
Received: 2021.07.22
Accepted: 2021.11.22

Available online: 2021.12.06
Published: 2022.03.03

 2998   3   3   46

Alteration of Serum Metabolites in Women of 
Reproductive Age with Chronic Constipation

 ABCEF Shuai Liu*
 ACD Chuanli Yang*
 BF Hongxia Li
 B Xinshu Bai
 B Tianjiao Hu
 B Xin Xue
 F Jie An
 F Yan Zhang
 AG Xiushan Dong

  * Shuai Liu and Chuanli Yang contributed equally to this work
 Corresponding Author: Xiushan Dong, e-mail: dongxiushan2012@163.com
 Financial support: Financial support of this research was provided by the “136” Medical Promotion Project (2019XY007), Natural Science Foundation of 

Shanxi Province, China (201801D121199), Scientific Research Project of Shanxi Provincial Health and Family Planning Commission 
(2018019), and Chinese Nutrition Society (CNS) Nutrition Science Foundation-ZD Tizhi and Health Fund (CNS-ZD2020-59)

 Conflict of interest: None declared

 Background: Chronic constipation is a common gastrointestinal disease. Our previous studies confirmed that there are dif-
ferences in the composition and function of gut microbiota between women of reproductive age with chron-
ic constipation and healthy controls. However, little is known about the differences in the metabolic profile of 
the 2 groups. The aim of this study was to observe changes in serum metabolites and identify potential met-
abolic pathways in the development of chronic constipation.

 Material/Methods: A total of 50 participants were included in this study: 25 female patients of childbearing age with chronic con-
stipation who met the inclusion and exclusion criteria and 25 healthy participants as a control group. Serum 
samples of these participants were collected; 1 portion of the serum sample was used for clinical biochemical 
analysis, and the other was used for non-targeted metabolomic testing.

 Results: Compared with the control group, serum 2-hydroxyphenylacetic acid levels were higher (P<0.05) and DL-
phenylalanine levels were lower (P<0.05) in the constipation group. Other amino acids, such as 5-hydroxy-l-ly-
sine and l-pipecolic acid, were upregulated, and L-valine, glycine, L-leucyl-L-proline, and N-formylmethionine 
were downregulated in the constipation group. In addition, levels of the bile acid, 3b-hydroxy-5-cholenoic acid, 
were higher in the constipation group than in the control group. Pathway analysis showed that the significant-
ly altered pathways were phenylalanine metabolism and glycine, serine, and threonine metabolism.

 Conclusions: These results strongly suggest that serum metabolites and pathways are significantly altered in women of re-
productive age with chronic constipation.
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Background

Chronic constipation, which affects approximately 11% to 12% 
of the adult population worldwide annually, is a syndrome that 
indicates various, persistent, complex, and symptom-based 
gastrointestinal disorders [1,2]. The prevalence of constipation 
ranges from 2.6% to 26.9%, with a median prevalence of 16% 
in all adults in the United States [2]. Due to changes in lifestyle 
and increased social pressure, the prevalence of chronic con-
stipation in adults seems to be increasing [3], and its incidence 
in women is twice that of in men [4]. Camilleri et al found that 
patients with chronic constipation tended to be younger [5]. 
The pathogenesis of chronic constipation is extremely com-
plex and involves multiple factors, such as the central and pe-
ripheral nervous system, intestinal motility and secretion, and 
the balance of intestinal microecology, with complex interac-
tions between these factors. Recent research has also shown 
that microbial treatment, such as fecal microbiota transplan-
tation, can be an effective way to cure constipation because 
of its effect on the human body [6,7].

