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Abstract

Introduction Asthma is a heterogeneous disease with a complex pathophysiology. There is an
urge to improve the understanding of asthma mechanisms and disease management at the
molecular level. This study aims to identify the most altered features associated with asthma,
followed by discovering asthma-related urinary metabotypes and differentiators.

Methods From the cross-sectional U-BIOPRED project, adult baseline urine samples were
collected from healthy participants (n=95), patients with mild-to-moderate asthma (n=84),
non-smoking severe asthmatics (n=293), and smoking/ex-smoking severe asthmatics (n=101).
Untargeted metabolomics data were measured using high-resolution mass spectrometry.
Univariate analysis and consensus clustering methods were used for statistical analysis.

Results From two complementary HILIC methods, 247 compounds were tentatively identified,
composed of 205 metabolites from ZIC-HILIC positive ionization mode and 42 from negative
ionization mode. Four subgroups with different metabolic patterns were classified.
Endogenous steroid metabolites, caffeine metabolites, and carnitine species differentiated
asthmatic subgroups from healthy controls.

Conclusions A total of 233 unique urinary metabolites were identified from two
complementary ZIC-HILIC ionization modes. Although the unsupervised clustering algorithm
yielded subgroups with different metabotypes, the differentiated metabolites are not specific
enough to conclude any phenotypes or molecular descriptors.



Layman's summary

Asthma is a common airway disease with significant health consequences for both children
and adults. The onset of asthma is associated with body condition, smoking, or exposure to
environmental risk factors. Clinical diagnosis of asthma is based on a series of symptoms
patients present instead of standard diagnostic tests. Without considering individual
differences, disease management outcomes are hampered by unexpected adverse events of
medications and uncontrollable disease progression. Therefore, there is an urge to find
molecular markers that can consistently distinguish asthmatics subtypes.

Urinary samples measured by untargeted mass spectrometry-based metabolomics provide a
snapshot of global metabolites. As final products of biochemical progress in the human body,
changes in urinary abundance deliver information about systemic conditions, including
disease, diet, environment, and drugs. This advantage aids in the sub-phenotype
identification of asthma due to its complex etiologies.

U-BIOPRED (Unbiased BlOmarkers in the PREDiction of respiratory disease outcomes) is a
large-scale pan-European clinical project aiming at asthma sub-phenotype identification via
multi-omics platforms. Adult and paediatric patients were recruited from multiple centers,
and samples of various matrices were collected at different time points.

This study aims to get the most altered metabolites identified from urinary untargeted
metabolomics datasets and further discover asthma-related urinary metabotypes and
differentiators.

The U-BIOPRED project collected 573 adult baseline urinary samples from four well-
characterized cohorts: healthy participants, mild-to-moderate asthmatics, non-smoking
severe asthmatics, and smoking/ex-smoking severe asthmatics. All the statistics were
performed using R.

From two complementary HILIC methods, 247 metabolites were tentatively identified,
composed of 205 metabolites from ZIC-HILIC positive ionization mode and 42 from negative
ionization mode. Four subgroups with different metabolic patterns were characterized.
Endogenous steroid metabolites, caffeine metabolites, and carnitine species differentiated
asthmatic subgroups from healthy controls.

In summary, 233 unique urinary metabolites were tentatively identified from two
complementary ZIC-HILIC ionization modes. Although the unsupervised clustering algorithm
yielded clusters with different metabotypes, the differentiated metabolites are not specific
enough to conclude any phenotypes or molecular descriptors.



1. Introduction

Asthma is one of the most common non-communicable diseases with significant health
consequences for both children and adults (1). Around 300 million asthma patients worldwide
manifest the symptoms of wheezing, shortness of breath, and airway obstruction (2, 3). The
interactions between genetic susceptibility, host factors, and environmental exposures make
asthma a complex multifactorial heterogeneous disorder (4).

However, clinical diagnosis of asthma is based on patients' presentation with respiratory
symptoms, previous medical records, and tests for variability and atopy (5). Although there
are several clinical phenotypes of asthma, these descriptive, symptom-focused approaches
exclude the heterogeneous influence of individuals. Consequently, patients diagnosed with
the same asthma phenotype respond diversely to treatment. In particular, severe asthma
patients often suffer from adverse outcomes such as side effects from medications,
hospitalization, or even near-fatal events (6-9).

Recent efforts have been put into deconstructing asthma and categorizing patients at the
molecular level to find well-defined biomarkers. Untargeted mass spectrometry-based
metabolomics using accessible biofluids provides global metabolite profiling of the body (10).
As the end products of biochemical reactions, the fluctuation of circulation metabolites
reflects the interactive responses between disease status, dietary habits, environmental
factors, and therapeutic intervention (11), which is suitable for asthma sub-phenotyping.

U-BIOPRED (Unbiased BlOmarkers in the PREDiction of respiratory disease outcomes) study
is a large pan-European project aiming at asthma sub-phenotype identification via integrating
multi-omics platforms to increase molecular resolution (12-14). The projects recruited both
adult and paediatric patients, and multiple matrices (urine, blood, and sputum) were
collected at the cross-sectional and longitudinal visits.

We hypothesize that asthma patients exhibit distinct urinary metabotypes, and the
identification of molecular descriptors with sufficient resolution can characterize multiple
asthma subgroups. This study aims to identify the most altered metabolites from urinary all-
feature datasets and discover asthma-related urinary metabotypes and differentiators.

Abbreviations used

U-BIOPRED: Unbiased biomarkers for the prediction of respiratory diseases outcomes
ZHP: ZIC-HILIC positive ionization mode

ZHN: ZIC-HILIC negative ionization mode

CDF: Cumulative distribution function

OCS: Oral corticosteroids



2. Methods

Study subjects and design

Urine samples were prospectively collected for the cross-sectional U-BIOPRED study (14). 573
adult baseline urinary samples (FIGURE E1 and TABLE E1) were classified according to
international guidelines on severe asthma with the following groups: healthy participants (HC;
n=95), mild-to-moderate asthmatics (MMA; n=84), non-smoking severe asthmatics (SAns;
n=293), and smoking/ex-smoking severe asthmatics (SAs; n=101).

Mass spectrometry analysis

Metabolomics data were acquired by liquid chromatography-high resolution mass
spectrometry (LC-HRMS) employing the all-ion fragmentation (AIF) approach (15). Urine
samples were randomized and normalized with specific gravity (SG) to reduce matrix effects
(15). Two LC-MS ionization modes (ZHP (ZIC-HILIC positive) and ZHN (ZIC-HILIC negative))
were applied, and the acquired data were pre-processed using the method described before
(15, 16).

The datasets used in this study are different from annotated datasets in terms of containing
unknown peaks that were processed at the feature level (m/z and its corresponding RT
(retention time)). Other than that, all-feature datasets were exported with additional filtering
steps (16). For metabolite identification, accurate mass, RT, MS/MS spectrum, and
product/precursor ion intensity ratios are considered. Three levels were presented in this
study: (i) AMRT and MS/MS confirmed, (ii) AMRT confirmed, and (iii) MS/MS confirmed.

Statistical analysis

Statistical analysis and visualization were performed in R.

Univariate statistics

Relative abundances of features were non-normally distributed (Lilliefors test). Therefore,
non-parametric univariate statistical tests were subsequently used. The Kruskal-Wallis test
was used for multiple-group comparison, followed by a Tukey post hoc pairwise comparison
test. Storey positive false discovery rate (FDR) was calculated to correct p values for multiple
testing. Median fold change and confidence intervals were estimated using bootstrapping
(500 iterations).

Consensus cluster analysis

Consensus clustering is a method for unsupervised subtype discovery and sample
classification using high-dimensional data. Consensus clustering was performed using the
"ConsensusClusterPlus" package in R.

Metabolites with more than 20% missing values were removed for downstream analysis, and
the rest missing values were imputed with 0.5 times the minimum value of each
corresponding metabolite. A matrix of 478 asthmatics (293 SAns, 101 SAs, and 84 MMA) x



annotated metabolites were input to the consensus clustering algorithm after log2
transformation and Z-scored standardization.

The similarity between subjects was described by calculating Euclidean distance, and the
partitioning around the medoids (PAM) algorithm was used for clustering. The clustering was
repeated 1000 times, removing randomly 10% of the subjects at each iteration.

Classification analysis with variable selection and Random Forest

The "Boruta" package (17), a wrapper built around the Random Forest classification method,
was used to identify attributes relevant for classification. The algorithm creates a shadow
attribute of each independent variable and shuffles the added attributes to remove possible
correlations. The maximum Z score of shadow attributes is defined as the threshold value.
Original variables with Z scores higher than the threshold are deemed "important" (p<0.01).
The procedure was repeated 1,000 times.



3. Results
291 features were selected for metabolite annotation

15,583 and 16,934 features were obtained separately from the ZIC-HILIC positive and
negative ionization mode. In each dataset, we aimed to limit the scope from more than 15,000
features to 100-150 features for metabolite annotation. Due to the minor difference between
MMA and HC, the selection emphases on the comparison between severe asthmatics and
healthy volunteers, as well as the effect of smoking. The features were considered
consistently differentially abundant when their respective p values were smaller than 0.05
(0.001 for features obtained by the ZHN method) and fold change larger than two times in
the comparison between SAns vs HC, SAs vs HC, and SAns vs SAs (FIGURE 1 and E2). Taken
together, 291 features (123 from A.ZHP and 168 from B.ZHN) were significantly altered
between multiple comparisons.
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FIGURE 1. Volcano plots of pairwise comparisons in U-BIOPRED measured by ZHP and ZHN methods. The volcano
plots show feature abundance compared with healthy controls. The data point above the significance threshold
(p < 0.05 for ZHP, p < 0.001 for ZHN, and fold change > 2) are marked in blue (lower abundance in asthmatics)
and red (higher abundance in asthmatics), and others are marked in gray (not significant). HC = healthy non-
smoking controls; SAns = non-smokers with severe asthma; SAs = smokers or ex-smokers with severe asthma;
ZHP = ZIC-HILIC positive method; ZHN = ZIC-HILIC negative method.



247 urinary metabolites were tentatively identified

Including annotated metabolites in improved in-house libraries as well as 291 altered features
selected above, 205 metabolites were identified from the ZHP dataset, of which 118 were AM,
RT, and MS/MS matched, 40 were AM and RT matched, and 47 were AM matched with MS-
FINDER. The final ZHN dataset compromised 42 metabolites (14 AMRT-MS/MS, 9 AMRT only,
19 MS only). In total, compared to annotated datasets generated in 2016, where 90
metabolites were pooled from the library (17) (FIGURE E4), 247 compounds (233 unique)
were tentatively identified at different identification levels, with 14 metabolites detected by
both methods (FIGURE E3).

Taken together, 285 metabolites were tentatively annotated. Five metabolites were removed
due to missing values more than 20%, and 280 metabolites were considered for downstream
analysis.

Identification of metabolite-driven subgroups of asthma

Clusters

To identify metabolite-driven subgroups of asthma, a consensus clustering algorithm was
applied to assess the stability of a number of potential number of clusters (2 to 10). This
resulted in the separation of 3 or 4 stable groups after resampling, as defined by well-defined
squares within the consensus matrix (FIGURE 2A), a flat middle segment of consensus CDF
(cumulative distribution function) (FIGURE 2B), an elbow point in the delta area of CDF curve
(FIGURE 2C), and relative stable quality between subtypes defined from clustering (FIGURE
2D). Although separating into 3 and 4 clusters resulted in similar quality, 4 clusters were
chosen for further analysis to allow for a more precise sub-phenotype definition. By applying
a classification algorithm, it was possible to identify 101 metabolites (97 unique metabolites)
confirmed as important for classifying the four clusters (FIGURE E5).
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FIGURE 2. Consensus clustering of U-BIOPRED asthmatics. Clustering was applied to U-BIOPRED subjects with
asthma (n=478) using the input of 280 annotated metabolites. (A) Consensus matrices for models with the
optimal number of clusters. Four clusters (K=4) were visualized in heatmaps. (B) Consensus CDF plot for cluster
models of two (K=2) up to ten (K=10) clusters. (C) Delta area plot with the relative change in the area under the
CDF curve when comparing models with "K" clusters and "K-1" clusters. (D) Cluster-consensus plot where, for a
given cluster model K, the mean of all pairwise consensus values are higher if subjects are more often clustered
together. CDF = cumulative distribution function.

