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Abstract
Objective  This study aims to explore the characteristics and functional changes of intestinal metabolites in children 
with obstructive sleep apnea hypopnea syndrome (OSAHS) aged 4–6 years old through metabolomic approaches, 
screen potential biomarkers and analyze their correlation with clinical indicators and preliminary discuss the roles of 
intestinal metabolites in the occurrence and development of OSAHS.

Methods  We collected fecal samples from 40 OSAHS children and 40 healthy controls aged 4–6 years and recorded 
some OSAHS-related clinical indicators. Fecal specimens were used to detect all metabolites through untargeted 
metabolomics.

Results  This study identified a total of 1164 intestinal metabolites and screened out 254 differential metabolites. 
In the OSAHS group, the relative content of 96 metabolites were higher than the control group, while the relative 
content of 158 metabolites were lower. The receiver operating characteristic curve analysis results showed that the 
area under the curve of 14 differential metabolites was greater than 0.8. The area under the curve of Formononetin is 
the highest, at 0.9100, with sensitivity and specificity of 82.5% and 90.0%, respectively, and is positively correlated with 
OAHI. The differential metabolite functions mainly include the metabolism of fatty acids and other lipid substances, 
cellular signaling, protein and amino acid related metabolism, disease-related functions, glucose metabolism, and 
vitamin metabolism.

Conclusion  The intestinal metabolites and metabolic function of 4-to-6-year-old children with OSAHS altered. There 
was a correlation between differential metabolites and clinical indicators such as uric acid, hemoglobin, and blood 
sugar, which has potential diagnostic value for OSAHS screening.
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Introduction
Obstructive sleep apnea hypopnea syndrome (OSAHS) is 
a syndrome of chronic intermittent hypoxia (IH), hyper-
capnia and sleep fragmentation (SF), which is second-
ary to a series of pathophysiological changes [1]. The 
incidence rate of OSAHS in children is 1.2%~13% [2–3]. 
Adenoid and/or tonsil hypertrophy is the main cause of 
OSAHS in children [4]. OSAHS can occur in all ages, of 
which the most obvious clinical symptoms and surgical 
interventions (tonsillectomy and adenoidectomy) are 
mainly concentrated in 4 to 6 years old, mainly because 
of adenoid and/or tonsil in children of this age, which 
accounts for the largest proportion of upper airway 
volume [5, 6]. Research has shown that children with 
OSAHS who have not been diagnosed and treated in 
a timely manner are associated with adenoid facial fea-
tures, neurocognitive impairment, learning disabilities, 
behavioral abnormalities, developmental delays, drowsi-
ness, and abnormal secretion of sex hormones [6]. There-
fore, early diagnosis and treatment of OSAHS in children 
is crucial.

Polysomnography (PSG) conducted in a sleep labo-
ratory is the standard method for diagnosing OSAHS 
[7]. Due to the time-consuming and laborious nature of 
PSG, it cannot be used for large-scale screening in clini-
cal practice. It is urgent to replace screening methods to 
identify OSAHS, so that children can receive standard-
ized medical treatment and sufficient attention as soon as 
possible.

The increase in oxidative stress and inflammatory 
activation caused by IH and SF is the main pathophysi-
ological mechanism of OSAHS, which is related to car-
diovascular disease, cognitive impairment, and metabolic 
syndrome. Numerous studies have explored poten-
tial biomarkers of OSAHS [8, 9]. However, the existing 
research has several shortcomings. The first is the prob-
lem of insufficient sample size; The second is that some 
studies only included the study subjects into the experi-
mental group based on clinical symptoms or question-
naire surveys, that is, OSAHS was not diagnosed through 
the gold standard PSG; The third reason is that the speci-
ficity, sensitivity, or diagnostic value of biomarker screen-
ing diagnosis is not high. Therefore, it is necessary to find 
more efficient and economical screening and diagnostic 
methods for OSAHS in children.

Recent studies have shown an important connection 
between OSAHS and gut microbiota [10–14]. Changes 
in gut microbiota have been observed in both OSAHS 
animal models and adult and child OSAHS patients, 
including changes in microbial diversity [10–13], imbal-
ance in the proportion of Firmicutes to Bacteroidetes 
(considered a characteristic microecological change of 
obesity) [10, 12], decreased microbiota producing short 
chain fatty acids (SCFAs) [11, 13, 14], and increased 

pro-inflammatory strains [13, 14]. IH, SF and oxidative 
stress leads to intestinal microbiota imbalance, lead-
ing to local inflammation and changes in intestinal per-
meability, further exacerbating systemic inflammatory 
reactions [15]. One study revealed that an enrichment of 
arachidonic acid, docosahexaenoic acid, and 11Z-eicose-
noic acid and reduction in stearic acid, 5-hydroxyindole-
acetic acid, gluconic acid, and α-hyodeoxycholic acid 
were observed in intestinal metabolites in adult OSAHS 
patients [16].

