Bertazzoni Minelli, E. The Intestinal Ecosystem in Chronic Functional
Constipation. Acta Paediatr. 1998, 87, 836-841. [CrossRef] [PubMed]

Quigley, E.M.M. The Enteric Microbiota in the Pathogenesis and Management of Constipation. Best Pract. Res. Clin. Gastroenterol.
2011, 25, 119-126. [CrossRef] [PubMed]

Reigstad, C.S.; Salmonson, C.E.; Rainey, ].F,; Szurszewski, ] H.; Linden, D.R.; Sonnenburg, J.L.; Farrugia, G.; Kashyap, P.C. Gut
Microbes Promote Colonic Serotonin Production through an Effect of Short-Chain Fatty Acids on Enterochromaffin Cells. FASEB
J. 2015, 29, 1395-1403. [CrossRef] [PubMed]

Agus, A,; Planchais, J.; Sokol, H. Gut Microbiota Regulation of TRP Metabolism in Health and Disease. Cell Host Microbe 2018, 23,
716-724. [CrossRef] [PubMed]

Yano, ].M.; Yu, K.; Donaldson, G.P; Shastri, G.G.; Ann, P.; Ma, L.; Nagler, C.R.; Ismagilov, R.F.; Mazmanian, S.K.; Hsiao, E.Y.
Indigenous Bacteria from the Gut Microbiota Regulate Host Serotonin Biosynthesis. Cell 2015, 161, 264-276. [CrossRef] [PubMed]
Zhang, S.; Wang, R.; Li, D.; Zhao, L.; Zhu, L. Role of Gut Microbiota in Functional Constipation. Gastroenterol. Rep. 2021, 9,
392-401. [CrossRef] [PubMed]

Fu, R; Li, Z;; Zhou, R;; Li, C.; Shao, S.; Li, ]. The mechanism of intestinal flora dysregulation mediated by intestinal bacterial
biofilm to induce constipation. Bioengineered 2021, 12, 6484-6498. [CrossRef]

Sugiyama, Y.; Mori, Y.; Nara, M.; Kotani, Y.; Nagai, E.; Kawada, H.; Kitamura, M.; Hirano, R.; Shimokawa, H.; Nakagawa, A.; et al.
Gut Bacterial Aromatic Amine Production: Aromatic Amino Acid Decarboxylase and Its Effects on Peripheral Serotonin
Production. Gut Microbes 2022, 14, 2128605. [CrossRef]


https://doi.org/10.1155/2021/5560310
https://www.ncbi.nlm.nih.gov/pubmed/34603471
https://doi.org/10.1152/physiolgenomics.00082.2014
https://www.ncbi.nlm.nih.gov/pubmed/25073603
https://doi.org/10.1111/nmo.12212
https://www.ncbi.nlm.nih.gov/pubmed/24033744
https://doi.org/10.1111/nmo.12425
https://www.ncbi.nlm.nih.gov/pubmed/25223619
https://doi.org/10.1016/j.jff.2020.103953
https://doi.org/10.3390/nu15010151
https://doi.org/10.1111/j.1365-2982.2005.00669.x
https://doi.org/10.1007/s10620-009-1012-0
https://doi.org/10.1111/j.1572-0241.2007.01072.x
https://www.ncbi.nlm.nih.gov/pubmed/17397408
https://doi.org/10.1023/B:DDAS.0000011607.24171.c0
https://www.ncbi.nlm.nih.gov/pubmed/14992440
https://doi.org/10.1080/19490976.2021.1933313
https://www.ncbi.nlm.nih.gov/pubmed/34190027
https://doi.org/10.1053/j.gastro.2015.10.005
https://www.ncbi.nlm.nih.gov/pubmed/26460205
https://doi.org/10.1038/ajg.2009.655
https://www.ncbi.nlm.nih.gov/pubmed/19953090
https://doi.org/10.1038/s41598-017-10835-8
https://www.ncbi.nlm.nih.gov/pubmed/28871143
https://doi.org/10.1053/j.gastro.2013.07.014
https://doi.org/10.1038/ajg.2009.683
https://doi.org/10.12688/f1000research.15900.1
https://doi.org/10.3389/fmed.2019.00019
https://doi.org/10.1111/j.1651-2227.1998.tb01547.x
https://www.ncbi.nlm.nih.gov/pubmed/9736230
https://doi.org/10.1016/j.bpg.2011.01.003
https://www.ncbi.nlm.nih.gov/pubmed/21382583
https://doi.org/10.1096/fj.14-259598
https://www.ncbi.nlm.nih.gov/pubmed/25550456
https://doi.org/10.1016/j.chom.2018.05.003
https://www.ncbi.nlm.nih.gov/pubmed/29902437
https://doi.org/10.1016/j.cell.2015.02.047
https://www.ncbi.nlm.nih.gov/pubmed/25860609
https://doi.org/10.1093/gastro/goab035
https://www.ncbi.nlm.nih.gov/pubmed/34733524
https://doi.org/10.1080/21655979.2021.1973356
https://doi.org/10.1080/19490976.2022.2128605