The human gut microbiota is a complex ecosystem that inhabits 
and critically maintains homeostasis of gastrointestinal physi-
ological function [8,9]. Many studies reported that the gut mi-
crobiota is significantly associated with constipation [10-12]. In 
our previous study, we also found that compared with healthy 
controls, the level of Bacteroides was significantly higher, the 
level of Proteobacteria was lower, and the ratio of Firmicutes 
to Bacteroidetes was lower in patients with constipation [13]. 
However, most metabolites produced by gut microbiota are 
also closely associated with host health and pathology, such 
as gut motility and chronic constipation [14,15]. Wichmann et 
al found that the intestinal microbiota can further affect gas-
trointestinal dynamics through their metabolites [16]. Yano et 
al reported that gut microbiota can influence intestinal mo-
tility by regulating host 5-hydroxytryptamine (5-HT), which is 
an important neurotransmitter in the intestinal nervous sys-
tem [17]. Shi et al and Fukui et al found that short-chain fatty 
acids, a metabolite of dietary fiber produced by gut microbiota, 
can increase the secretion of glucagon-like peptide-1 and pep-
tide tyrosine-tyrosine, indirectly changing gut motility [18,19].

The traditional treatment for chronic constipation is mainly 
the use of various laxatives. Owing to the strong stimulating 
effect of drugs on the enteric nervous system, it is easy for 
these drugs to cause disturbances in the enteric nervous sys-
tem of patients and affect gastrointestinal motility to aggra-
vate the symptoms of constipation. Chronic constipation is a 
multifactorial disorder with a strong female prevalence, and the 
crosstalk between gut microbiota, metabolites, and the host 
is exceedingly complex and dynamic. Therefore, it is extreme-
ly important to further explore the mechanism of constipation 
through the gut microbiota and its metabolites.

The composition and diversity of the gut microbiota are strong-
ly correlated with age and sex, and the balance between the 
microbiota and host is easily disrupted [20,21]. Therefore, we 
recruited female patients of reproductive age with chronic 
constipation to exclude the effects of hormones, age, sex, and 
other factors on the study. We compared serum metabolites 
between the women with constipation with those of healthy 
controls using liquid chromatography tandem-mass spectrom-
etry (LC-MS/MS). Most importantly, we observed typical serum 
metabolite changes in women with constipation.

Material and Methods

Study	Population

To reduce the effects of age, sex, work, and hormone levels 
on the microbiome, we enrolled patients from Shanxi Bethune 
Hospital, which is one of the functional gastrointestinal disease 
centers in Shanxi, China. Most of the patients were women who 
worked in this institution. A total of 25 patients with chronic 
constipation and 25 healthy controls were included in this study 
(age: 33.63±6.584 years vs 32.07±6.968 years; body mass in-
dex (BMI): 21.82±2.868 kg·m2 vs 22.25±2.010 kg·m2, P>0.05).

The patients were included if they were (a) diagnosed with 
chronic constipation according to the Rome IV criteria, (b) were 
women of reproductive age (15-49 years), and (c) the BMI was 
within the normal range of 18.5 to 24 kg·m2 [22]. Participants 
with the following diseases were excluded: (a) systemic dis-
eases such as metabolic disorders, neuropsychiatric disor-
ders, diabetes, Parkinson disease, and cancer; (b) infectious 
diseases such as hepatitis, tuberculosis, and acquired immu-
nodeficiency syndrome; (c) other autoimmune diseases such 
as rheumatoid arthritis, ankylosing spondylitis, and inflamma-
tory bowel disease; and (d) a history of medications such as 
laxatives, antibiotics, probiotics, prebiotics, non-steroidal an-
ti-inflammatory drugs, opioid drugs, proton pump inhibitors, 
traditional Chinese medicine, and histamine receptor antago-
nists in the past 3 months.

After collecting blood samples, we performed several routine 
examinations, including BMI, fasting blood glucose (FBG), tri-
glyceride (TG), high- and low-density lipoprotein (HDL/LDL), 
and liver function tests, such as alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), total bilirubin (TBIL), 
direct bilirubin (DBIL), indirect bilirubin (IBIL), albumin (ALB), 
total bile acid (TBA), and cholesterol (CHO). Blood samples 
were collected at random times throughout the day, without 
any dietary intervention.

Before recruitment, all patients and healthy controls signed an 
informed consent form. This study was approved by the Ethics 
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Committee of Shanxi Bethune Hospital (Taiyuan, China; certif-
icate no. XYLL-2019-124).