However, there is few researches on intestinal metabo-
lites related to OSAHS in children. Therefore, we hope 
to explore the characteristics of intestinal metabolites 
in children with OSAHS through intestinal metabolo-
mics analysis, screen for possible biomarkers and evalu-
ate their diagnostic value, and discuss the correlation 
between intestinal metabolic changes and OSAHS.

Methods
Participants
This study recruited 40 OSAHS children and 40 healthy 
controls. OSAHS children were participants who com-
plained of snoring in the Otolaryngology or Respiratory 
Department of Ningbo Women and Children’s Hospi-
tal from October 2020 to December 2021. The healthy 
controls were children of hospital colleagues during 
the same period. All participants have undergone free 
PSG and recorded indices obstructive apnea/hypopnea 
index (OAHI) and lowest oxygen saturation (LaSO2). 
The diagnostic criteria for OSAHS were implemented in 
accordance with Chinese guideline for the diagnosis and 
treatment of childhood obstructive sleep apnea (2020) 
which stated that OAHI > once per hour [7]. Inclusion 
criteria: 4-to-6-year-old children with OAHI > 1 were 
included in the case group, while 4-to-6-year-old chil-
dren with OAHI ≤ 1 were included in the control group. 
Exclusion criteria: congenital malformations of airway or 
digestive tract; diseases that cause chronic hypoxia such 
as anemia, congenital heart disease, restrictive lung dis-
ease and so on; using antibiotics or probiotics within the 
past 3 months; functional constipation, irritable bowel 
syndrome and other gastrointestinal diseases; the control 
group excluded snoring or tonsillar enlargement.

We recorded the general information and clinical indi-
cators of all participants, including age, gender, height, 
weight, body mass index (BMI), degree of tonsillar 
enlargement, hemoglobin (Hb), platelets (plt), uric acid 
(UA), creatinine (Cre), blood urea nitrogen (BUN), blood 
glucose (Glu), triglycerides (TG) and total cholesterol 
(TC).

This study complied with the basic principles of the 
Helsinki Declaration and was approved by the Ethical 
Committee of Women and Children’s Hospital of Ningbo 
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University, and all participants have obtained informed 
consent from their guardians.

Sample collecting
We provided guardians with a clean and sterile specimen 
box and a disposable sterile sampling spoon for collecting 
the first feces of children after waking up in the morning. 
Fecal samples (1 g) were collected, avoiding surface and 
urine contamination, and immediately stored in a freezer 
at − 80℃.

Sample preprocessing
Extraction of metabolites from the samples: (1) add 
200  µg fecal samples to a 2mL centrifuge tube contain-
ing 600µL methanol with 4 µg/mL 2-chloro-L-phenylal-
anine as internal standard, vortex oscillation for 30 s; (2) 
add 100 mg grinding beads to a centrifuge tube, grind at 
60  Hz for 90  s; (3) ultrasound at room temperature for 
10 min; (4) centrifuge at 12,000 rpm at 4 ℃ for 10 min, 
take the supernatant and pass it through 0.2  μm filter, 
and add the filtrate to the detection bottle.

Quality control (QC) sample preparation: take 10µL 
out of each extracted test sample mixing into QC sam-
ple, which is used to correct deviations in the analysis 
results of mixed samples and errors caused by the analy-
sis instrument’s own system. After every 10 samples are 
tested, QC sample is inserted into the running sequence 
to monitor the stability of the collected data.

Liquid Chromatography-Mass spectrometry (LC-MS)
LC-MS uses liquid chromatography as the separation 
system and mass spectrometry as the detection system. 
The sample is separated from the mobile phase in the 
chromatographic section. Then the separated fragments 
are ionized in mass spectrometry and a mass spectrum is 
obtained for subsequent identification. Liquid chromato-
graphic separations were performed on a Thermo Van-
quish ultra efficient liquid phase system (Thermo Fisher 
Scientific, U.S.A.) equipped with a Waters ACQUITY 
UPLC® HSS T3 column (150 × 2.1  mm, 1.8  μm). Mass 
spectrometry operations were performed on a Thermo 
Orbitrap Exploris 120 mass spectrometer (Thermo Fisher 
Scientific, U.S.A.) with spray voltages of 3.5  kV in posi-
tive ion mode (ESI+) and − 2.5 kV in negative ion mode 
(ESI−), respectively.

Data preprocessing and metabolite identification
Raw data were converted to the mzXML file format using 
the MSConvert tool in the Proteowizard v3.0.8789 soft-
ware package. RXCMS software package was used for 
peak detection, peak filtering and peak alignment pro-
cessing to form a data matrix of retention time, mass-
to-charge ratio and peak intensity. For quality assurance, 
all characteristic peaks in the QC sample with a relative 

standard deviation exceeding 30% were removed. We 
compared the data with reference standards for known 
chemicals in metabolite databases (including HMDB, 
massbank, LipidMaps, mzcloud, KEGG) and provide 
precise metabolite annotations. A total of 1164 metabo-
lites were identified.