Int. J. Mol. Sci. 2024, 25,273 11 0f 11

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Biazzo, M.; Deidda, G. Fecal Microbiota Transplantation as New Therapeutic Avenue for Human Diseases. J. Clin. Med. 2022,
11, 4119. [CrossRef]

Wang, Y.; Zhang, S.; Borody, T.J.; Zhang, F. Encyclopedia of Fecal Microbiota Transplantation: A Review of Effectiveness in the
Treatment of 85 Diseases. Chin. Med. ]. 2022, 135, 1927-1939. [CrossRef]

Mitelmao, F.C.R.; Bergamaschi, C.D.C.; Gerenutti, M.; Héchel, K.; Silva, M.T.; Balcao, V.M.; Vila, M.M.D.C. The Effect of Probiotics
on Functional Constipation in Adults: Double-Blind, Randomized, Placebo-Controlled Study. Medicine 2021, 100, E24938.
[CrossRef] [PubMed]

Aratjo, M.M.; Botelho, P.B. Probiotics, Prebiotics, and Synbiotics in Chronic Constipation: Outstanding Aspects to Be Considered
for the Current Evidence. Front. Nutr. 2022, 9, 935830. [CrossRef] [PubMed]

He, Y,; Zhu, L.; Chen, J.; Tang, X.; Pan, M.; Yuan, W.; Wang, H. Efficacy of Probiotic Compounds in Relieving Constipation and
Their Colonization in Gut Microbiota. Molecules 2022, 27, 666. [CrossRef]

Dimidi, E.; Christodoulides, S.; Scott, S.M.; Whelan, K. Mechanisms of Action of Probiotics and the Gastrointestinal Microbiota on
Gut Motility and Constipation. Adv. Nutr. 2017, 8, 484-494. [CrossRef] [PubMed]

Martoni, C.J.; Evans, M.; Chow, C.E.T,; Chan, L.S.; Leyer, G. Impact of a Probiotic Product on Bowel Habits and Microbial Profile
in Participants with Functional Constipation: A Randomized Controlled Trial. ]. Dig. Dis. 2019, 20, 435-446. [CrossRef] [PubMed]
Miller, L.E.; Ouwehand, A.C.; Ibarra, A. Effects of Probiotic-Containing Products on Stool Frequency and Intestinal Transit
in Constipated Adults: Systematic Review and Meta-Analysis of Randomized Controlled Trials. Ann. Gastroenterol. 2017, 30,
629-639. [CrossRef] [PubMed]

Zhang, C.; Jiang, J.; Tian, F.; Zhao, J.; Zhang, H.; Zhai, Q.; Chen, W. Meta-Analysis of Randomized Controlled Trials of the Effects
of Probiotics on Functional Constipation in Adults. Clin. Nutr. 2020, 39, 2960-2969. [CrossRef]

Ponziani, FER.; Zocco, M.A.; D’Aversa, F; Pompili, M.; Gasbarrini, A. Eubiotic Properties of Rifaximin: Disruption of the
Traditional Concepts in Gut Microbiota Modulation. World ]. Gastroenterol. 2017, 23, 4491-4499. [CrossRef]

Acosta, A.; Camilleri, M.; Shin, A.; Nord, S.L.; Neill, J.O.; Gray, A.V.; Lueke, A ].; Donato, L.J.; Burton, D.D.; Szarka, L.A.; et al.
Effects of Rifaximin on Transit, Permeability, Fecal Microbiome, and Organic Acid Excretion in Irritable Bowel Syndrome. Clin.
Transl. Gastroenterol. 2016, 7, €173. [CrossRef]

Lai, H,; Li, Y;; He, Y,; Chen, E; Mi, B.; Li, ].; Xie, J.; Ma, G.; Yang, J.; Xu, K,; et al. Effects of Dietary Fibers or Probiotics on
Functional Constipation Symptoms and Roles of Gut Microbiota: A Double-Blinded Randomized Placebo Trial. Gut Microbes
2023, 15,2197837. [CrossRef]

El-Salhy, M.; Hatlebakk, J.G.; Hausken, T. Diet in Irritable Bowel Syndrome (IBS): Interaction with Gut Microbiota and Gut
Hormones. Nutrients 2019, 11, 1824. [CrossRef] [PubMed]