Four-cluster analysis (A1-A4)

The significant clinical variables of the four clusters are listed in TABLE 1. Briefly, cluster Al is
composed of patients with moderate-to-severe asthma with poor control. Cluster A2 mainly
consists of non-smoking patients (71%) with well-controlled asthma, despite relatively poor
lung function amongst subtypes (mean FEV1, 65.9% of predicted value). Cluster A3 is similar
to cluster Al in terms of lung function, except that the patients were nonsmokers diagnosed
with asthma at a younger age. Cluster A4 is mostly composed of female asthmatics patients
(71%) experiencing frequent exacerbations despite near-normal lung function and widely
receiving OCS (oral corticosteroids) (62%) and anti-IgE (17%) treatment. Although the
statistics of the clinical variables were significant, four metabolite-driven clusters are not
explicitly associated with any clinical phenotypes of asthma.



TABLE 1. Clinical characteristics of the four metabolite-driven clusters of asthmatics in the U-BIOPRED cohort.

Cluster Al A2 A3 A4 P value

(n=103) (n=107) (n=135) (n=133)

MMA per cluster 14 (14%) 15 (14%) 40 (30%) 15 (11%)

SA per cluster 89 (86%) 92 (86%) 95 (70%) 118 (89%)

SAn 60 (58%) 72 (67%) 76 (56%) 85 (64%)

SAs/ex 29 (28%) 20 (19%) 19 (14%) 33 (25%)
Age (years) 58 (46 - 64.5) 53 (45 -59.5) 46 (31.5-58) 53 (45-62) <0.001*
Females 52 (50%) 71 (66%) 68 (50%) 94 (71%) 0.001%
Age of Onset OR First Diagnosis (years) 32 (12 - 46.5) 24 (7.75-38.2) 16 (6 - 28.5) 28 (11-43) 0.001*
Exacerbation number in past year 2(1-3) 1(0-2.75) 2(0-3) 2(1-3) <0.05*
Smoking status (Non-smoker) 60 (58%) 76 (71%) 105 (78%) 76 (57%) <0.001*

FEV1% (L) 72.2(52.8-86.2) 65.9(51.2-85.6) 73.6(56.8-90.4) 73.2(56.8-88.5)  n.s.*

FEV. predicted (L) 2.92(2.4-3.44) 2.78(2.36-3.32) 3.23(2.76-3.78) 2.69(2.32-3.32) <0.001*
FEV: actual (L) 194 (1.46-2.69) 1.85(1.36-2.47) 2.32(1.7-3.07) 1.94(1.47-2.48) <0.01*
FEV, pre-Salbutamol (L) 1.86(1.43-2.65) 1.86(1.36-2.4) 2.37(1.62-2.94) 1.88(1.44-2.48) <0.01*
FEV: post Salbutamol (L) 2.14(1.67-2.99) 2.12(1.58-2.86) 2.51(1.9-3.2) 2.18(1.64-2.75) <0.01*
FEV.1/FVC pre-Salbutamol actual ratio 63.3(52.9-70.9) 61.4(54.3-72.7) 67.5(58.8-75.9) 63.4(54.4-75.5) <0.05*
FEV.1/FVC post Salbutamol actual ratio 67.5 (56 - 75.4) 65.8 (57.9-76.7) 72 (63.1-80.3) 66.5(58.3-77.2) <0.05*
Oral corticosteroids 58 (56%) 39 (36%) 51 (38%) 82 (62%) <0.05*
Anti-IgE therapy 11 (11%) 11 (10%) 10 (7%) 22 (17%) <0.05*
Inhaled combinations 80 (78%) 85 (79%) 90 (67%) 102 (77%) <0.001*
Diabetes diagnosed 13 (13%) 14 (13%) 7 (5%) 6 (5%) <0.05*
Blood Whbcs (x1073/uL) 8.1(6.56-10.1) 7.7 (5.82-9.52)  7.26(5.85-8.62) 7.9 (6.32-9.8) <0.05*
Blood basophils (x1073/uL) 0.03(0-0.095) 0.03(0.005-0.1) 0.02(0-0.0725) 0.05 (0.01-0.1) <0.05*

FEV = forced expiratory volume; FVC = forced vital capacity; HC = healthy non-smoking controls; SAns = non-smokers with severe
asthma; SAs = smokers or ex-smokers with severe asthma.

*Kruskal-Wallis test, unadjusted

tChi-squared test, unadjusted

Differential metabolite identification for the experimental dataset

Volcano plot analysis (FIGURE 3) was used to assess which metabolites differentiated
subgroups from healthy participants (p < 0.05, fold change > 2). All subtypes showed an
elevated abundance of Salbutamol and its metabolites. The metabolites with lower
abundance in Al are six endogenous steroid metabolites. Tetradecadienyl-carnitine (C14:2)
is the only carnitine that increased in the metabolite-driven subgroups. For A2, eight
endogenous steroid metabolites and two carnitine species (isobar of glutaryl-carnitine (C5:0-
OOH) and undecanoyl-carnitine (C11:0)) showed decreased abundance. Two caffeine
metabolites (caffeine and dimethylxanthine) and four carnitine species (acetyl-carnitine (C2),
propionyl-carnitine (C3:0), undecenoyl-carnitine (C11:1), and isobar of glutaryl-carnitine
(C5:0-0O0H)) discriminated A3 from healthy participants. In subgroup A4, four unique caffeine
metabolites (trigonelline, 2-furoylglycine, 2,3-dihydroxypyridine, xylose) increased more than
two times while having ten endogenous steroid metabolites and ten carnitine species
decreased.
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FIGURE 3. Comparisons of metabolic profile between subtypes (A1-A4) and healthy participants. The volcano plots show the abundance of differentiated metabolites
compared with HCs. From A1-A4, there are 12, 18, 9, and 30 altered metabolites, respectively. The data points above the significance threshold (p < 0.05, foldchange > 2) are
marked in blue (lower abundance in subtypes) and red (higher abundance in subtypes), and others are marked in gray (not significant). HC = healthy controls.



4. Discussion

Building upon earlier work in 2016, where 90 metabolites were targeted pooled from the in-
house library, annotated metabolites increased to 247 (132 AMRT-MS/MS, 49 AMRT only,
and 66 MS only). Consensus clustering analysis yielded four metabolite-driven clusters of
asthmatics differentiated by endogenous steroid metabolites, caffeine metabolites, and
carnitine species.

The unsupervised classification method usually requires an inner replication (validation
dataset) to guarantee confidence and reliability since it confirms the results obtained from
the training dataset. However, two problems occurred when performing consensus clustering
algorithms.

Firstly, the U-BIOPRED project has defined a formal training/validation split where important
clinical variables (asthma severity, gender, and age) were well balanced. In our study, 10 out
of 280 metabolites were not balanced (adenosine, NN-dimethyl lysine, nonanoyl-carnitine
(C9:0), hexenoyl-carnitine (C6:1), threonine, glucose, galacturonic acid, and
pyroglutamylglycine) (TABLE E4). It is noted that energy supply is a common altered
metabolism area in asthma studies, and glucose, threonine, and adenosine are involved in
different energy metabolic pathways (18). Moreover, these three compounds are at least
reported twice as differential metabolites from asthma studies (19), indicating biased results
from combining training and validation sets.

Another barrier was mapping the clusters from training and validation sets into sub-
phenotypes. Initially, several clusters were classified from the training and validation set
separately. Based on the patterns of driving metabolites and clinical characteristics of each
subgroup, sub-phenotypes were subsequently mapped. However, no stable sub-phenotypes
were yielded from these attempts despite using various sizes of participants (all asthmatics
or only severe asthmatics), metabolites (all identified metabolites or excluding caffeine
metabolites), and a different number of clusters (2 or 3). Since the mapped sub-phenotypes
were similar to that of clustering asthmatics as a whole, results from clustering all asthmatics
using 280 metabolites with smaller bias were reported here.

The discriminative role of endogenous steroid metabolites attributes to the oral
corticosteroid (OCS) treatment of asthmatics. OCS is an effective and widely used therapy in
severe asthma management (20). Long-term external glucocorticoid administration exerts
suppressive effects through feedback-inhibition loops, leading to adrenal inefficiency with
lower global endogenous steroids (21). Since gender composition affects the level of sex-
related steroids such as testosterone and estrone, the influence of sex in metabolite
phenotyping remains to be evaluated.

Caffeine, chemically a methylxanthine (1,3,7-trimethylxanthine), is available from natural
botanical species and commonly consumed in beverages and foods, such as coffee, tea,
energy/soft drinks, chewing gums, and cocoa (22). It is absorbed within 45 minutes in the
small intestine and is primarily metabolized in the liver via the isoenzyme CYP1A2 (more than
95%) (23). The caffeine itself can increase the CYP1A2 activity, and the rate of metabolism
and elimination is dependent on age, gender, and smoking habit (24, 25). In addition, caffeine
is a common ingredient in bronchodilators that modestly improve airway function (22). This



bronchodilator property can be found in three main caffeine products yielded from the first
demethylated steps. These primary caffeine metabolites are paraxanthine (1,7-
dimethylxanthine), theobromine (3,7-dimethylxanthine), and theophylline (1,3-
dimethylxanthine), of which theophylline is a second-line drug in asthma treatment (26).
Caffeine metabolites were not distinguished between clinical cohorts in the U-BIOPRED
project (TABLE E2). Considering possible pharmacokinetic disturbances and confounding
effects, although several metabolomics studies have reported altered caffeine metabolism in
asthma (27, 28), the results should be interpreted with caution.

Carnitine (B-hydroxy-y-N-trimethylaminobutyric acid) is a conditionally essential nutrient that
involves the transport of long-chain fatty acids into the mitochondria matrix, where fatty acid
oxidation occurs for energy supply (29). Previously, decreased abundance of acetyl-carnitine
(C2) and propionyl-carnitine (C3:0) have been reported in relation to disease severity and are
independent of OCS treatment (17). From the 40 carnitine species identified in the current
library, this decreasing pattern is partly consistent despite several weak anti-correlation
(FIGURE E6), and 33 carnitine species are independent of OCS treatment (TABLE E3). Further
investigation is required to illustrate pharmacological variance among the different lengths of
side chains and the number of double bonds.

Principal component analysis (PCA) suggests better-separated ellipses of metabolite-driven
clusters than clinical cohorts (FIGURE E7). However, the first two principal components only
explain 15.2% of the variance, which is insufficient to conclude any discriminative asthma-
related metabotypes or differential metabolites.

The current study is unique and represents the large-scale untargeted mass spectrometry-
based investigation of the urinary metabolome in adult asthma patients. Certain metabolic
pathways were revealed to improve the understanding of the metabotypes of asthma.
However, endotype or phenotype identification requires a unifying and consistent clinical and
physiological characteristic. The understanding of confounders is not yet comprehensive
enough, leaving insufficient molecular resolution for unbiased asthma subtype identification.
Although several metabolic signatures are related to asthma sub-phenotyping, it does not
achieve all the requirements to form a true endotype or phenotype (30).