Sample	Processing

Blood samples were collected from the antebrachial vein of 
patients and healthy controls. The samples were collected in 
standard 3-mL vacutainer vials/heparin anticoagulation tubes 
(Suzhou Bidi Medical Instruments, #9176983), placed on ice, 
and transported to the laboratory for immediate processing. 
A portion of the blood sample was used for the analysis of se-
rum biochemical indicators; the remaining sample was used 
for non-targeted metabolomic analysis. The blood was centri-
fuged at 3000 rpm for 10 min within 1 h of collection. The su-
pernatant (serum) was then extracted 0.2 mL/tube was dis-
tributed into 1.5-mL centrifuge tubes. The serum samples were 
then transferred to a freezer kept at -80°C within 30 min until 
metabolomic analyses were performed [23,24].

Biochemical	Analysis	of	Serum	Samples

BMI was calculated by dividing the patient’s weight by the 
height squared. After blood collection, FBG levels were mea-
sured using the glucose oxidase method. Liver function pa-
rameters (ALT, AST, TBIL, DBIL, IBIL, ALB, and TBA) and lipid me-
tabolism parameters (CHO, TG, HDL, and LDL) were measured 
quantitatively by biochemical analysis.

LC-MS/MS	Analysis

Ultra-high performance liquid chromatography (UHPLC) separa-
tion was carried out using a 1290 Infinity series UHPLC System 
(Agilent Technologies) equipped with a UPLC BEH Amide col-
umn (2.1×100 mm, 1.7 μm, Waters). The mobile phase con-
sisted of 25 mmol/L ammonium acetate and 25 mmol/L am-
monia hydroxide in water (pH = 9.75) (A) and acetonitrile (B). 
The analysis was performed with an elution gradient as fol-
lows: 0-0.5 min, 95% B; 0.5-7.0 min, 95-65% B; 7.0-8.0 min, 
65-40% B; 8.0-9.0 min, 40% B; 9.0-9.1 min, 40-95% B; 9.1-12.0 
min, 95% B. The column temperature was maintained at 25°C. 
The auto-sampler temperature was 4 °C, and the injection vol-
ume was 2 μL (positive and negative) [25,26].

TripleTOF 6600 mass spectrometry (AB Sciex) was used for its 
ability to acquire MS/MS spectra on an information-dependent 
basis during an LC/MS experiment. In this mode, the acquisi-
tion software (Analyst TF 1.7, AB Sciex) continuously evaluates 
the full scan survey MS data as it collects and triggers the ac-
quisition of MS/MS spectra, depending on preselected criteria. 
In each cycle, the 12 most intensive precursor ions with inten-
sities above 100 were chosen for MS/MS at a collision energy 
of 30 eV. The cycle time was 0.56 s. ESI source conditions were 
set as follows: gas 1, 60 psi; gas 2, 60 psi; curtain gas, 35 psi; 

source temperature, 600 °C; declustering potential, 60 V; and 
ion spray voltage floating (ISVF), 5000 V or -4000 V for posi-
tive and negative modes, respectively [27,28].

Statistical	Analysis

The characteristics of the constipation group are described as 
mean±SD, median, or percentage. Statistical analysis of group 
differences in clinical biochemical variables was performed 
using the t test. Statistical significance was set at P<0.05. R 
software was used for graphing. In detail, the algorithms for 
principal component analysis (PCA), orthogonal projections to 
latent structures-discriminant analysis (OPLS-DA), permutation 
test, and volcano plot were based on SIMCA software (version 
15.0.2, Sartorius Stedim Data Analytics AB, Umea, Sweden). 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
analysis was obtained from the KEGG website (https://www.
kegg.jp/). The bubble figures in pathway analysis were obtained 
from the MetaboAnalyst website (https://www.metaboanalyst.
ca/). The statistical analyses were performed using SPSS ver-
sion 25.0 (IBM Corp, Armonk, NY, USA). MS raw data files were 
converted to the mzXML format using ProteoWizard and pro-
cessed using the R package, XCMS (version 3.2). The process in-
cluded peak deconvolution, alignment, and integration. Minfrac 
and cut-off were set as 0.5, and 0.3, respectively. An in-house 
MS2 database was used for metabolite identification [29,30].