Data analysis
The Ropls software was used for multivariate data analy-
ses and models. After scaling data, models were built 
on orthogonal partial least-square discriminant analysis 
(OPLS-DA). All the models evaluated were tested for 
over fitting with methods of permutation tests. R2 and 
Q2 values at the Y-axis intercept must be lower than 
those of Q2 and the R2 of the non-permuted model. 
OPLS-DA allowed the determination of discriminating 
metabolites using the variable importance on projection 
(VIP). The P value, VIP value produced by OPLS-DA and 
fold change (FC) were applied to discover the contribut-
able-variable for classification. Finally, P value < 0.05 and 
VIP values > 1 were considered to be statistically signifi-
cant metabolites.

Differential metabolites were subjected to pathway 
analysis by MetaboAnalyst. The identified metabolites 
in metabolomics were then mapped to the KEGG path-
way for biological interpretation of higher-level systemic 
functions. The metabolites and corresponding pathways 
were visualized using KEGG Mapper tool.

Statistical analysis
In this study, SPSS 22.0 and GraphPad Prism8 software 
were used for statistical analysis. Independent sample 
t-tests were performed for normal continuous data, 
which were presented with mean ± SD. The hierarchical 
classification data is compared using chi square test. The 
diagnostic value of differential metabolites was evaluated 
using Receiver Operating Characteristic (ROC) curves. 
The correlation between differential metabolites and 
clinical indicators used Spearman correlation. All results 
with P < 0.05 indicate significant differences.

Results
General characteristics of the participants
There was no difference in general characteristics 
between the two groups, including age, gender, height, 
weight, BMI, and blood pressure. Children with OSAHS 
showed much higher OAHI and degree of tonsil enlarge-
ment and lower LaSO2 as compared with controls. No 
significant difference was detected in other clinic param-
eters (Hb, plt, TG, UA, Cre, BUN, Glu, TC) between 
groups. All specific characteristics is shown in Table 1.
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Orthogonal partial least squares discriminant analysis
The OPLS-DA displacement test chart (Fig.  1A, B) 
showed that in both positive and negative ion modes, 
all blue Q2 points are lower than the original blue Q2 
point on the far right, and the intersection point of the 
Q2 point regression line and the ordinate is less than the 
zero, indicating that the results of model established by 
OPLS-DA were reliable and effective.

The OPLS-DA score chart (Fig.  1C, D) showed that 
under positive and negative ion modes in LC-MS, the 
majority of samples were within the 95% confidence 
interval. The clustering differentiation between the two 
groups of samples was relatively significant. The evalu-
ation indicators of the model in the positive ion mode 
were R2X = 0.217, R2Y = 0.983, Q2 = 0.843, with the hori-
zontal axis explaining 3.3% of the difference and the verti-
cal axis explaining 14.5% of the difference; In the negative 
ion mode, the model evaluation indicators R2X = 0.215, 
R2Y = 0.988, Q2 = 0.848, with the horizontal axis explain-
ing 3.5% of the difference and the vertical axis explaining 
14.9% of the difference. The above results indicated that 
the model had good fitting and predictive ability, indicat-
ing a potential difference in the composition of metabo-
lites between the two groups of samples.

Overall characteristics of metabolites
This study identified a total of 1164 metabolites, includ-
ing 14 amino acids, 7 benzene ring compounds, 6 fatty 
acids, 6 organic acids and derivatives, 4 purine and 

pyrimidine derivatives, 4 organic nitrogen compounds, 2 
alkaloids and derivatives, 2 amine substances, 2 organic 
oxygen compounds, and 3 unclassified substances in the 
top 50 overall relative content (Fig. 2A).

Metabolites with significant differences between the two 
groups
The screening criteria for differential metabolites were 
that the P-value of the Mann-Whitney-Wilcoxon-Test 
was less than 0.05, and the Variable Importance in the 
Projection (VIP) of the OPLS-DA first principal compo-
nent variable was greater than 1. Out of 1164 metabo-
lites, a total of 254 differential metabolites were screened, 
with 96 metabolites in the OSAHS group showing an 
increase and 158 metabolites showing a decrease in rela-
tive content (Fig. 2B).

According to the analysis results of fold change (FC) 
value, the five differential metabolites with the highest FC 
value were 3,4-Dihydroxymandelic acid (DHMA), Tri-
ethanolamine, Loperamide, Stearidonic acid, and Formo-
nonectin while the five differential metabolites with the 
lowest FC value were Alantolactone (Ala), Deoxycholic 
acid, Isoferulic acid, Mitomycin, and D-β-Phenylalanine 
(Table 2).