5. Supplementary material

Baseline samples Longitudinal samples
C.ZIC_pHILIC D.Lipidomics C.ZIC_pHILIC D.Lipidomics
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FIGURE E1. Overview of baseline and longitudinal samples available for four all-feature metabolomics
datasets (Batch 1-17). Two urinary datasets (A.ZHP and B.ZHN) and two blood datasets (C.ZIC_pHILIC and
D.Lipidomics) were included for sample selection. Due to the time limitation, urinary datasets with 573 adult
baseline samples were used for further analysis. A.ZHP = urinary dataset from ZIC-HILIC positive method;
B.ZHN = urinary dataset from ZIC-HILIC negative method.
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FIGURE E2. Venn diagram used for feature selection from (A) ZIC-HILIC positive dataset and (B) ZIC-HILIC
negative dataset. From left to right, each Venn diagram demonstrates the comparison as follows: (i) the
significant altered features (p < 0.05 in (A)/p < 0.001 in (B) and fold change > 2) in both SAns vs HC and SAs vs
HC; (ii) the significant altered features (p < 0.05) in both SAns vs HC and SAs vs HC and SAns vs SAs; (iii) the sum
up of selected features. HC = healthy controls; SAns = non-smokers with severe asthma; SAs = smokers or ex-

smokers with severe asthma.
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FIGURE E3. Metabolites identified from both ZHP and ZHN method. (A) Venn diagram illustrating the
number of metabolites that were detected by two methods. (B) Correlation plot of these 14 overlapping
metabolites, of which Inosine and Xanthosine show unexpected correlations. A.ZHP = dataset from ZIC-HILIC
positive method; B.ZHN = dataset from ZIC-HILIC negative method.

FIGURE E4. Venn diagram comparing the number of identified metabolites with previous version. Ninety
metabolites were targeted pooled from in house library in 2016, and 247 metabolites are annotated in
current library. For more information included for sub-phenotyping, 285 metabolites were included for
further analysis.
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FIGURE E5. Importance of metabolites associated with classification of sub-groups. The Boruta algorithm identified all variables with significant importance for the

classification of four clusters and furthermore defines each variable as confirmed (n

=10) or

101, with increasing importance from left to right), tentatively important (n

=169).

unimportant (n

# Overlapping metabolites detected by ZIC-HILIC negative ionization mode.
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FIGURE E6. Correlation plot of 40 carnitine species from current in-house library using data from 478 asthmatics.
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TABLE E1. Overview of four all-feature metabolomics datasets.

Urine (Karolinska — Gunma)

Blood (UCSD)

Datasets A.ZHP B. ZHN
(ZIC-HILIC POS) (ZIC-HILIC NEG)
Baseline samples 605 582
Longitudinal samples 305 294
Samples 910 876
Features 15,583 16,934

C. ZIC-pHILIC POS D. Lipidomics
595 596
302 302
897 898
6,907 14,770




TABLE E2. Information of 280 metabolites and statistical analysis by cohort.

Fold Change Post hoc pairwise comparison
ldx Method Metabolites - ':OCH a9 (Fg't':'ﬁ a CS?O":I a Cstlt-\JSH g p_t:‘l’ue FDR MMA_HC SAns_HC  SAs_HC INCHIKEY
1 ZHP  Erucamide (10. 66,1.52) ?6?72, 135) ?5652, 135) ?6.7587, 116 TA6E01  18BEOL  1O0OEH00 9.23E01  8.24E01 EAUDZ\” PLUGNMU-KTKRTIGZSA-
2 ZHP  Sulfamethoxazole (10.771 1.26) ?('f:g’ 13) (1(')_1955’ 1.45) (1(')_1;’9’ 14g) 2A0EO1 85302 99SE01  A94E0L  6.62E01 :\ILK'GFTWXXRPMT'UHFFFAOYSA’
3 ZHP  Caffeine 1 0-56 0.92 1.02 2.02E-01  7.556-02  2.08E-01  9.356-01  9.96E-01  RYYVLZVUVIVGH-UHFFFAOYSA-N
(0.53,1.88)  (0.4,1.04)  (0.64,152)  (0.68,1.74)
4 ZHP  N-Cinnamoylglycine 1(0.8,1.27) ?6?: 4.1.08) ?6?:& 114) ?&11’ Log) 74SE01  18BE01  9S3EOL  925E0L  6.85E01 Cg’??g"KL(\s’wa“_ﬂNUGQL'
5 ZHP  salicyluric acid (10'76,1.28) (1(')(_)71511_28) (11'_205111_46) (11'_5136,2_16) 256E-02  1.356-02  7.99E-01  7.916-01  1.73E-01  ONJSZLXSECQROL-UHFFFAOYSA-N
6 ZHP  Hippuric acid (10.88’1.16) (16?:6,1.18) (16?;1,1.12) (16?;8’1.09) 5.15E-01  147E-01  9.97E-01  9.95E-01  7.47E-01 ﬁ'AFMBKCNZACKA'UHFFFAOYSA'
7 ZHP  Acetaminophen ! 107 1.19 1.16 2.80E-03  1.856-03  6.26E-01  5.27E-03  1.156-02  RZVAJINKPMORIF-UHFFFAOYSA-N
(0.91,1.09)  (0.96,1.19)  (1.08,1.33)  (1.05,1.45)
8 ZHP  2-Furoylglycine (16?629, 149) ?6135, 1.15) (1(')?;6, 15) (1(')_1:8, Loz 162601 630E02 410E01  9.89E0L  9.04E01 ESHPFC:EA'\QTSZAZ_T\IQLM'
9 ZHP  Paraxanthine 1(0.76,1.3) ?f:& 1.09) ?6.9788, 117 1(08122) 170E01 654602 118E01 70101  8.06E0L 8:_: EF\?:/ :C?XST:IGTCO'
10 ZzHP  3-Indoleacrylic acid 0.99 1.2 0.86 0.73 9.65E-05  9.25E-05  9.67E-01  166E-01  1.326-03  PLVPPLCLBIEYEA-AATRIKPKSA-N
(0.73,131)  (0.9,153)  (0.69,1.11)  (0.55,0.97)
oz ROV oy (093123 (087121 (Ooiios 220E01 82902 osEor o301 7ooeor il AR
12 ZHP :;ﬁjcetammb“tamic 1(0.9,1.11) (16(.);5, 117) (11'.103’ 121) (16(.)978, 12) 2.60E-02  1.36E-02 4.57E-01  146E-02  1.54E-01 :ZTFMUBKZQVKLK'UHFFFAOYSA'
13 ZzHP  Nicotinic acid 1(0.65,1.5) ?6?:211_39) ?6?78411_41) (1(')(_)78611_52) 5.76E-01  156E-01 8.73E-01  9.94E-01  9.32E-01 ;VN”MVLHYAWGP'UHFFFAOYSA'
14 ZHP  Pantothenol (10. 64.1.55) ?6.9(398, L42) ?6.9(379, 129) (1&18’ L4z OBEOL  234E0L  O90E0L  9.81E01  9.96E01 ,S\INPLKNRPJHDVJA'ZETCQYMHSA'
15 ZHP  Ferulic acid (10.78’ 132) ?6?752, 134 ?6?39, 128) (16.1;1, 1ag) 930E01  225E01  94SE01  9.87E01  100E+00 E;E/ﬁm;{BOYSZE\‘HS'
16 zHP  Pantothenic acid (1623,13, 121) (1(')_187, 134 (1(')?;6, 118) ?6?724, 123 3OBE01  103E01  7.22E01  100E400  8.25E01 S:T(ngﬁfjfw'
17 ZHP  N-Methylnicotinamide (10.8 1124 ?6?873, 117) ?6?:6, 12) (16(.)971, 13y 30901 102601  978E01  994E01  5.01E01 ELVFXFHF;\S/Q :_ ';DBM’
18 ZHP  Phenylacetylglutamine (10. 62,1.09) (16(.);5, 113) (16(.);6, L11) (16(.);7, 11q) O97E02  420E02  7.20E01 455601  6.09E02  JFLIEFSWGNOPLTQLOIEISA-N
19 ZHP  Octenoyl-carnitine (C8:1) (10.75, 134 ?6?:& 121) ?6?;2, 0.52) ?(')ifs, Los 22BECS  251E05  98SEOL 227604  359E02 LOSHAH DSFZXVCT-LXKVQUBZSA-
20 zZHP  Methylxanthine (10.7 4133) ?6.7547, 0.96) ?6?; 128) (16(.)835, 13s) 3S0E02  178E02  290E0L  9.99E01  645E01 xVOYJPOZRLFTCP'UHFFFAOYSA’



Fold Change

Post hoc pairwise comparison

ldx Method Metabolites (ke :IocH 9 2"::'3 a9 gfo"; a9 CStAosH 9 p_t:‘l’ue FDR MMA_HC SAns_HC  SAs_HC INCHIKEY

21 ZHP lc\lalr-bl\:I):;::Iilc-ji-pyridone-} (10.88,1‘13) (16(.)974,1.2) (16(.);1,1.11) (16(.);1,1.19) 7.31E-01  1.86E-01  6.97E-01  9.80E-01  9.87E-01 ETLRWTOPTKGYQY'UHFFFAOYSA'

22 ZHP  Valeryl-carnitine (C5:0) (10. 84.1.19) ?(3?618, Lon) ?6.6546, 075) ?6.6577, 0ge) O20E09  OSBE09  123E0L 362609 535604 \S’Iflcgggfg’s'\zf’;’*”'

23 ZHP  Nicotinamide (10.8211‘26) (1(')(_);8’1.25) ?(')?775’1.01) ?(')?75’1.01) 473803 301603 913601 126601 141601 o ocorPoDrUHIFFAOYSA

24 ZHP  Butyryl-carnitine (C4:0) (10.85, L18) ?(')?718’ L08) ?(')_7654’ 0:84) ?(')?763’ 07 62306  7G3E06  7SSEOL  17IE0S 562602 SQEVggIFh';'F:GSzECMBN'

25 zHP  1,3-Dimethyluric acid ?6?798, 125) ?6.7525, 058) (11215 58) (11'249’ 204 298E08  SEOE0B 282601  647E02  461E04 Sgii';:gxi%m”

26 zHP  Kynurenicacid (10'89, 112) (16?;3, 121) ?(')?8 1099) ?6?:5, Loy L8803 134E03  624E01  LISEO1 726601 HCZHHEITKROPDY-UHFFFAOYSA-

a7 e fégﬂ;)nyl-camitme ?6?;4,1.34) ?6?412,0.97) ?6.3296,0.55) ?(;‘229,0.6) >89E10 156809 7.268:02  4-10E10 - 408504 zFAHZlUFPNSHSL-MRVPVSSYSA-

28 P z;:jiydmxymdmeacaic (10.93,1.07) (16.1918,1.2) (1i.1(113,1.19) (1i.1(;15,1.27) 774803 4.74B03  260E:01 121802 9.28E-03 B:LFJFG;Z%(\:(ES%;ZNO_

29 ZHP  1,7-Dimethyluric acid ?6?791, 136) ?6?:2,0.99) (1(')?;2, 153) (11'_306, L7q B87E04  690E04  261E01  7.04E01  LS7E01 EOFNCLGCU”PKU'UHFFFAOYSA‘

0 ZWP  N-Acetylglutamic acid (10.88,1.13) (16(.)57,1.22) (1i,112.22) (16(.)56,1.21) 921802 3.93802 242801 627802 2.85E:01 smmﬂlﬁ e

31 ZHP  Nicotinuric acid (10.82, 119) ?('f; L18) (112172 15) (11'241,2_ 1 LMEI0 377E10  992E01  135E04  L57E-08 EBSGKPYXQ'NNGF'UHFFFAOYSA'

32 ZHP  Indoxyl-sulfate (10.78’ 127) (16?;1’ 131) (16?:7, 123) (16.191, 134  ASSEOL  134E0L  BEOEOL  957E0L  4.44E01 zXFFHS'DQOFMLE'UHFFFAOYSA‘

33 ZHP  4-Pyridoxic acid (10.89’ 115) (16?;6’ 116) (16(.):9, 119) (16.1:8, 139 OI7EOL 222601  LOOEW00 96901  9.99E-01 :XACOUQ'XZGNBF'UHFFFAOYSA‘