Results

Differences in BMI and Blood Biochemical Indicators 
Between	Patients	with	Constipation	and	Healthy	Controls

The characteristics of all participants are summarized in Table 1. 
Unfortunately, there were no significant differences in FBG, 
BMI, serum ALT, AST, TBIL, DBIL, IBIL, ALB, TBA, CHO, TG, HDL, 
or LDL between the 2 groups (P>0.05).

Differences	in	Metabolic	Profiles	Between	Patients	with	
Constipation	and	Healthy	Controls

Our previous research found that the composition of the gut 
microbiota in women of reproductive age with constipation 
was different from that in healthy controls [13]. To further in-
vestigate differences in metabolites between the 2 groups, we 
performed a serum metabolomic analysis. The differences fol-
lowing PCA of the serum profiles of patients with constipation 
and healthy controls are shown in Figure 1A. The PCA results 
in the constipation group were not significantly different from 
those in the healthy control group. Supervised multivariate sta-
tistical analysis was used to further examine metabolic chang-
es. An OPLS-DA model was established to compare serum sam-
ples from the 2 groups (Figure 1B). The scattered shape and 
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Indexes N C t P

BMI 22.10±1.94 21.87±2.90 0.367 0.715

FBG 4.91±0.31 4.92±0.55 0.052 0.959

ALT 15.378±6.16 14.57±6.94 0.474 0.637

AST 21.00±7.40 20.44±7.88 0.282 0.779

TBIL 12.07±3.78 11.17±4.28 0.863 0.392

DBIL 2.65±0.75 2.26±0.87 1.882 0.065

IBIL 9.42±3.10 8.91±3.48 0.595 0.554

ALB 44.30±2.05 45.00±6.50 -0.568 0.572

TBA 2.70±1.63 2.72±1.41 -0.042 0.966

CHO 3.97±0.70 4.24±0.76 -1.458 0.150

TG 0.94±0.47 1.15±1.04 -1.026 0.309

HDL 1.43±0.32 1.41±0.27 0.220 0.826

LDL 2.22±0.47 2.41±0.53 -1.475 0.146

Table 1. Differences in body mass index and blood biochemical indicators between patients with constipation and healthy controls.
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Figure 1.  Principal component analysis (PCA) and orthogonal projections to latent structures-discriminant analysis (OPLS-DA) score 
plots of constipated patients and healthy controls. (A) PCA score plot for patients with constipation vs healthy controls 
(SIMCA, version 15.0.2, Sartorius Stedim Data Analytics AB, Umea, Sweden). (B) OPLS-DA score plot for patients with 
constipation vs healthy controls in integrated ion mode (SIMCA). (C) Permutation test of the OPLS-DA model (SIMCA). The 
slope of R2 is >0 and the Y-intercept of Q2 is <0.05, indicating a valid model.
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color in Figure 1 represent the disparate studied groups. As 
shown in Figure 1, according to the results of PCA and OPLS-
DA plot scores, there were clear differences in serum metabo-
lism between the 2 groups. These differences were significant, 
based on Hotelling’s T-squared elliptic analysis, within a 95% 
confidence interval. Permutation tests were performed to pre-
vent overfitting of the models (Figure 1C). R2 (cumulative) and 
Q2 (cumulative) represent the interpretability and predictabil-
ity of the models, respectively. R2 (cumulative) and Q2 (cumu-
lative) were 0.931 and 0.419 in the constipated patient and 
healthy control groups, respectively, indicating that the mod-
el had good predictive value, and there was no overfitting.

The purpose of this study was to gain a more comprehensive 
understanding of serum metabolic changes in women of repro-
ductive age with chronic constipation. A total of 50 differential 
metabolites, which contained 20 upregulated metabolites and 
30 downregulated metabolites, were selected based on multi-
variate statistical analysis, with a value of importance projec-
tion <1 and P<0.05. Serum 2-hydroxyphenylacetic acid levels 
were significantly higher (P<0.05), whereas DL-phenylalanine 
levels were significantly lower (P<0.05) in the chronic consti-
pation group than in the control group. These results suggest 
that the phenylalanine metabolism pathway is significantly 

altered in women of reproductive age with chronic constipa-
tion. Other amino acids, such as 5-hydroxy-l-lysine and l-pipe-
colic acid, were upregulated (P<0.05). In addition to changes 
in amino acid metabolism pathways, levels of bile acids, such 
as 3b-hydroxy-5-cholenoic acid, were higher in the constipa-
tion group. Tables 2 and 3 show the detailed results for dis-
tinct metabolites.