Correlation analysis between metabolites with the most 
significant differences and clinical indicators
We conducted a correlation analysis between the 
10 metabolites with the most significant differences 

Table 1  Baseline clinical characteristics of the participants
OSAHS (n = 40) Controls (n = 40) t/χ2 P

Gender (male/female) 23/17 20/20 0.453 0.501
Age (years) 5.169 ± 0.619 3.985 ± 0.640 1.302 0.197
Height (cm) 111.450 ± 7.002 110.538 ± 5.620 0.643 0.522
Weight (kg) 20.782 ± 4.903 19.380 ± 2.936 1.547 0.126
BMI (kg/m2) 16.656 ± 2.725 15.828 ± 1.787 1.599 0.114
SBP (mmHg) 103.925 ± 8.260 104.525 ± 9.863 -0.295 0.769
DBP (mmHg) 61.600 ± 11.542 61.725 ± 7.786 -0.057 0.955
Degree of tonsil enlargement No 0 40 80.000 < 0.0001

I 4 0
II 8 0
III 28 0

OAHI (times/hour) 7.886 ± 4.188 0.175 ± 0.128 11.639 < 0.0001
LaSO2 (%) 76.925 ± 11.032 90.700 ± 3.495 -7.528 < 0.0001
Hb (g/L) 127.182 ± 6.483 126.533 ± 9.387 0.278 0.782
plt (109/L) 313.212 ± 74.404 328.400 ± 74.627 -0.655 0.516
TG (mmol/L) 1.237 ± 0.545 1.155 ± 0.765 0.444 0.659
UA (µmol/L) 244.719 ± 55.855 250.000 ± 70.647 -0.296 0.769
Cre (µmol/L) 49.688 ± 4.862 49.842 ± 7.112 -0.092 0.927
BUN (mmol/L) 5.138 ± 1.066 4.608 ± 0.738 1.907 0.062
Glu (mmol/L) 5.187 ± 0.550 5.101 ± 0.844 0.443 0.660
TC (mmol/L) 4.677 ± 0.793 4.335 ± 0.621 1.608 0.114
BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, OAHI = obstructive apnea/hypopnea index, Hb = hemoglobin, plt = platelet, 
TG = triglyceride, UA = uric acid, Cre = blood creatinine, BUN = blood urea nitrogen, Glu = glucose, TC = total cholesterol
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Fig. 2  Overall distribution of metabolites (A) Heatmap of top 50 metabolites in content; (B) Volcano Plot of metabolites distribution

 

Fig. 1  Orthogonal Partial Least Squares Discriminant Analysis. (A) Positive ion Mode OPLS-DA Permutation Test Chart; (B) Negative ion mode OPLS-DA 
displacement test chart; (C) Positive ion mode OPLS-DA score map; (D) Negative ion mode OPLS-DA score chart
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in Results 3.4 and the clinical indicators related to 
OSAHS. The five positive correlation results were as fol-
lows: 3,4-Dihydroxymandelic acid with UA (r = 0.489, 
P = 0.005), Loperamide with Hb (r = 0.478, P = 0.005), 
Formononectin with OAHI (r = 0.331, P = 0.037), Isoferu-
lic acid with OAHI (r = 0.334, P = 0.035), and Mitomycin 
with Hb (r = 0.382, P = 0.028). The three negative corre-
lation results were as follows: Loperamide with LaSO2 
(r=-0.375, P = 0.017), Stearidonic acid with Glu (r=-0.351, 
P = 0.049), and Alantolactone with LaSO2 (r=-0.328, 
P = 0.039), as shown in Fig. 3.

Diagnostic value of differential metabolites
We conducted ROC curve analysis on all 254 differential 
metabolites, and there were a total of 14 metabolites with 
area under curve (AUC) greater than 0.8, as shown in 
Table 3; Fig. 4. Among them, the AUC of the Formonone-
tin was the highest, at 0.9100, with sensitivity and speci-
ficity of 82.5% and 90.0%, respectively. In addition, 
L-Prolinamide, Cysteine-S-sulfate, Epsilon-caprolactam, 
4-Methoxybenzaldehyde, 1,1-Dimethylbiguanide, Cybu-
tryne, Serotonin and D-Arabitol had potential diagnostic 
value (specificity > 85%); L-Prolinamide, Cysteine-S-sul-
fate, 20a,22b-Dihydroxycholesterol, Triethanolamine, 
D-beta-Phenylalanine and Oxoglutaric acid had potential 
screening value (sensitivity > 85%).