34 ZHP  N-Acetyl-glutamine (10.79, 127) (16?;3, 145) (16?;5, 123) (1(')?;3, 12y O4EOL  231E01  95S6E01  976E01  9.89E-01 ESMRODHGG”XDV'YFKPBYRVSA‘

35 ZHP  N-Acetyl-asparagine (10.83’ 117) (16?971, 137) (16?;8’ 123) (16952, L BSGEOL 212601  BAOEOL  9.8BE0L 965601 :XFOXFJUNFFYMO'BYPYZUCNSA'

36 ZHP  Xanthine (10. §71.14) (112021 139) (1(')_1;7, 13) (1(')(_):7, 129 L7IEOL  6S0E02  278E01  1SOEO1  6.54E-01 b:F;’TFF\;Vx;'\_’:\TALW'

37 zHP  2,3-Dihydroxypyridine (10. 12.2.39) ?(')_735, 131) (16.1(?, 2.24) (21'_3(;36, 4oy 122603 938E04  SETEOL  960E0L  392£02 ﬁGOZGYRTNQBSSA'UHFFFAOYSA‘

38 ZHP  Acetyl-carnitine (C2) 1(0.83,1.2) ?(').6571 0.97) ?;:5'0.53) ?6?347, 0g5) LSUE0B  309E08  LIIEOL  951E09  270E03 ;DHQFKQ'GNG'ED'MRVPVSSYSA’

39 ZHP  Hypoxanthine ! 1.19 0.98 0.97 285E-02 147602  3.85E-01  7.78E-01  7.80E-01  FDGQSTZIBFJUBT-UHFFFAOYSA-N
(0.84,1.17)  (0.98,1.43)  (0.83,1.11)  (0.77,12)

40  ZHP  2-Deoxyinosine (10. 67.1.39) ?(.)2.3613, L13) ?6?;3, 127) (16?787’ 157 3S9E01  L14EOL  G97E01  LODEVO0  B.9BE-0L ng&gﬁ&giﬁ\?m_

41 zHP  1-Methyluric acid (10. 65.1.49) ?(').75 L102) (16.2;4, 1) (11'.7255'2.53) 447E-10  123E-09  1.11E-01  2.396-01  6.03E-05 ﬁFDRTQON'SXGJA'UHFFFAOYSA’



Fold Change

Post hoc pairwise comparison

ldx Method Metabolites (ke :IocH 9 2"::'3 a9 gfo"; a9 CStAosH 9 p_t:‘l’ue FDR MMA_HC SAns_HC  SAs_HC INCHIKEY

42 ZHP  Acetyl-citrulline 1(0.8,1.27) (1(')_19’ . (1(')_195’ . (11'_2:6’ 162 AOSE02  198E02  891E01  4BIE0L  2.80E02 \L’\L’J'\F:'J?m:gg &NRROC'

43 ZHP  Dimethylguanosine 1(0.9,1.14) (16.1;9, 131) (111055 127) (11'.1(;36, 133 L47E03  109E03  L12EO1  644E03  9.90E04 ;SPURTUNRH NVGF-IOSLPCCCSA-

44 ZHP  7-Methyluric acid 1(0.73,1.4) ?(')?67’ . (1(')_292’ . (1(')_1:4’ 152 3O7E01  LISEOL  100E+00  S09E01  8.68E01 B:':?FT(;JYFSPXY,\ETOP'

45 ZHP Ritalinic acid (10.791 . (1(')_1;’5’ " (1(')(_);8’ e (1(')(_):7’ 125 SME0L  147E01  551E01 976601  801E01 :\'I“GSNVSERUZOAK'UHFFFAOYSA'

46  ZHP  5-5-Methylthioadenosine 1 (0.72,1.3) ?6?743, 133) (16.1986, 155) (16(.)971, 145) 39BE02  198E02  96OEOL  200E01  9.23E01 \,C’UUGFSXJ NOTRMR-IOSLPCCCSA-

47 zHP g\liitj:;‘mgzhe" (10'7 4134) (1(')?744, 142) (11'f‘()73, 18) (1(')_5969,2_ 62) O96E03  594E03  937E0L  641E02  187E02 :\TROLSWVHAQLE'BYN'DDHOSA'

48 ZHP  N6-Succinyladenosine 1(0.9,1.13) (16?; 4117) (16?;6, 114 36?988, 122 737E02  329E02  376EOL 25601  4.54E02 \,\’AKSBZSSSSE';X;L'

49 ZHP  N1-Methylguanosine (10.89’ 112) (16(.);3, 115) ?6?;7’ 1.08) (16(.392, 115y  L7IEOL  646E02  690E01  9.86E01 63801 chz?:\T;Q?LJEEEDW_

50  ZHP  Tryptophan betaine (10'59, 166) ?6?592, L61) ?6?3, 0.97) ?(')_5321, 122 ©39E02 291E02  9GIEOL  210E01  8.26E02 QSSSCSEE:EQES)(:EMOR'

51  zHP  Inosine 1(0.8,1.23) (11412 179) (11'.5228’ L84 (11'?45’ 215 Z13E03 145603 BEOE02 541603  197E03 ESSN'\;'OR(\C/LRJ';’K T\‘ASKQ'

52 ZHP  Cyclohexylamine ! 0.98 0.98 101 7.80E-02  3.42E-02  5.71E-01  4.36E-01  9.37E-01  PAFZNILMFXTMIY-UHFFFAOYSA-N
(0.941.06)  (0.93,1.02)  (0.92,1.01)  (0.96,1.06)

53  zHP  N2-Methylguanosine (10. 88,112) (16?;1, 122 1(08911) (16?:8’ 116 S27EOL  148E01  604E01  1O0EH00 97301 ig;‘NR)g(Fé?EE_YNRAW'

54  zHP  Pseudouridine (10.92’ 1.09) (16(.)977, 118) (1(-)(.)936, ) (16(.);4, 1y  2B1EOL 973602  231E01  461E01  558E01 ZTBJ,\\:\SS&':\S’XF_’LNBW'

55 ZHP gégcc'i:)‘;gzine 1(0.9,1.1) (1(')?966, 1.16) (11'%91, 1.19) (11112 2) 2.776-02  144E-02 3.58E-01  4.12E02  2.77E-02 SI;/VF\{I'\\::??FI;?\I'\SAAD—EJTHS-

56 ZHP Uric acid (10.93’ 107) (16?915, 1.08) ?6.9996, 1.07) ?6?972, Log B6SE0L 213801 967E01  9.18E-01  1.00E+00 KEHOTFFK'V” EONL-UHFFFAOYSA-

57 ZHP  Phenylalanine (10. §7,115) (1(')_1;7, 129) (1(')(_); 113) (1(')(_);9, 117) 2S3E01  BBSE02  296E01  9SGEOL  1.00E+00 gﬁu\ﬁgggg&;ﬁ

58  zHP  Kynurenine (10.77, 127) (16?;3, 138) (16.1;2, 143) (1(')_2965, Lsq 385E01  119EO1  92GEOL 40001  4.81E01 Zl(::a,fﬂo;fgg:ﬁ

59  ZHP  Homarine (10. 19.2.17) (16.25 6.15] (16(.)516, 153) (16(.)598, 174 OSB8EO0L 15BE01 581601  93BE0L 791601  BRTLKRNVNFIOP)-UHFFFAOYSA-N

60  ZHP  2-Methylpyrrolidine ! 1.39 1.1 1.09 3.38E-01  1.10E-01  3.23E01 831E-01  9.95E-01  RGHPCLZIAFCTIK-UHFFFAOYSA-N
(0.77,1.24)  (0.99,2.06)  (0.91,1.41)  (0.76,1.4)

61  zHP  Amoxicillin (16?613, 161) ?6?; 139) ?(').9761' 153) (16.1:, y15 L7001 650E02  9.82E01  739E0L  3.41E01  LSQZILSUYDQPK-NIBDSQKTSAN

62 ZHP  Tryptophan 1 111 1.05 1.12 755601  1.89E-01  7.00E:01  9.45E-01  9.456-01  QIVBCDUIAIPQS-VIFPVBQESA-N
(0.81,1.21)  (0.9,1.38)  (0.89,1.24)  (0.83,1.4)



Fold Change

Post hoc pairwise comparison

ldx Method Metabolites (ke :IocH 9 2"::'3 a9 gfo"; a9 CStAosH 9 p_t:‘l’ue FDR MMA_HC SAns_HC  SAs_HC INCHIKEY

63 ZHP  Adenosine (10.871 116) (1(')(_);9’ 127) (1(')_19 6,1.28) (1(')_298’ 14) 5.50E-01  1.54E-01 897E-01  5.82E-01  5.50E-01 Sg‘ﬂ&g}?ﬁﬁoq'

64 ZHP N-Acetylneuraminic acid (10. £9.1.12) (11'.15‘3, 1.25) (11111 22) (112161 139) O6SE05 593605  1O0IE0L  387E03  176E-05 iggék‘gﬂg’fﬁ“o‘

65 ZHP  7,8-Dihydrobiopterin (10.861 118) (1(')(_):1’ 127) ?(f; 4,1.11) (1(')(_):9’ 121) 470E01  136E-01  859E-01  9.72E01  9.52E-01 ;m)\(lzs[;;’;ggmpﬂ

66 ZHP  Tyramine (10.85[ 118) ?(')?:6’ 118) ?6?57, 1.03) ?(')?721’ 00s) HBAE03  3.0SE-03  100E+00  370E02  5.42E-02 3ZGWFCGJZKJ UFP-UHFFFAOYSA-

67 ZHP  7-Methylguanine (10. 88.1.14) ?6?:6’ 112) ?6?;5’ 1.06) ?6?;3’ 11) 6.06E-01  160E-01  9.88E-01  8.25E-01  9.87E-01 LZWGECJQACGGT"UHFFFAOYSA'

68 ZHP Proline betaine (10. 64,1.61) ?6146, 119) ?(')114, 111) ?6?9, 075 »11E03  145E:03  9.63E01  181E01  2.36E-03 wgp&gﬁ\? HQPW-

69 ZHP Guanine (10.74,1.39) (16.2;9,1.65) ?6.9766,1.27) ?6?611,1.06) 7.89E03  4.74B03 323801  S.15E-01  3.36E-01 BLTFF;LFJXCLJ)\%TIL\:YGX-

70 ZHP  Trigonelline (10.72’ 1.36) (10.72’ 1.28) (11'?3’ 1.77) (11?154’2. 1g) 287E04 247604 9.43E-01 398602 180E-02 \g:gypliéc\gilfﬁDopx_

71 ZHP N-Methyl-proline (10. 66,1.57) ?:472, 1.08) ?6?53, 1.08) ?(')_7:6, 11) L2801 S.3E:02  186E-01  148E01  2.24E-01 EWLQUGTUXBXTLF'YFKPBYRVSA'

72 ZHP Betaine 1(0.84,1.2) ?(3?885, 114) ?6?79, 101) ?(3?738, 117) P30T LO3E0L  7.16E-01 235601  671E-01 ,'le'UHFFTVRNATP'UHFFFAOYSA'

73 ZHP  Tyrosine (10. 82.1.27) (1(')_1;3, 1.34) (16(.352, 1.28) (1(')(_)867, 128 29601 100E01  58IE-01  479E-01  100E+00 S;Y&ﬁ:gsggzim&

74 ZHP Theanine 1(0.5,1.83) (1;‘:7’5.0 1) (16.3783,2.0 6) ?6?51, 1.56) 5.26E-01  1.49E-01  5.39E-01  8.04E-01  9.97E-01 gATAGRPVKZEWHA'YFKPBYRVSA'

75 ZHP :;ﬁj“a”idm”b“ta”mc (10.7 4,129) ?561’ 106) ?6.7:7, L03) ?6.7(33, 097 ~ BE7E02  386E02  7S1EOL  119E01  L11E01 LUHVEAJX'MEOSA'UHFFFAOYSA'