All serum metabolites were used in hierarchical cluster anal-
ysis among the constipation and healthy control groups. The 
heatmap (Figure 2A) and volcano plot (Figure 2B) showed the 
differences in plasma metabolism between the constipation 
group and healthy control group, which is consistent with the 
result we mentioned before. We then mapped these metabo-
lites to their biochemical pathways based on the KEGG data-
base. As shown in Figure 3, the significantly altered pathways 
were phenylalanine metabolism; pantothenate and CoA bio-
synthesis; glycerophospholipid metabolism; riboflavin metab-
olism; caffeine metabolism; ascorbate and aldarate metabo-
lism; and glycine, serine, and threonine metabolism.

Table 2. Differences in upregulated metabolites between patients with constipation and healthy controls.

MS2 name C N VIP P

1,2-Benzenedicarboxylic acid 1.981 0.870 2.093 0.010

1,7-Dimethylxanthine 1.661 0.887 1.961 0.021

2-Hydroxyphenylacetic acid 2.234 0.968 1.126 0.010

3b-Hydroxy-5-cholenoic acid 2.229 1.249 2.133 0.014

3-Indoleacetonitrile 1.626 1.470 2.445 0.032

5-Hydroxy-L-lysine 1.054 0.856 1.815 0.017

Cyanuric acid 1.096 0.893 1.779 0.042

Erythrono-1,4-lactone 1.112 0.919 1.478 0.044

Flavin mononucleotide (FMN) 1.254 0.822 2.341 0.016

Gly-Val 1.000 0.849 1.358 0.029

Hesperetin 1.078 0.749 2.273 0.015

Hippuric acid 1.254 0.581 2.697 0.007

Ile-Ala 0.807 0.593 1.925 0.011

Ile-Pro 1.050 0.880 1.307 0.049

L-Gulonic gamma-lactone 1.185 0.945 2.542 0.009

L-Pipecolic acid 1.158 0.927 1.238 0.025

Propylene glycol 0.929 0.526 1.606 0.039

Pyrrolidine 1.182 0.804 2.553 0.005

Saccharin 1.175 0.796 1.613 0.037

Sinigrin 0.817 0.664 1.850 0.015
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Discussion

Constipation is a common functional disorder of the digestive 
system and can occur secondary to metabolic disease, gastro-
intestinal obstruction, neurological disease, endocrine disease, 
or mental disorders [5]. Due to changes in dietary structure 
and work pressure, the incidence of functional constipation 
has been higher in younger patients in recent years. In addi-
tion, chronic constipation has an insidious onset and prolonged 
course, and patients often abuse laxatives, which can easily 
lead to dilatation of the colonic cavity, decreased contractility, 
and peristaltic function or loss. The Rome IV diagnostic criteria 

in 2016 define functional gastrointestinal disorders as “disor-
ders of gut-brain interaction”; it is a group of disorders classi-
fied by gastrointestinal symptoms related to any combination 
of the following: motility disturbance, visceral hypersensitiv-
ity, altered mucosal and immune function, altered gut micro-
biota, and altered central nervous system processing [31]. The 
gastrointestinal tract is inhabited by a complex and dynamic 
collection of microbiota and their metabolites, and their com-
position and function are associated with most aspects of 
host physiology and disease [32]. Currently, many gut micro-
bial metabolites, such as short-chain fatty acids and second-
ary bile acids, have been identified as signaling molecules in 

Table 3. Differences in downregulated metabolites between patients with constipation and healthy controls.