Functional analysis of differential metabolites
We compared 254 differential metabolites with KEGG 
database metabolic pathways and matched a total of 113 
related metabolic functional pathways (Fig.  5A), which 
included 27 functions related to fatty acids and other 
lipid substances (Table S1), 19 functions related to cell 
signal transduction (Table S2), 18 functions related to 

protein and amino acid metabolism (Table S3), 18 func-
tions related to diseases (Table S4), 8 functions related 
to glucose metabolism (Table S5), 6 functions related to 
vitamin metabolism (Table S6), and 18 functions related 
to other metabolism (Table S7).

Enrichment analysis showed that the top 20 meta-
bolic pathways with the lowest P-value (the most signifi-
cant impact of detected differential metabolites on this 
pathway) were Lysine degradation, Vitamin digestion 
and absorption, Rheumatoid arthritis, Central carbon 
metabolism in cancer, Protein digestion and absorption, 
mTOR signaling pathway, Alanine, aspartate and gluta-
mate metabolism, Steroid hormone biosynthesis, Basal 
cell carcinoma, and Arginine biosynthesis, as shown in 
Fig. 5B. The differential metabolites involved in the main 
metabolic pathways were shown in a network diagram 
(Fig. 6).

Discussion
This study analyzed the gut metabolome of children with 
OSAHS, findingthat OSAHS children had characteris-
tic changes in gut metabolites and metabolic pathways. 
The differential metabolites screened have high diagnos-
tic value and are related to the severity of OSAHS, which 
may become biomarkers for clinical screening and diag-
nosis of OSAHS. The degree of tonsil enlargement and 
OAHI in OSAHS children were significantly higher than 
the controls, while LaSO2 was significantly lower than 
that in the control group, which was consistent with the 
related manifestations of OSAHS disease. Despite the 
differences these disease indicators, there weren’t any 
significant differences in the other attributes between 
the two groups. In fact, obesity is one of the important 
risk factors for OSAHS. The deposition of fat around the 
pharynx can exacerbate respiratory stenosis; Abdominal 
fat deposition leads to decreased lung capacity; Adipose 
cell hypertrophy increases the diffusion distance between 
capillaries and adipose tissue cells, leading to tissue 
hypoxia by activating the nuclear factor kappa β (NF-κB) 
and hypoxia inducible factor (HIF)-1α inducing systemic 
inflammation [17]. Several large-scale studies have con-
cluded that weight gain was associated with an increase 
in the prevalence and severity of OSAHS [18–20]. In 
this study, the weight and BMI of OSAHS children were 
slightly higher than those in the control group, but statis-
tical differences were not attained, which was consistent 
with the results of Valentini’s research [10]. This might be 
related to the sample size. In addition, it also indicated 
that OSAHS is the result of the interaction of multiple 
factors, including obesity, neuromuscular abnormalities, 
activation of inflammatory mediator cascade, neurode-
generative diseases and anatomical disorders [1].

There was no significant difference in clinical indica-
tors between the two groups. OSAHS is associated with 

Table 2  10 Metabolites with the most significant difference FC 
value
Differential 
Metabolites

FC mz OSAHS Control P value

3,4-Dihydroxy-
mandelic acid

4.58 183.03 4310635.62 941137.75 0.0007

Triethanol-
amine

4.12 132.1 3,976,874,999 966137742.6 < 0.0001

Loperamide 3.96 477.23 22799614.2 5753957.47 0.0046
Stearidonic 
acid

3.80 277.22 127,053,311 33468654.04 0.0025

Formononectin 3.79 267.07 17757161.3 4691414.58 < 0.0001
Alantolactone 0.10 233.15 5432792.37 56803767.88 0.0093
Deoxycholic 
acid

0.12 392.3 4,880,487,917 42,086,369,684 < 0.0001

Isoferulic acid 0.25 177.05 3316069.29 13272322.57 0.0206
Mitomycin 0.28 335.13 9186872.64 32587250.9 0.0005
D-β-
Phenylalanine

0.30 166.09 125,478,540 414859391.4 < 0.0001

mz: Mass-to-charge ratio
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Table 3  Table of 14 metabolites with the highest AUC
metabolites FC P value AUC Sensitivity(%) Specificity(%) 95% CI
Formononetin 3.79 < 0.0001 0.9100 82.5 90.0 0.8459–0.9741
L-Prolinamide 1.29 < 0.0001 0.8800 87.5 90.0 0.7891–0.9709
Cysteine-S-sulfate 0.85 < 0.0001 0.8740 97.5 85.0 0.7817–0.9670
20a,22b-Dihydroxycholesterol 2.23 < 0.0001 0.8544 95.0 70.0 0.7679–0.9414
Epsilon-caprolactam 1.47 < 0.0001 0.8456 72.5 97.5 0.7472–0.9440
4-Methoxybenzaldehyde 1.67 < 0.0001 0.8431 75.0 100.0 0.7474–0.9389
Triethanolamine 4.12 < 0.0001 0.8244 92.5 60.0 0.7372–0.9122
1,1-Dimethylbiguanide 1.96 < 0.0001 0.8219 72.5 100.0 0.7165–0.9272
Sulfamethoxypyridazine 0.47 < 0.0001 0.8206 77.5 72.5 0.7297–0.9115
D-beta-Phenylalanine 0.30 < 0.0001 0.8169 100.0 55.0 0.7243–0.9088
Cybutryne 0.43 < 0.0001 0.8156 72.5 85.0 0.7192–0.9121
Oxoglutaric acid 0.33 < 0.0001 0.8063 92.5 75.0 0.7026–0.9099
Serotonin 0.66 < 0.0001 0.8050 65.0 90.0 0.7077–0.9023
D-Arabitol 2.14 < 0.0001 0.8031 62.5 90.0 0.7004–0.9058