76 ZHP Proline (10. 87.1.13) (1(')?;9, 114) (1(')957’ 119) (1(')?97, 1.24) 2.87E-01  9.84E-02  9.93E-01  5.51E-01  7.31E-01 EN'BWKKTOPOV'A'BYPYZUCNSA'

77 ZHP Dimethylglycine (10.73’ 1.39) ?6?724, 1.24) ?6?75, 12) ?6?77 6.1.29) 6.66E-01  1.74E-01  9.75E-01  9.78E-01  9.30E-01 LFDGPVCHZBVARC'UHFFFAOYSA'

78 ZHP  Choline (10.83, 119) (1(')_1979, 1.34) (11'_20 4,1.35) (1(')_1;7, 128 4E02 117602 143E01 133802  450E-01  OEYIOHPDSNIKLS-UHFFFAOYSA-N

79 ZHP  Taurine (10.73, 1.43) ?6?:1, 1.33) ?(')%6, 118) ?(')185, 14) 6.52E-01  1.71E-01  1.00E+00 8.33E-01  1.00E+00 ﬁa/:/:gg\z(ngOTB-

80 ZHP  Carnitine (CO) ! 0.88 0.68 0.76 1.10E-06  1.52E-06  3.89E-01  1.41E-06  5.67E-02  PHIQHXFUZVPYII-ZCFIWIBFSA-N
(0.89,1.15)  (0.75,1.04)  (0.59,0.75)  (0.63,0.96)

81 ZHP  4-Imidazoleacetic acid (10.85, 116) (10'87, 1.15) (16(.)911, 118) ?6?:4, 117) O8AEOL 23301 9.97E:01  9.93E01  100E+00 ;RJKNHOMHKJCEJ’UHFFFAOYSA’

82 ZHP  Creatine (16?713, 1.46) (1(').1812' 1.52) (11413 1.91) (16.2916, 161) 4803 223603 BI16E01  425E03  9.14E-02 S:igigi‘s’\/fﬁ“qv'

83 ZHP N-Acetyl-histamine (10.73, 1.38) (16.1:7, 1.84) (11'.2073' 173) (11'.7326'2.53) 9.86E-05  9.32E-05  1.25E-01  6.33E-03  3.07E-05 EJWP'SBUKWZALE’UHFFFAOYSA'



Fold Change

Post hoc pairwise comparison

. HC MMA SAns SAs KW
Idx  Method Metabolites (FC to HC) (FC to HC) (FC to HC) (FC to HC) p-value FDR MMA_HC  SAns_HC SAs_HC INCHIKEY
. L 0.93 0.92 0.91 OYIFNHCXNCRBQI-BYPYZUCNSA-
84 ZHP 2-Aminoadipic acid 1(0.82,1.2) (0.83,1.15) (0.83,1.12) (0.8,1.1) 5.51E-01 1.54E-01 7.38E-01 4.88E-01 6.97E-01 N
. 1 0.96 0.91 0.89 DTERQYGMUDWYAZ-
85 ZHP N6-Acetyl-lysine (0.92,1.09) (0.88,1.07) (0.83,0.99) (0.81,0.99) 1.55E-01 6.07E-02 8.64E-01 2.24E-01 1.76E-01 ZETCQYMHSA-N
- 1 1.01 1 1.01
86 ZHP Creatinine (0.98,1.03) (0.98,1.04) (0.98,1.02) (0.98,1.03) 5.57E-01 1.53E-01 9.80E-01 8.97E-01 9.91E-01 DDRJAANPRIIHGJ-UHFFFAOYSA-N
- 1 1.1 1.02 1.03 KBOJOGQFRVVWBH-
87 ZHP N2-Acetyl-histidine (089,113) (095126) (0.94114)  (0.92,1.18) 337601 110E-01  3.7E-01  9.56E-01  880E-01 or-ovviic,
1.14 1.14 1.18 WHUUTDBJXJRKMK-
88 ZHP Glutamate 1(0.9,1.11) (0.96,1.27) (1.02,1.27) (1.04,1.27) 1.20E-02 6.96E-03 4.17E-01 1.05E-02 3.35E-02 VKHMYHEASA-N
- 0.99 1.08 1.12 1.16 SNEIUMQYRCDYCH-LURITMIESA-
89 ZHP N-Acetyl-arginine (0.86,1.17) (0.94,1.26) (0.99,1.28) (1.03,1.31) 4.95E-02 2.29E-02 7.66E-01 1.25E-01 4.60E-02 N
- ) 1 1.14 0.97 1.03 LDHMAVIPBRSVRG-UHFFFAOYSA-
90 ZHP 1-Methylnicotinamide (0.85,1.18) (0.97,1.3) (0.84,1.09) (0.83,1.21) 1.49E-02 8.42E-03 2.73E-01 6.97E-01 9.90E-01 0
. ) 1 1.01 0.93 1.01 ONPXCLZMBSJLSP-CSMHCCOUSA-
91 ZHP Proline-Hydroxyproline (0.81,1.22) (0.82,1.25) (0.77,1.11) (0.82,1.2) 3.96E-01 1.21E-01 8.80E-01 3.28E-01 7.39E-01 N
92 ZHP N-Acetylcarnosine 1 0.94 0.76 0.73 1.40E-05 1.65E-05 7.24E-01 7.27E-05 1.77E-03 BKAYIFDRRZZKNF-SECBINFHSA-N
¥ (0.78,1.25) (0.79,1.13) (0.66,0.89) (0.6,0.93) ’ ’ ’ ’ ’
. 1 1.16 1.22 1.41 VEYYWZRYIYDQJM-ZETCQYMHSA-
93 ZHP N2-Acetyl-lysine (0.74,1.34) (0.91,1.41) (0.93,1.46) (1.1,1.67) 3.13E-03 2.05E-03 6.84E-01 5.86E-02 2.03E-03 N
. 1.05 1.01 0.88 BPMFZUMJYQTVII-UHFFFAOYSA-
94 ZHP Glycocyamine 1(0.9,1.11) (0.85,1.2) (0.91,1.12) (0.76,1) 5.56E-01 1.53E-01 9.98E-01 9.99E-01 7.18E-01 N
. 1 1.2 1.14 1.19 KLZGKIDSEJWEDW-UHFFFAOYSA-
95 ZHP N-Acetylputrescine (0.84,1.21) (0.97,1.43) (1,1.31) (1.01,1.4) 2.30E-02 1.23E-02 2.77E-01 7.77E-02 1.37E-02 N
. 1 0.97 0.9 0.88 ZDXPYRJPNDTMRX-
96 ZHP Glutamine (0.89,1.12) (0.86,1.1) (0.82,1.01) (0.78,1) 2.27E-02 1.23E-02 9.90E-01 1.51E-01 4.36E-02 VKHMYHEASA-N
N 1 1.19 1.05 0.94
97 ZHP Homocitrulline (0.85,1.17) (0.98,1.3) (0.89,1.17) (0.8,1.1) 1.18E-01 4.79E-02 8.33E-01 9.70E-01 4.03E-01 XIGSAGMEBXLVJJ-YFKPBYRVSA-N
. 1.01 0.87 0.96 1.02 OPTASPLRGRRNAP-UHFFFAOYSA-
98 ZHP Cytosine (0.76,1.31) (0.66,1.03) (0.73,1.09) (0.77,1.31) 1.32E-01 5.23E-02 1.53E-01 7.64E-01 1.00E+00 N
99 ZHP beta-Alanine 1 0.98 0.99 0.96 2.33E-01 8.42E-02 5.04E-01 6.21E-01 1.90E-01 UCMIRNVEIXFBKS-UHFFFAOYSA-N
(0.94,1.06) (0.94,1.02) (0.94,1.03) (0.92,1.01) ’ ’ ’ ’ ’
. 0.95 0.82 0.78 MTCFGRXMJLQNBG-
100 ZHP Serine 1(0.9,1.13) (0.84,1.1) (0.75,0.92) (0.71,0.89) 1.10E-06 1.48E-06 8.12E-01 6.97E-05 6.57E-05 REOHCLBHSA-N
101 ZHP Triethanolamine 1 1.01 1.08 0.99 5.53E-01 1.53E-01 9.90E-01 7.29€-01 9.99E-01 GSEJCLTVZPLZKY-UHFFFAOYSA-N
(0.66,1.48) (0.66,1.29) (0.78,1.33) (0.67,1.31) ’ ’ ’ ’ ’
— 1 1 1 0.98 RHGKLRLOHDJJDR-BYPYZUCNSA-
102 ZHP Citrulline (0.89,1.09) (0.91,1.11) (0.91,1.09) (0.89,1.12) 9.94E-01 2.35E-01 1.00E+00  1.00E+00  9.96E-01 N
- 1 0.98 0.91 2.73 SNICXCGAKADSCV-UHFFFAOYSA-
103 ZHP Nicotine (0.56,1.87) (0.58,1.81) (0.6,1.46) (1.34,4.84) 4.49E-08 8.49E-08 9.52E-01 9.37E-01 1.28E-04 N
104 ZHP Cystine 1 0.94 1.07 1.14 2.36E-03 1.58E-03 8.13E-01 2.65E-01 5.87E-02 LEVWYRKDKASIDU-IMJSIDKUSA-N
¥ (0.86,1.17) (0.84,1.07) (0.96,1.23) (0.99,1.35) ’ ’ ’ ’ ’