MS2 name C N VIP P

.gamma.-L-Glu-.epsilon.-L-Lys 0.747 0.980 1.451 0.047

11-Keto-.beta.-boswellic acid 0.646 0.811 1.568 0.049

12-Oxo-2,3-dinor-10,15-phytodienoic acid 0.950 1.229 2.643 0.026

1-Aminocyclopropanecarboxylic acid 1.035 1.181 2.341 0.007

20-HETE 2.350 3.920 2.913 0.001

3-Mercaptopyruvic acid 1.092 2.194 1.211 0.041

5,6,7,8-tetrahydro-2-Naphthoic Acid 0.882 1.356 2.192 0.029

5-Methyl-5,6-Dihydrouracil 1.184 1.386 1.821 0.029

Adenine 0.985 1.132 1.841 0.041

Ala-Lys 0.763 1.230 2.044 0.049

alpha-Guanidinoglutaric Acid 1.130 1.570 2.627 0.009

Benzylbutylphthalate 0.688 0.955 2.116 0.046

D-Alanyl-D-alanine (D-Ala-D-Ala) 0.796 1.241 2.088 0.031

Desipramine 1.018 1.181 1.662 0.039

DL-Phenylalanine 0.647 1.064 2.231 0.014

Glycine 0.955 1.284 2.392 0.007

Gly-Ser 1.323 1.465 1.929 0.019

Jasmine lactone 1.534 1.934 1.891 0.018

Lanosterol 1.187 1.415 2.059 0.030

Larixinic Acid 0.783 1.083 1.893 0.021

L-leucyl-L-proline 1.449 3.674 1.502 0.028

L-Pyroglutamic acid 1.366 2.002 1.990 0.023

L-Valine 0.814 1.162 1.839 0.033

Met-Ala 1.016 1.768 2.181 0.030

N-Acetyl-L-glutamic acid 1.117 1.677 1.940 0.028

N-Formylmethionine 1.496 2.408 1.927 0.023

Phosphorylcholine 0.963 1.132 1.758 0.029

Primidone 0.890 1.701 3.274 0.000

Tripelennamine 0.757 1.403 3.252 0.005

Tyr-Ala 0.636 1.314 2.296 0.018
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host-microbiome crosstalk [33,34]. Yano et al reported that 
the gut microbiota can influence intestinal motility by regu-
lating host 5-HT levels [17]. A study found that bacteria-de-
rived tryptamine, a ligand for the 5-HT4 receptor, modulates 
gut function via G-protein coupled receptors [35]. Therefore, 
chronic constipation is more likely to be a systemic chronic 
metabolic disease, rather than being limited to the intestine it-
self. Because of the important role of microbiota and their me-
tabolites in the gut-brain-microbiota axis, the study of chron-
ic constipation from the perspective of intestinal microbiota 
and its metabolites may provide a theoretical basis for the 
study of chronic constipation. In the present study, we found 
50 metabolites in women of reproductive age with constipa-
tion. Based on the KEGG database, we further performed hi-
erarchical clustering and metabolic pathway analysis for the 
50 metabolites. Eventually, we found that phenylalanine and 

the phenylalanine metabolic pathway may be involved in the 
occurrence and development of chronic constipation.

Phenylalanine is not only an essential amino acid, but also an 
aromatic amino acid. Most proteins and peptides of dietary 
origin are digested and broken down in the small intestine to 
produce a variety of amino acids, which then enter the circu-
lation via active transport. It has been found that intestinal 
bacteria metabolize phenylalanine in 2 main ways. The first is 
the production of various trace amines catalyzed by phenylal-
anine decarboxylase, which can be further transformed into 
phenylethylamine, tyramine, and tryptamine. Phenylethylamine 
and tyramine lose their biological activity in the liver through 
monoamine oxidase when entering the body [36]. The sec-
ond pathway is the trans amino pathway mediated by AAA 
aminotransaminase. Phenylalanine, tyrosine, and tryptophan 
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Figure 2.  (A, B) Heatmap (R software & Kyoto Encyclopedia of Genes and Genomes (KEGG) website (https://www.kegg.jp/)) and 
volcano plot (SIMCA, version 15.0.2, Sartorius Stedim Data Analytics AB, Umea, Sweden) of metabolites with different levels 
between patients with constipation and healthy controls. Twenty metabolites had higher levels and 30 metabolites had 
lower levels in patients with constipation than in healthy controls.