Farowski, E; Els, G.; Tsakmaklis, A.; Higgins, P.G.; Kahlert, C.R.; Stein-Thoeringer, C.K.; Bobardt, ].S.; Dettmer-Wilde, K,;
Oefner, PJ.; Vehreschild, J.J.; et al. Assessment of Urinary 3-Indoxyl Sulfate as a Marker for Gut Microbiota Diversity and
Abundance of Clostridiales. Gut Microbes 2019, 10, 133-141. [CrossRef] [PubMed]

Hossain, M.L; Islam, R.; Mimi, S.I.; Jewel, Z.A.; Haider, U.A. Gut microbiota: Succinct overview of impacts on human physique
and current research status with future aspects. Int. J. Adv. Life Sci. Res. 2020, 3, 1-10. [CrossRef]

Iancu, M.A; Profir, M.; Rosu, O.A.; Ionescu, R.E; Cretoiu, S.M.; Gaspar, B.S. Revisiting the Intestinal Microbiome and Its Role in
Diarrhea and Constipation. Microorganisms 2023, 11, 2177. [CrossRef] [PubMed]

Zhang, T.; Liu, W.; Lu, H,; Cheng, T.; Wang, L.; Wang, G.; Zhang, H.; Chen, W. Lactic acid bacteria in relieving constipation:
Mechanism, clinical application, challenge, and opportunity. Crit. Rev. Food Sci. Nutr. 2023, 16, 1-24. [CrossRef] [PubMed]

El Khoudary, S.R.; Greendale, G.; Crawford, S.L.; Avis, N.E.; Brooks, M.M.; Thurston, R.C.; Karvonen-Gutierrez, C.; Waetjen, L.E,;
Matthews, K. The menopause transition and women’s health at midlife: A progress report from the Study of Women'’s Health
Across the Nation (SWAN). Menopause 2019, 26, 1213-1227. [CrossRef]

Cao, V,; Clark, A.; Aggarwal, B. Obesity and Severity of Menopausal Symptoms: A Contemporary Review. Curr. Diab. Rep. 2023.
[CrossRef]

Brydges, C.R.; Fiehn, O.; Mayberg, H.S.; Schreiber, H.; Dehkordi, S.M.; Bhattacharyya, S.; Cha, J.; Choi, K.S.; Craighead, WE.;
Krishnan, R.R;; et al. Indoxyl Sulfate, a Gut Microbiome-Derived Uremic Toxin, Is Associated with Psychic Anxiety and Its
Functional Magnetic Resonance Imaging-Based Neurologic Signature. Sci. Rep. 2021, 11, 21011. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/jcm11144119
https://doi.org/10.1097/CM9.0000000000002339
https://doi.org/10.1097/MD.0000000000024938
https://www.ncbi.nlm.nih.gov/pubmed/33725854
https://doi.org/10.3389/fnut.2022.935830
https://www.ncbi.nlm.nih.gov/pubmed/36570175
https://doi.org/10.3390/molecules27030666
https://doi.org/10.3945/an.116.014407
https://www.ncbi.nlm.nih.gov/pubmed/28507013
https://doi.org/10.1111/1751-2980.12797
https://www.ncbi.nlm.nih.gov/pubmed/31271261
https://doi.org/10.20524/aog.2017.0192
https://www.ncbi.nlm.nih.gov/pubmed/29118557
https://doi.org/10.1016/j.clnu.2020.01.005
https://doi.org/10.3748/wjg.v23.i25.4491
https://doi.org/10.1038/ctg.2016.32
https://doi.org/10.1080/19490976.2023.2197837
https://doi.org/10.3390/nu11081824
https://www.ncbi.nlm.nih.gov/pubmed/31394793
https://doi.org/10.1080/19490976.2018.1502536
https://www.ncbi.nlm.nih.gov/pubmed/30118620
https://doi.org/10.31632/ijalsr.20.v03i02.001
https://doi.org/10.3390/microorganisms11092177
https://www.ncbi.nlm.nih.gov/pubmed/37764021
https://doi.org/10.1080/10408398.2023.2278155
https://www.ncbi.nlm.nih.gov/pubmed/37971876
https://doi.org/10.1097/GME.0000000000001424
https://doi.org/10.1007/s11892-023-01528-w
https://doi.org/10.1038/s41598-021-99845-1

	Introduction 
	Results 
	Discussion 
	Methods and Materials 
	Patients 
	Diagnostic Procedures 
	Laboratory Tests 
	Nutritional Recommendations 
	Data Analysis 

	References