Fold Change Post hoc pairwise comparison

i HC MMA SAns SAs KW
ldx Method Metabolites (FCtoHO)  (FCtoHCO)  (FCtoHC)  (FCtoHC)  pevalue FDR MMA_HC SAns_HC  SAs_HC INCHIKEY
- 1 0.77 0.93 1.01 ILRYLPWNYFXEMH-WHFBIAKZSA-
105  zHP  Cystathionine 077.132) (061107 (08112) (083,134 LMEOL  863E02  586E0L  100E400  869EOL
. 1 1.08 0.93 1 MSWZFWKMSRAUBD-
106 zHP  Glucosamine 087116) (093125 (086107) (092115 12602 320802  S93E01  8TIE0L  BOOEOL uinl U
. 1.03 0.99 111 ODKSFYDXXFIFQN-BYPYZUCNSA-
107 zHP  Arginine 108312) 00151 (086114) (089132 SSIEOL  1S3EOL  992E0L  9.97E01 756601
) . 1 1.07 1.07 1.08 YDGMGEXADBMOM)-
108  zHP  Dimethyl-arginine 088114) (094123 (095116) (096115 OSSOFOL  LS7E01  6BIE0L  814E01  577E01 el
o 1 1.01 0.79 0.75 HNDVDQICIGZPNO-YFKPBYRVSA-
109  zHP  Histidine 085112) (088118  (0.7.087) (064,084 39210  LISE09  100E+00  100E05 215606
110  zZHP  3-Methylhistidine 1 0.93 0.88 0.94 1.26E-04  1.14E-04  5.75E-01  2.32E-04  522E-01  JDHILDINMRGULE-LURITMIESA-N
Y (0.91,1.11)  (0.84,1.02)  (0.81,0.95)  (0.86,1.02) : : : : :
111 ZzHP  1-Methylhistidine ! 1.08 0.84 1.08 9.01E-02  3.90E-02  9.356-01  3.54E-01  9.60E-01  JDHILDINMRGULE-LURITMIESA-N
4 (0.72,1.38)  (0.75,1.51)  (0.66,1.17)  (0.83,1.46) : : : : :
. 1 1.07 0.83 0.71 QUOGESRFPZDMMT-
112 zHP  Homoarginine 079129)  (074127) (066057 (055003 L9303 L36E03  O06E0L  445E-02  288E03  \poenucy
113 ZHP  N6-Methyl-lysine 0.99 0.82 0.75 0.72 2.096-01  7.72E-02  9.29E-01  3.956-01 1.96E-01  PQNASZIZHFPQLE-LURITMIESA-N
A (0.7,1.42) (0.57,1.32)  (0.57,1.11)  (0.5,1.05) : : : : :
) ) 1 1 1.05 0.98 XXEWFEBMSGLYBY-
114  ZHP  N,N-Dimethyl-lysine 086118 (082134 (09126 (084121 SO1EO01 217601  964E0L  100E+00  9.90E01  jercoo o’y
115  zHP  Lysine 1 0.87 0.85 0.87 2.22E-01  8.11E-02  4.72E-01  2.29E-01  2.46E-01  KDXKERNSBIXSRK-YFKPBYRVSA-N
¥ (0.76,1.33)  (0.66,1.16)  (0.71,1.07)  (0.66,1.15) : : : : :
) ) 1 0.99 0.95 1.09 MXNRLFUSFKVQSK-
116 zHP  N,N,N-Trimethyl-lysine 085117) (089115 (088111 (054127 J60EOT  LI3E0L  995E01  100E+00  497E-0L oy esin
_ 1 0.83 0.59 0.73 MYYIAHXIVFADCU-
117  zZHP  Anserine 055182) (049138 (037098 (043126 ABLE02 226802 SSSE0L  282E02  392E01  Guncncno
) 1 0.89 0.7 0.73 CQOVPNPILONMDC-
118  zHP  Carnosine 081121)  (0.75.1.1) (0.6,0.85) (061085 366E0S 390E05 4801 TOIEOS 210803 oot
) o 1 1.06 1.15 1.19 RWZYAGGXGHYGMB-
119  zHP  2-Aminobenzoic acid 086115  (0.98124) (0.99127) (L0313g VO2EOL  A427B02 83601  126E01  16IEOL oo oo
o 1 0.84 1.03 1.04 XTKVNQKOTKPCKM-
120 ZHP Methyl-hippuric acid (0.67,1.48) (0.63,1.21) (0.74,1.38) (0.74,1.37) 8.74E-01 2.15E-01 8.86E-01 9.99E-01 1.00E+00 UHFFFAOYSA-N
) 1 0.61 0.99 0.7
121 zHP  3-Methyloxyindole 058165 (033,057 (059142 (042,123 ©48E02  294E02  223E01  100E+00 512601  BRZCPUCZKITAIQ-UHFFFAOYSA-N
) 1 0.96 0.98 1.22 PWKSKIMOESPYIA-BYPYZUCNSA-
122 ZHP  Acetyl-cysteine 086,118  (0.8312) (085113) (099153 L23FOL  496E02  993E01 99701 194E01
_ 1 0.86 1.09 1.21 JYGXADMDTFJGBT-
123 zHP  Cortisol 064153)  (058137) (078164) (079205 LI9E02  697E03  998EOL  780E02  17SE01 | inunonc’
1 1.02 1.07 1.05 IIRDTKBZINWQAW-UHFFFAOYSA-
124  ZHP  Hexaethylene glycol 084118) (091119 (094124) (0oL127) AS4EOL  134E01  691E01  4ISEOL  S36E01
_ 1 0.93 1.23 167
125  ZHP  N-Acetyl-tyrosine 2.076-09  5.27E-09  9.96E-01  9.83E-03  1.86E-07  CAHKINHBCWCHCF-JTQLQIEISA-N

(0.86,1.17)  (0.76,1.14)  (1.05,1.43)  (1.36,1.96)



Fold Change

Post hoc pairwise comparison

ldx Method Metabolites (ke :IocH 9 2"::'3 a9 gfo"; a9 CStAosH 9 p_t:‘l’ue FDR MMA_HC SAns_HC  SAs_HC INCHIKEY

126 P ?celcg:r(])())yl-camitine (10.83,1‘23) ?(;?659,1.03) ?6.6598,0.83) ?6.7664,0.92) 193805 2.20805 417801 157805  2.78E-02 <L)Z/S: :Lco’\ﬁgg/:(i\?w-

127 ZHP  Octanoyl-carnitine (C8:0) (10. 85,1.21) ?6?62& L04) ?6_6;39, 0.79) ?6.7695, 0g7) OGIE08  L2IE07  298E01 109607  4.42E02 EXTATJHDMJ MIY-CYBMUJFWSA-

128 zHP  Nudifloramide (10.871 . (1(')(_);’2’ . (10_88’ ™ ?6?@372, L17) 7OBE0L 18301 842601  986E0L 991601  IJLOSKXWTCIPCBC-UHFFFAOYSA-N

129 ZHP  Hexanoyl-carnitine (C6:0) (10.89, . ?(f; e ?(f& ™ (1(')(_);4’ 123 ©610E02  280E02  1O00EH00 426601  8.83E01 \,\/IVPRQWTYSNDTEA'LLVKDONJSA'

130 ZHP  N-Acetyl-threonine (10. 88,1.14) (16.1918, 125) (11'.136’ 13) (16(.3;1, 116 ABME02  225E02  3BTE01  BEGE02  9.87E01 &fﬁﬁﬁ\xfwoéi'_\tq'

131  ZHP  Omeprazole (10'75’ 128) ?(')_7579’ 109) (1(')_397’ 171) (11'i58’2_07) 2526-06  3.156-06 7.11E-01  5.01E-02  1.03E-03 ,S\IUBDBMMJDZJVOS'UHFFFAOYSA'

132 ZHP  N-Acetyl-serine 1 0.98 0.92 0.89 523E-01  148E-01  9.83E01 9.77E-01  7.02E-01  JIHLIYMXLCOY-UHFFFAOYSA-N
(0.88,1.16)  (0.87,1.16)  (0.84,1.05)  (0.8,1.04)

133 ZHP  3-Ureidopropionic acid (10.93’ 1.08) (16%87’ 126) (16?969’ 114 (16(.358, 11s LO9EO1  451E02  1SBEOL  49SE0L  LS4EOL J,\fJWCHRYRHKBBW'UHFFFAOYSA'

4 e é\giopay)ll-carnitine (C6:0- (10.85’1.19) (11.-2021’1-42) (11.-2037’1-44) (11.-3134’1-61) J10E04 573608 648607 539603 3.91E.04 ESVHAXJKBCWVDA-SNVBAGLBSA-

135 ZHp izgceettr?ﬁﬂglﬁ_s_ammo_ (10.77,1.31) ?6.7576,1.01) (16.184,1.34) (1i.3066,1.77) 3.78804  3.21E04  4.66E01  631E-01  3.28E-02 Bﬁ?&lvg\cflslm T

136 ZHP  Xanthosine 1(0.9,1.1) (1(')(_357’ 124) (1(')(_):5’ 113) (1(')(_353’ 119) S9SE0L  159E01  644E01  B9BEOL  673E01 33%RKTF%\'HDZL;§'?§OP'

137 ZHP ts);/ig::;ovaleric acid (10.5 0,1.34) ?6.9; 185) ?6.759, 1229 ?55 y139) 40SEOL  122E01  O.99E01  468E01  9.24:01 EDLVFVFTRQPQFU'UHFFFAOYSA'

138 ZHP Sg’ém"'camm"e (C5:0- (10.89’ 112) (16(.)96, 114) ?6?:3, L03) (16?;9’ 1y  2BOEOL 975602  964E0L  66SE0L  LOOEHOD  NXIAXUYOQLTISD-SECBINFHSA-N

139 ZHP  3-Hydroxypyridine (10.7 4143) ?6.7:2, 103) (1(')_187’ 142) (11'?9,2_2) 147606  191E-06  4.55E-01  3.41E-01  8.11E-04 gRFNBEZ'AWKNCO'UHFFFAOYSA'

140  ZHP  Leucine (10.85’ 118) (16?;5’ 119) ?6?719, 106) ?6?7 6106 46LEOL 134E01  99GE0L  539E01  6.69EO0L E‘OHFNLRQFUQHCH'YFKPBYRVSA'

141 zHP ﬁ:{:’i’::’b“ty”c acid (10.79, 127) ?&2& Lo4) ?(')?7, 0.72) ?(')_75 Logs) 32BE09  775E09 48001  154E08  4.93E-03  JHPNVNIEXXINTR-UHFFFAOYSA-N

142 ZHP  Isoleucine (10.7 6,1.33) (16?;5, L61) ?(')?788, 128) (101737 155y T9SE0L  198E01  BISEOL  998E01  9.73E01 QGPKZVBT”NPAG'WHFB'AKZSA'

143 zHP  Salbutamol (10.58, 165) (1;3223 28.65) (1;'76; 18.89) (151.'56:2 Lg3) 54612 226E11  40GE06 743612 5.03E:09  NDAUXUAQIAITI-UHFFFAOYSAN

144  ZHP  Methionine ! 1.07 0.95 0.94 2.986-02 153602 9.94E-01  9.81E-02  1.09E-01  FFEARICKVFRZRR-BYPYZUCNSA-N
(0.851.17)  (0.89,1.25)  (0.83,1.06)  (0.79,1.08)

145  ZHP  Pipecolic acid betaine 1(0.77,1.3) ?6?:5' 12) ?6?? 4,11) (16?798' 14y 2001 18SE01  939E01 86201  9.99E01 ;g#ggﬂ:gﬁﬁ'

146  zHP  Pyrrolidine (10. 96,1.04] (11'(’)14. 09) (16(.)917, 1.05) (10.95' Los) 299E01 101EOL 372601  944E0L  1.00E+00 E\:{VFRFE;;F;DYLS';?;QOW'



Fold Change

Post hoc pairwise comparison

ldx Method Metabolites (ke :IocH 9 2"::'3 a9 gfo"; a9 CStAosH 9 p_t:‘l’ue FDR MMA_HC SAns_HC  SAs_HC INCHIKEY

147  ZHP  3-Hydroxykynurenine (10.8 e (1(')_1:’5’ . (11'_2054’ . (11'_3022’ 16o) L9002 10SE02  254E01 129602  5.09E02 \,\/ICKPUUFA'GNJHC'UHFFFAOYSA'

148  ZHP  Alanine betaine (10.72, 137) (16.188, L44) ?6?713, 124) (16.2926, 157 3ASE01  104E01  B90E01 99301  6.59E01 BJIL(SF'\FI/}-‘\?)\'\(Asl/ﬁ?AQI-

149  ZHP  Betonicine (10.571 . ?(').739’ . ?(')?469’ ™ ?(.)flz,o. 65)  LI7E02 69103  644E01  411E01 633603 'F\{T;JPNCV(\)’::EZ_F,:‘/ YIKH-

150  ZHP  Sucrose (disaccharide) (10.731 . (1(')(_)755’ - (11'_2072’ . (11'_303’ 173 LS6E03  LI3E03  764E01 40403 118E02 Sé“gzgig’éim%c”'

151 ZHP  Alliin (10.57’ 177) (16.1675, 19) ?6?56’ 131) ?6.7366, 163 JOBE0L 102601  B7SE01  798E01  9.21E01 ;g;:ﬁigg:_ﬁp”'

152 ZHP  N1-Methyladenosine 1(0.9,1.1) (1(')_197, 122) (11'_209, 129) (11'_1;1, 133 77704 61904  SGSE01  B92E04  1S4E02  GFYLSDSUCHVORB-IOSLPCCCSA-N
153 ZHP  5-Methylcytosine (10. 02,1.07) (16?967’ 115) (11'?(?2’ 117) (11117 2) 228602 123602 4.56E-01  4.09E-02  2.25E-02 KRSASMSXMSNRBT'UHFFFAOYSA'
154  ZHP  Ethanolamine (10.92’ 1.09) ?6?53, 1.08) ?6?;6’ 0.98) ?6.885, ooa)  L62E06  206E06  100E00 147603 140E-04 :ZAXFHJVJ LSVMW-UHFFFAOYSA-
155  ZHP  Phosphorylcholine (10' 65,1.42) ?6272, 1.19) (1(')_1;6, L54) (16?:1, 15y 192601 996E02  963E0L  6SOE0L  81SEOL LHHSONZFO'EMCP'UHFFFAOYSA'
156 ZHP  Ornithine (10.93’ 107) (10.95’ 108) (11015 13) (11017 ) 359E-01 113601  9.956-01 6.76E-01  3.69E-01 G:;i':fg?s“:}/fw'