e934117-7
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Dong X. et al: 
Metabolic change in constipation
© Med Sci Monit, 2022; 28: e934117

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



are converted to phenylpyruvic acid, 4-hydroxyphenylpyru-
vic acid, and indole-3-pyruvic acid, respectively. These pyru-
vic acids can be partially oxidized and reduced to acetic acid 
derivatives and propionic acid derivatives, such as phenyl-
acetic acid, 4-hydroxyphenylacetic acid, indole-3-acetic acid, 
phenylpropionic acid, 4-hydroxyphenylpropionic acid, and in-
dole-3-propionic acid [37]. Interestingly, we found that serum 
phenylalanine levels were significantly lower and 2-hydroxy-
phenylacetic acid levels were significantly higher in women of 
reproductive age with chronic constipation. Hierarchical clus-
tering analysis showed consistent results, and pathway anal-
ysis indicated that phenylalanine metabolism was the most 
affected metabolic pathway.

There are many factors that regulate intestinal motility, such 
as the enteric nervous system, autonomic nervous system, and 
central nervous system. In terms of its role, the gut microbiota 
has been likened to a previously unknown organ; it has exten-
sive metabolic capabilities and carries 150 times more genes 
than are contained in the human genome. Microorganisms 
provide the host with a range of metabolic capabilities that 
are otherwise unattainable [38]. As early as 1994, the trypto-
phan metabolite, 5-HT, a neurotransmitter, was shown to af-
fect normal intestinal physiological function [39]. 5-HT stim-
ulates local enteric nervous reflexes to initiate secretion and 
propulsive motility and acts on vagal afferents to modulate 

contractile activities [40]. Furthermore, metabolic products from 
gastrointestinal microbiota fermentation, such as short-chain 
fatty acids or peptides, can stimulate the enteric nervous sys-
tem and affect gut transit [41]. Although our results did not 
detect short-chain fatty acids and their derivatives, we found 
that other metabolites, such as 5-hydroxy-l-lysine and l-pipe-
colic acid, were upregulated, while L-valine, glycine, L-leucyl-
L-proline, N-formylmethionine, and D-alanyl-D-alanine were 
downregulated in patients with constipation.

In addition, we observed that levels of the bile acid, 3b-hy-
droxy-5-cholenoic acid, were higher in patients with consti-
pation. 3B-hydroxy-5-cholenoic acid is an endogenous mono-
hydroxy isochoric acid and an intermediate product in the 
metabolism of bile acids [42]. Bile acids are another key met-
abolic molecule in intestinal microbiota-host interactions and 
are endogenous metabolites synthesized from cholesterol in 
the liver and further metabolized by the flora after entering 
the intestine [43]. By shaping the host’s intestinal immune 
landscape and some intrinsic antimicrobial properties, bile ac-
ids influence gut microbiota composition [44]. Conversely, al-
terations in gut microbiota composition affect microbial bile 
acid metabolism and, in turn, alter signaling via bile acid re-
ceptors [45,46]. Owing to their role as mediators of gut-liv-
er communication and regulators of host metabolism and in-
flammation, they represent attractive therapeutic targets for 
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Figure 3.  Pathway analysis of metabolites with differences between patients with constipation and healthy controls (R software & 
MetaboAnalyst website (https://www.metaboanalyst.ca/)). Seven significantly altered metabolic pathways were identified, 
including phenylalanine metabolism; caffeine metabolism; and glycine, serine, and threonine metabolism.
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various liver diseases. However, their effects on the gastroin-
testinal tract are ambiguous.

This study had some limitations. We used a serum non-tar-
geted metabolome to detect changes in metabolites, and the 
method mainly focuses on the breadth of detection. Our pre-
vious study found the typical microbiota changes between 
women with constipation and healthy controls. Therefore, in 
the follow-up study, we will further target metabolomics to 
analyze specific metabolite changes and combine them with 
the results of the microbiota changes in patients with consti-
pation. In conclusion, our findings provide new insights into 
the composition of serum metabolites in women of reproduc-
tive age with constipation. The results of this study provide 
clues for further exploring the relationship between metabol-
ic changes and constipation symptoms in women of reproduc-
tive age with constipation.
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