Fig. 3  Heatmap of correlation analysis between differential metabolites and clinical indicators; ●: positive correlation, ■: negative correlation
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Fig. 4  ROC curves of 14 metabolites with the highest diagnostic value
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cardiovascular and metabolic comorbidities, including 
hypertension, atherosclerosis, dyslipidemia and insu-
lin resistance [4, 21, 22]. Intermittent hypoxia, sleep-
ing fragment, increased sympathetic nervous activity, 
enhanced oxidative stress, and systemic inflammation are 

hypothesized mechanisms leading to metabolic changes 
in OSAHS [23]. Prior research had shown that OSAHS 
was associated with changes in glucose and lipid metabo-
lism, including TC, TG, and Glu [22, 24]. A meta-analy-
sis found that the incidence of polycythemia in OSAHS 

Fig. 6  Metabolic pathway network diagram

 

Fig. 5  Differential metabolite related metabolic pathways. (A) Bubble diagram of influencing factors of metabolic pathway; (B) Histogram of the top 20 
metabolic pathway influencing factors with the lowest P value
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patients is about 2%, while continuous positive airway 
pressure (CPAP) treatment reduces the levels of Hb and 
hematocrit in OSAHS patients by 4 g/L and 1%, respec-
tively [25]. Shen et al. found that plt in OSAHS children 
was higher than that in the control group and positively 
correlated with the severity of OSAHS [26]. Several 
observational studies have reported a close correlation 
between OSAHS and serum UA [27, 28]. Previous studies 
have found that OSAHS patients had varying degrees of 
renal dysfunction, and UA, Cre, and BUN were all clini-
cal indicators for evaluating renal function [29, 30]. The 
above indicators have been reported in studies related to 
OSAHS, but their specific causal relationships were still 
unclear. In this study, there was no significant difference 
in the above indicators between the OSAHS group and 
the control group.

LC-MS identified a total of 1164 small molecule metab-
olites. The main small molecule substances in intestinal 
metabolites were amino acids, fatty acids, and organic 
acids, which were consistent with other metabolomics 
studies [31]. The result of OPLS-DA showed a signifi-
cant difference in the overall composition of metabo-
lites between the two groups. A total of 254 differential 
metabolites were screened out, with 96 metabolites in 
the OSAHS group increasing in relative content and 158 
metabolites decreasing. Among them, amino acids, fatty 
acids, and bile acids were mainly reduced. It was con-
sistent with previous research, such as a decrease in the 
microbiota producing SCFAs and the content of intesti-
nal fatty acids and bile acids, changes of microbiota func-
tion predicting in purine and amino acid metabolism 
[11, 13, 14]. SCFAs had a direct anti-inflammatory effect 
on the intestine, including promoting mucin synthesis, 
reducing bacterial translocation, maintaining intestinal 
integrity and alleviating intestinal inflammation [32, 33]. 
In addition, SCFAs were involved in immunity, adipo-
genesis, insulin sensitivity, and oxidative stress [34]. The 
reduction in SCFAs production led to intestinal barrier 
dysfunction, which may further exacerbate intestinal 
inflammation.

Through FC analysis, we found that the relative con-
tent of DHMA and Triethanolamine were significantly 
higher than the control group, while the relative con-
tent of Ala, Deoxycholic acid and Isoferulic acid were 
significantly lower. We briefly discuss these differential 
metabolites and their association with OSAHS in the 
following paragraphs. DHMA is a metabolite of norepi-
nephrine (NE) formed by bacterial encoded tyramine 
oxidase and aromatic aldehyde dehydrogenase [35]. A 
small portion of DHMA is directly produced by the host, 
while the majority of DHMA in feces is produced by the 
gut microbiota. NE is abundant in intestinal associated 
lymphoid tissue, which is the preferred target for initial 
infection by most intestinal pathogens [36]. The DHMA 