157  ZHP  S-Hydroxylysine (10. §7.1.14) (1(')(_);8, 115) ?(-)?:7, 111) (10_ gg11g) OO4EOL 220601  990EOL  9.88E01  883E0L Bi“g;%?g:ﬁlmﬁ'

158  ZHP  Cortisone metabolite (lo.s 4118) ?6?749, 115) (163;25, 123) ?6?734, 13q 354EO01  113E01  996E0L  565E01  973E01 ngx:&zx:w'

159  zHP  Dihydrocortisol (10.83’ 121) ?6?781, 114) ?61.1313,0.5) ?6?224,0.53) 136622 150821 7.17E-01  531E-14  3.06E-13

160 zHP (Ssaa:ﬁ)uutfanr:\%llrprztgan:)::ii ’ (10.88,1.13) ?6?:5,1.19) ?6.9857,1.05) ?6.9:4,1.08) 931801 224801  1.00E+00  9.958-01  9.28E-01

161 ZHp mtyfﬁzﬁfff serone (10.88,1.16) ?6?727,1.11) ?(.)?;0.64) ?(.)?57,0.64) 111827 184826 6.26B01  351E-14  1.53t12

162 ZHP  Verapamil (10.75, 132) (1(')_2;2, 16) (1(')_1;2, L41) (1(')(_);5, 132 233E01  B3BE02  334E01  54GE0L  9.99E01

163 ZHp :jgg’;ggltif:t; serone (10.82,1.22) ?(;?796,1.07) ?(.)?1:37,0.64) ?6?7,0.71) >75829  1.278:27  871E01  3.26B-14 - 1.54E-11

164 zHP Iae::t?::a(ille:\g) (10.59,1.68) ?6?59,1.53) (16(.)55,1.71) (16.174,1.85) 6.35601  167B:01  9.63E01  9.38E-01  5.79E-01

165  ZHP (Ucnldl"?;;"”"y"cami“"e 1(0.7,1.51) ?6.74119, 0.97) ?(')%3?5, 0.63) ?(')jr’:g, 075 466E1l 162610 677602 5571l 3.02E05

166 zHP (DC"l"'Z'“’:i‘;”OV"camitme (10.79’ 124) ?6?753, 123) ?6?; 117) (10.78’ 123 SOEO0L  145E01 671601  539E01  9.76E01

167 zHP (Ucnldle:;‘)enoyl'cammne (10.75,1.28) ?(').75411.16) ?(';1322'0.54) ?6?:5,0.7) 179611  6.58E-11  2.74E-01  1.11E-10  1.07E-04



Fold Change

Post hoc pairwise comparison

ldx Method Metabolites (ke :IocH 9 2"::'3 a9 gfo"; a9 CStAosH 9 p_t:‘l’ue FDR MMA_HC SAns_HC  SAs_HC INCHIKEY
168 ZHP ?‘C‘;’:‘g)”"y"camm”e 1(0.78,1.3) ?(')?756’ 1.15) ?(')_7:8’ 3 ?(')?735’ 11s) 178E02 98903  694E01 145602  5.80E-01
169 ZHP (Dcelcciric)’yl'cammne (10. 84.118) ?6?;3& 122) ?6.767 6,0.87) ?6?75, 103  114E04  10SE04  930E0L 37604  139E01
170 P ?!ﬂr.zﬁﬁdfcdﬁcingﬂ) (10.81,1‘24) ?(.)?797,1.25) ?(;.7672,0.89) ?(.)?637,0.98) 6.02805 622805 997801 571804 2.67E-01
171 zHP ?Celcg:‘;if”oy"camiti”e (10.781135) ?(;?62,1.06) ?(')136’0.98) ?(;?678,1.09) 1.096-01  4.48E-02 532E-01  7.12602  6.11E-01
172 zHP aelcgg;e“’y"cami“”e (10. 851.19) ?6?73, 119) ?6?:3’ 0.59) ?6.7528, 03 S61E04 67SE04  O95EO01  6.04E03  3.99E-02
173 zHP '("C‘?‘?(t)"’;"oy"cam't'ne (10'77, 125) ?6?725, 12) ?(')_7623, 0.88) ?6.7:5, Loz 44BE07  673E07  78IE0L 246606  182E02
174 znP rggfjoe:cg; eeamitne (10.78,1.27) 36?:9,1.26) ?6.7:1,0.88) ?6?:&0.95) 905808 162807 ~ 935801  8.48E-05  1.63E-02
175 zHP Fcrgze)”oy"camm”e (10.89’ 112) ?6?;37, 1.03) ?6?:6’ 1.06) (11'.5188’2. 43 733E09 156608 248E01 912601 395604
176 ZHP  5-Hydroxyomeprazole ! 1.02 2.1 2.02 145604  1.28E-04 9.20E-01  1.88E-03  2.90E-03
(0.58,1.71)  (0.62,1.75)  (1.43,3.34)  (1.055.37)
177 zHP (F'C?tle)”oy"cammne (10.82’1.24) (169;4’1.32) ?(3?886,1.17) 1(0.76,1.3) 6.73E-01 1.75E-01  9.64E-01  9.30E01  9.72E-01
178  ZHP  Hexenoyl-carnitine (C6:1) 101 0.79 0.77 139602  7.93E-03  1.00E+00  5.66E-02  3.38E-01
(0.81,1.27)  (0.87,1.22)  (0.67,097)  (0.64,0.98)
179  ZHP  Tiglyl-carnitine (C5:1) (10.83’ 119) ?6?:2, 121) ?6.779, 0.52) ?5777’ Loz 2SSE04  220E04  997E0L  186E03  5.03E01
180 ZHP ?!ﬂ::ﬁihfggg°é'H) ) 1(0.7,1.46) ?5579’ 112) ?&:’35’ 0.66) ?::1’ 055 460EO07  676E07  61GE0L 132606  L6OE02
181 ZHP E‘;’:‘:‘t’i’;‘gdfgfg:%‘ng) (10. 88,112) (1(')?;8, 1.16) ?('f777, 0.90) ?(')?:4, 116 7A7E03 447603 100E00 13801 9.23E01
182 ZHp ?;ﬂzzﬁio(cégn;\gm (10.82,1.23) ?6?59,1.01) ?6?49,0.71) ?(:3595,0.83) 432810 124809 242801 1.04E09  107E-:03
183 WP Iczortr:?trl:: (G(,!;:tg—r(\;l(_)H) (10.63,1.51) ?6.7;6,1.01) ?(;.2166,0.38) ?6.32(51,0.53) 39013 198E12  201B01 343842 475805
184  ZHP  Nitrophenylalanine ?6?5?5, 18) ?6.9696, L54) (11'?29 4,272) (21'_1128,3_9) 178607  2.80E-07 1.00E+00  5.32E-05  2.11E-03
185  ZHP  Butenyl-carnitine (C4:1) (10.8 1122) ?6?:6, 118) ?5723' 0.88] (11'%78' Leq OB6E12  384EAL  O97E01 165602  3.70E:03
186 zHP ?!i::ﬁh(ecp;aongﬂ) (10.91,1.09) (1(')(.)839,1.16) ?6.8714,0.88) ?6?757,0.94) 756806 9.09E06  LOOEX00 274804 1.58E-01
187  zHP :Et:gm‘;phen (10.73’ 136) (16?; 136) (11'.5113’ 186) (11'?277'2.58) 131606 173E-06 672601  121E-04  1.68E-05
188 ZHp ?Jﬂ:ﬁxnihfcx;%?gé) 2 (16?719,1.26) (16(.)81,1.27) ?6?752,1.04) ?6?57,1.25) 7-40802 329802 942801  3.89E-01  1.00E+00



Fold Change

Post hoc pairwise comparison

ldx Method Metabolites (ke :IocH 9 2"::'3 a9 gfo"; a9 CStAosH 9 p_t:‘l’ue FDR MMA_HC SAns_HC  SAs_HC INCHIKEY
189 ZHP (F;i(’)“:)'y"ca'”m"e (€7:0- 1 (0.84,1.2) ?6?52, 1.15) (1(')(_):8’ 116) (1(')(_);4’ 125 56301  154E01  996E0L 99801  6.15E01
190  ZHP  2-Benzoxazolol (10. 85,1.21) (16(.):7, 126) (16(.)973, 127) (112055 15z 1S3E02  BSBE03 92101 832601  174E02
91 P ?:Zr(:uruz):gs(%vsa:)egL) (10.84,1‘18) (16(.)856,1.22) ?(.)?733,0.96) ?6?@361,1.12) 6.98£-05  7.008:05  9.93E01  3.18E-03  8.78E-01
192 zHP  salbutamol metabolitel 1.87 2.01 177 474E-13  2.09E-12  2.91E-06  4.12E-13  2.30E-09
(0.88,1.15)  (1.38,2.88)  (1.55,2.48)  (1.352.76)
193 ZHP  Prednisone metabolite2  1(0.84,1.2) (16(.):6, 136) (11'.31 L1s7) (21'.27 4p7y OSS9E09 123608 733601  7.85£03  1.00E08
194  ZHP  N-Ornithyl-taurine (10'8 1123) ?6?65, Lo4) ?(')_558, 0.71) ?(f; ogs  79E07 112606 550E01 163606 2.50E02
195  ZHP '("C‘ﬁgfgyl_t")“wry"camiti"e (10. s6115 0800641 ?6?531’0.8) 0.8(0.62,1) 1.11E04 1.03E-04 6.42E-01 141E-04  1.94E01
196  ZHP  Thiophanate-methyl (10. 65,1.57) ?6?525, 126) (11'?383’3.05) (Zi.2069,9.86) 135608  2.79E-08  9.84E-01  3.33E-05  8.30E-04
197  zHP Z‘gﬁi)”y"camm"e (C4:0- (10'83, 116) (1(')?974’ 122) (16?;8, 1.15) (16?963, 122) 6O00EOL  1S9E01  906E01  9.98E-01  6.83E-01
198 ZHP g/'oa:_?)”y"camiti"e (C20- 4 0.81.23) ?6?787, 1249 ?6?75, 103) (16?: 4115 O46E02  40IE02  100E00  223E01  9.64E-01
199 zHP ?!i:ﬁﬁip{é’ﬁ"gngﬂ) (10. 84.1.18) (1(')_1;8, 138) (112172 146) (11'224,2_ o1 61007  BTTEQ7  344E01  419E03  253E07
200  ZHP  Hepteneoylglycine (10. 65,1.54) ?6.9516, L4 ?6.7;1, n ?6?:3, 147 14GE03  110E03  87SE01  521E03  9.00E01
201 P ?:;ftir;;t.r; rarele (10.75,1.33) (1(-)(.)896,1.44) (1i.3038,1.73) (11-505,2.06) 123803 935804 8.60E01 615803  8.05£-03
202 zHN  Hypoxanthine (10.7 6,1.33) (1(')_2;2, 177 1008128) ?(')?74, 125  403E02  199E02  579E01  756E0L  5.40E01  FDGQSTZIBFIUBT-UHFFFAOYSA-N
203 zHN  Glutamic acid (10.8 6,116) ?6?; 115) (111022 13) (11'.1;4’ 133 213603 144603  O8GEO0L  339E02  9.13E03 \\?/K:L;;JJI_?&:;'TEMK'
204  ZHN  Tartaric acid (10.5 4,189) ?(')_7:’1, 179) (1(')(_)614, 163) ?(')_73 139)  716E01  184E0L  769E01  97GEOL  B20E01  FEWIPZIEWOKRBEJCYAYHIZSAN
205  ZHN  Acetaminophen 1(0.4,2.27) (1(')_243, 413) (21?21, 447) (1(')_14 saoy 37202 188E02  785E01  292E02  496E01  RZVAJINKPMORIF-UHFFFAOYSA-N
206  ZHN  Xanthine (10.8 11.18) (16(.):5, 123) (16(.):7, 129) ?577 Loge) 76302 336E02  920E0L  662E01  687E0L b:?’:é%?&“_"’\r ALW-
207 ZHN  Kynurenic acid 1(0.92,1.1) (16(.)975, 119) ?6?;3, 0.58) ?6?;4, 1os) L8703 134E03  682E01  95BE02  6.84E01 :CZHHE'FKROPDY’UHFFFAOYSA'
208  zHN  Gluconic acid 1(0.9,1.1) (16?977, 122) (11'.209' 13) (11'.2029' 136 L96E0S 220605  593E01 76604  6.36E-05 sggsg;;%’xsw‘
209  ZHN  Serine 1(0.89,1.1) (16(.);1, 116) ?5779' 0:85) ?5777' ooq 29205  37E05  92SE01  G5BE04  119E03 RME-I;::(G:FI;(I-'I\Q&-QNNBG