produced by gut microbiota from NE can serve as molec-
ular beacons for bacterial pathogens in the intestine, 
directing them to preferred infection sites and inducing 
their pathogenicity which may be related to an increase 
in intestinal pathogens in OSAHS patients. In addition, 
NE is the main neurotransmitter of the sympathetic ner-
vous system. The pathological mechanism of OSAHS 
complicated with hypertension has been fully confirmed 
to be related to sympathetic nervous system hyperactiv-
ity. IH increases the expression of HIF, which increases 
reactive oxygen species (ROS) through HIF-1 dependent 
activation of pro-oxidase genes and HIF-2 reduction of 
antioxidant gene transcription. ROS in turn activates 
the chemical reflex and suppresses the pressure reflex, 
thereby stimulating the sympathetic nervous system and 
causing hypertension. Animal models of IH long term 
indicated that potential mechanisms mediating hyper-
tension include increased sensitivity of chemoreceptors, 
excessive activity of sympathetic nervous system during 
the day, excessive production of ROS, and inflammatory 
effects on resistance vessels [37, 38]. Therefore, DHMA is 
both a virulence inducer and a chemical inducer, empha-
sizing the importance of elevated microbial metabolite 
DHMA from host neurotransmitters as a pathogenic 
mechanism for intestinal infections and OSAHS.

Triethanolamine is a weakly alkaline organic com-
pound that can react with inorganic or organic acids to 
form salts. The International Agency for Research on 
Cancer of the World Health Organization has classi-
fied triethanolamine as a Class 3 carcinogen. Mice fed 
a diet containing 0.3% or 0.03% triethanolamine devel-
oped malignant tumors [39]. In recent years, the poten-
tial connection between cancer and OSAHS has received 
attention [18]. The OSAHS animal model indicates that 
intermittent hypoxia and sleep fragmentation both pro-
mote tumor occurrence and changes in tumor malig-
nancy characteristics. Triethanolamine is used as an 
emulsifier in many cosmetics and topical drugs, which 
may cause allergic contact dermatitis [40]. Studies have 
shown that IgE mediated triethanolamine sensitivity 
leads to refractory sneezing [41]. 28 days of exposure to 
diethanolamine and triethanolamine resulted in changes 
in the laryngeal epithelium of rats, including revers-
ible metaplasia at the bottom of the epiglottis, and high 
concentrations of inflammation extending to the trachea 
[42]. Another study found that lower concentrations of 
triethanolamine may be a biostimulant that can promote 
microbial growth and selectively inhibit fungi and bacte-
ria at higher concentrations [43]. The pathogenic mecha-
nism of triethanolamine mentioned above is consistent 
with the pathophysiological mechanism of OSAHS. The 
significant increase of triethanolamine in the feces of 
children with OSAHS may be related to OSAHS.
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Ala is a terpenoid compound that can be isolated from 
herbaceous plants in the Asteraceae family. Its pharma-
cological effects include antibacterial, antifungal, antivi-
ral, anti-inflammatory, neuroprotective, and anti-tumor 
effects [44]. Ala exhibits good antibacterial activity 
against common human pathogens such as Staphylococ-
cus aureus, Pseudomonas aeruginosa, Bacillus cereus, 
Shigella dysentery, and Mycobacterium tuberculosis [45–
47]. One of Ala’s most important pharmacological effects 
is anti-inflammatory activity, which has been demon-
strated in cellular and animal inflammation models [44, 
48]. Ala can inhibit NF-κB and MAPK (a group of serine 
threonine protein kinases that can be activated by differ-
ent extracellular stimuli such as cytokines, cell stress, and 
cell adhesion), reduce IL-1β, IL-6 and TNF-α proinflam-
matory cytokines, have potential therapeutic effects in 
chronic obstructive pulmonary disease, diabetes, rheu-
matoid arthritis, atopic dermatitis and neuritis related 
to traumatic brain injury and ischemia/reperfusion 
injury. In addition, Ala has been proven to have a cer-
tain promoting effect on glucose and lipid metabolism. 
In adipocytes, 1µM ALa of can improve the decrease in 
glucose uptake and increase in fat accumulation caused 
by palmitic acid esters [49]. In L6 myoblasts, Ala can 
reverse the dysregulation of glucose uptake and insulin 
resistance caused by long-term exposure to IL-6 [50]. 
In L02 liver cells, Ala may reduce the lipid deposition of 
oxidized low-density lipoprotein on liver cells by inhib-
iting the phosphorylation of a transcriptional regulatory 
protein STAT3, thereby downregulating the expression 
of apolipoprotein C3, which is closely related to cardio-
vascular disease and several metabolic diseases [51]. Ala 
not only regulates glucose and lipid metabolism, but also 
has neuroprotective effects by reducing oxidative stress 
and inflammatory responses [52]. Ala exerts anti-tumor 
effects through various mechanisms such as inducing 
endogenous cell apoptosis, oxidative stress, endoplasmic 
reticulum stress, cell cycle arrest, inhibition of autophagy, 
and STAT3 phosphorylation [44]. Given the pharmaco-
logical effects of Ala mentioned above, further research 
and exploration are needed to explore the relationship 
between the reduction of intestinal Ala in children with 
OSAHS and OSAHS.

Deoxycholic acid is a free bile acid derived from bile 
acid by removing one oxygen atom. The gut microbiota 
undergoes various biological transformations of bile 
acids through biosynthesis and metabolism. Bile acids are 
responsible for intestinal lipid digestion and act as key 
nutritional signaling molecules [53]. The regulation of 
blood lipids, especially cholesterol, is partially achieved 
through the synthesis and excretion of bile acids into the 
gastrointestinal tract. The reduction of bile acids excreted 
into the intestine in children with OSAHS may be related 
to lipid metabolism disorders and obesity.

Isoferulic acid is a naturally occurring derivative of cin-
namic acid, which is the main component of the Chinese 
herbal medicine Da San Ye Cheng Ma [54]. It is often 
used as an anti-inflammatory drug in traditional Chinese 
medicine. Isoferulic acid has anti-inflammatory, anti-
oxidant, antiviral and anti-diabetes properties. Previous 
research showedthat IFA could inhibit the production of 
macrophage inflammatory protein-2 and inflammatory 
factor IL-8 [55, 56]. Numerous studies have shown that 
isoferulic acid has an anti-hyperglycemic effect, reduc-
ing blood sugar by inhibiting hepatic gluconeogenesis 
and increasing glucose utilization in peripheral tissues 
[57, 58]. Diabetes is a common complication of OSAHS 
patients. IH induces glucose metabolism disorder, while 
diabetes neuropathy can affect respiratory central con-
trol and upper airway nerve reflex, worsen sleep breath-
ing disorder, and there is a two-way relationship between 
the two [59]. From the functional characteristics of these 
five substances, there is a potential correlation with the 
pathological and physiological mechanisms and related 
complications of OSAHS. However, this study is limited 
to the observational stage and requires further cell or ani-
mal experiments for verification.

ROC curve analysis was performed on all 254 differ-
ential metabolites, and the results showed that the area 
under the curve of formononetin was the highest, 0.9100, 
with sensitivity and specificity of 82.5% and 90.0%, 
respectively. Formononetin was positively correlated 
with OAHI, which can evaluate the severity of OSAHS 
and serve as a potential biomarker for OSAHS. For-
mononetin from prickly stems is a flavonoid compound 
that exists in various plants such as astragalus, licorice, 
and red clover. Its proven effects include osteogenesis, 
neuroprotection, antibacterial, anticancer, and antihy-
pertensive effects [60]. It is known that it is absorbed in 
the intestine, distributed into tissues through plasma, 
and excreted by the gallbladder and kidneys. This study 
found that the loss of formononetin from the intestine in 
children with OSAHS was significantly higher than that 
in healthy children, and the specific mechanism needs 
to be explored. In addition to formononetin, there are 
13 differential metabolites with an area under the curve 
greater than 0.8. The 14 differential metabolites discov-
ered in this study may serve as biomarkers for screening 
and diagnosis of OSAHS, but they need to be validated in 
larger cohorts.

The 254 differential metabolites involved a total of 
113 metabolic pathways, including 27 fatty acid and 
other lipid related functions, 19 cell signaling related 
functions, 18 protein and amino acid related metabo-
lism, 18 disease related functions, 8 sugar metabolism 
related functions, 6 vitamin metabolism related func-
tions, and 18 other metabolic related functions. The 
metabolic changes of OSAHS included fatty acid, amino 



Page 12 of 14Lu et al. BMC Pediatrics          (2025) 25:204 

acid, sugar metabolism, vitamin metabolism. Therefore, 
the functional prediction of differential metabolites was 
consistent with previous OSAHS related studies, mainly 
involving changes in glucose and lipid metabolism and 
amino acid metabolism [11, 13].

This study provided a potential foundation for the 
pathological and physiological mechanisms of childhood 
OSAHS, but it still needs to be validated through experi-
mental research. Of course, this study had several limi-
tations. Firstly, the sample size of this study was limited, 
and the experimental results need to be validated in more 
central and large sample cohorts in the future. Secondly, 
whether changes in gut microbiota in children with 
OSAHS caused changes in gut metabolites and metabolic 
pathways, or changes in metabolomics led to changes in 
gut microbiota in OSAHS patients, as well as the specific 
relationship between the internal network and the host 
immune system, still needs further research. In addition 
to gut metabolomics and gut microbiota, our research 
group will continue to conduct in-depth research on gut 
fungi and gut virus, analyze the entire gut microbiota sys-
tem of OSAHS patients, and supplement objective data 
on the impact of gut microbiota on the occurrence and 
development of OSAHS.
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