Fold Change Post hoc pairwise comparison
ldx Method Metabolites (ke :IocH 9 2"::'3 a9 gfo"; a9 CStAosH 9 p_t:‘l’ue FDR MMA_HC SAns_HC  SAs_HC INCHIKEY
210  ZHN  Threonine (10.7 1138) (1(')_282’ 1.55) (16?; 1.34) ?('f:& 12) 3.98E-01  1.21E-01  9.75E-01  9.96E-01  6.06E-01  AYFVYJQAPQTCCC-GBXISLDSA-N
211 ZHN  Taurine 1(0.7,1.38) ?(3?536, 141) ?(3?612, 11) ?6?537, 144) OS6AEOL  154E01  1OOE+00  7.06E-:01  1.00E+00 Ea/:é\;/xgigmczom
212 ZHN  Methylxanthine (10.851 119) ?(').7662’ 0.96) (10_89’ 114) (11118 38) 8.10E-05  7.88E-05  1.15E-01  9.86E-01  6.89E-02 ',:IAVOYJ POZRLFTCP-UHFFFAOYSA-
213 ZHN  N-Acetylcarnosine 1(08126) 92 0.64 0.63 423E-13  2.00E-12  5.14E-01  1.12E-10  3.97E-07  BKAYIFDRRZZKNF-SECBINFHSA-N
(0.77,1.07)  (0.54,0.73)  (0.52,0.77)
5-Acetylamino-6-
214 ZHN ::;T;]CEJTE::ITS (10'7 61.33) ?(')?559, 13) (16(.);5, 1.34) (11-flc)lgl 186) 4S0E02  2.166-02  1O0E+00  7.3%E-01  7.21E-02 ;DZNZFGKEVDNPK UHFFFAOYSA
215  ZHN  Histidine 1(0.83,1.2) ?6?:1, 12) ?6.76, 0.83) ?5586’ 0g2) 333E10  LOSE09  100E+00  7.53E-06  198E-06 :NDVDQJC'GZPNO'YFKPBYRVSA'
216 ZHN  Mannitol (10'78, 131) ?(')?777, 118) ?6?:1, 113) (16?:5, 145 03E01 102601  7.88E-01  987E01  7.98E-01 LBPFZTCFMRRESA'KVTDHHQDSA’
217 ZHN  Inosine (10. 84.1.21) (16?:2, 1.28) (16?; 12) (16?:5, 128 72801 186E-0L  1O0E+00  874E01  7.84E-01 LKJSSN'\;'&\C/E';"X_ T\‘ASKQ'
218  ZHN  Xanthosine (10'5 1225) ?&2’ 1.73) ?6?:3,2.03) (1(')_5;5,3_35) 9.13E-02  3.92E-02  1.00E+00 9.48E-01  1.47E-01 33%RKTF%\'HD;§'?§OP'
219  ZHN  Methyluric acid 1(0.82,1.2) ?0757 8,0.94) (1(')_1947, 1.31) (11'_2(?9, 155) LS6E07 252607  206E:01  175E01  1.59E-03 L:':?FT(;JYFSPAA_/,\ETOP'
220 ZHN  Dimethylxanthine (10.57’ 1.76) ?&‘268’ 0.7) ?5568’ 16) ?6.759, 1g7) A43E02 214802 823602 9.93E01  100E+00 8:: 21:\2/ :ODyS;R_:GTCO'
221 ZHN  Glucose (10.75, 1.34) ?6.7(532, 0.97) ?(')?759’ 12) (16.2;6, 160) LALE04 126604  1SOE-01  9.52E01  7.27E-02 \’\/:/QZGKKKJ WFFOK-DVKNGEFBSA-
222 ZHN  Glycolic acid (10. 66,1.68) ?6?:3, 1.29) ?6.7547, 1.14) ?:; 1.05) 1.92E-01  7.22E-02  9.99E-01  3.59E-01  3.69E-01 Si’f&?&gﬁﬁ“w
223 ZHN  Galacturonic acid 1(0.9,1.11) (16(.)988, 119) (11'.15’6’ 1.28) (112153 13 99108 168E-07  446E01  136E-04  2.24E-07 xmiéf\;lali“:mm'
224 ZHN  Saccharin (10.52, 1.95) (16?;3,3.72) (16.3:5,,2. 47) (10677 1359) 402601 121E01 47801  46IE-0L  474E-01  CVHZOUKTDOEIC-UHFFFAOYSA-N
225  ZHN  Dideoxy-imino-ribitol (10. 88.1.15) (16?;4’ 1.18) (16.1919, 1.26) (11217 1.45) 6.43E-05  6.54E-05  9.27E-01  3.10E-02  1.12E-04
226 ZHN ;ﬁiﬁ:;i:gge (10. 84.1.19) ?&1& " ?6.2272, 033) ?(')'2148, 032 J0IE34  995E33  746E01  341E14  427E14
227 ZHN 2|r&(i$itnaﬂidi°' (10.59,1.68) ?6.7:5,1.18) ?6.238,0.45) ?6.3273,0.62) 141815 777815 671801 122B12  2.73E-06
228 ZHN :ﬂiﬁiﬁyﬂgs rosterene (10.81,1.27) (16(.);3,1.3) ?6%377,0.62) ?6%3‘64,0.65) 6.98E-19 513818 9.98E-01  9.08E12  6.06E-08
229 AN :Iﬁ(i[ﬁ);ﬁg: rostane (10.79,1.28) ?6?781,1.05) ?6.33?1,0.47) ?6?1354,0.59) 176E-24  2.338-23  6.98E01 51314 1.05E-08



Fold Change

Post hoc pairwise comparison

ldx Method Metabolites (ke :IocH 9 2"::'3 a9 gfo"; a9 CStAosH 9 p_t:‘l’ue FDR MMA_HC SAns_HC  SAs_HC INCHIKEY
230 ZHN erjcgl:‘rao’:?j;o' 1(0.8,1.3) ?5?:9, 113) ?(')_3279’ 05) ?(')_3214’ o4q) 370E21 350820  901E01  384E13  9.38E13
231 ZHN  Nitrophenylalanine (10. 63,1.56) (16(.)614, 1.46) (11'?3,2. 63) (21'.1282,3.9 y OGGE08  168E07  O.97E0L  5.96E05  144E-03
232 ZHN  Ethyl-glucuronide 2 108123 =1 1.1 1.25 6.66E-01  1.73E-01  9.39E-01  9.85E-01  6.65E-01
(0.92,1.55)  (0.87,1.29)  (0.94,1.57)

233 ZHN  Ethyl-glucuronide 1 1 L 114 1.4 2.02E-01  7.51E-02 9.82E-01  9.10E-01  3.49E-01

(0.72,1.35)  (0.69,1.51)  (0.86,1.44)  (0.97,1.94)
234 ZHN  Glyceric acid (lo.s 6,119) ?6?731, 1.02) ?6?37, 1.02) ?6.7653, 0ge) 431E04 36IE04 226601 637602 131604
235  ZHN  Galactose sulfate (10'93, L07) (11'_1;1, 121) (11'_1024, 12) (11212 135) 14305 16605 767602 165603  4.30E-06
236 ZHN  Indoxyl glucuronide (10.7 L143) (16?;8’ 159) (11218 1.56) (11'.552’2.2 g 7A0E05  701E05  640E01  88SE03  6.49E05
237  ZHN  Salbutamol sulfate (10.7 1141) (1‘?2525 17.67) (171.'26; 1858) (1:).;963, 177) 172616 11415 143808  401E14  170E11
238 ZHN  Cortisone (10'7 4,136) ?6?;9, 136) ?(';‘:2, 0:59) ?6.3288, os7) L82E16  109E15  9SOEOL 42811 139E08
239 ZHN ?j?;imepiandmﬁemne (10.41,2.44) ?6.5211,1.19) ?6(.3(?4,0.14) ?(3(.)084,0.18) 122835 807834 5.20801  4.06E-14  4.26E-14
240 ZHN Estrone glucuronide (10.85,1.18) ?(-).7528,1.02) ?(')_3;5,0_43) ?(')_3129,0_45) 6.08E-20 5.03E-19 4.13E-01 4.92E-14 1.21E-10
241 ZHN  Uric acid (10.93’ 1.06) (16?915, 108) ?6?:4, L03) ?6.9857, 1oz 4GOE02  220E02 98701  731E01 10501
242 ZHN  Pseudouridine ! 1.04 ! 0.97 374E-02  187E-02  3.46E-01  9.93E-01  6.17E-01

(0.94,1.06)  (0.97,1.12)  (0.951.05)  (0.91,1.02)
243 RZHP  1,3,7-Trimethyluric acid ?6?&?5,1.53) ?(')_7:1’1_13) (16?;2,1.55) (11'?6’2_24) 332603  2.15E-03 438601  9.78E-01  1.20E-01 EIYXCFUMGEBZDD"UHFFFAOYSA'
244 RZHN  3-Hydroxybutyric acid (10.86’1.17) ?6?;6’1.16) ?6.9:6,1.13) ?6?;1.11) 851E-01  2.12E-01  1.00E400 9.17E-01  9.60E-01 \S/HHFE’;':'A%%?LZVSSR'
245  RZHP  3-Hydroxyproline (10.81’1.29) ?(')%‘62711_1) ?(;.9738,1.18) ?(;.9796,1.38) 5.83E-01  157E-01  8.656-01  9.80E-01  9.49E-01  BJBUEDPLEOHIGE-IUYQGCFVSA-N
246 RZHP  5-Aminolevulinic acid (10.85’1.16) (16?;1.27) ?(')?77’1_03) ?6?;1,1_15) 463602 220E-02  9.356-01  5.39E-02  2.89E-01  ZGXJTSGNIOSYLO-UHFFFAOYSA-N
247 R-ZHP  Alanine (10.87,1.15) (16(.)2315,1.2) ?6?;5'1.09) ?6?:3,1.14) 876E-01  2.15E-01  9.91E-01  8.86E-01  8.94E-01 g:‘sggmﬁ;%zmj’
st Rz Alaroi Do MR 0w o sieo szeor sseor  POMUDADGALUAS
249  RZHP  alpha-Glutamyltyrosine (10.86,1.18) ?6.9;6,1.23) (16?;1,1.21) ?6?653,1.05) 2.34E-01 837602 9.90E-01  9.99E-01  4.33E-01 LSWHPLCD'MUKFE‘UHFFFAOYSA'
250 RZHP  Aminocaproic acid 1(0.7,1.49) (1;945'1.94) (1(').1872'1.5) (16.2;8,1.78) 2.46E-01  8.66E-02  2.82E-01  9.89E-01  8.74E-01 ,S\ILXKO“OQWFEFD'UHFFFAOYSA’



Fold Change

Post hoc pairwise comparison

ldx Method Metabolites (ke :IocH 9 2"::'3 a9 gfo"; a9 CStAosH 9 p_t:‘l’ue FDR MMA_HC SAns_HC  SAs_HC INCHIKEY

251  R-ZHP  Aminovaleric acid (10. . ?('f:g’ . ?6?:3, . ?(')_6:3’ 115y 39101 120801  783E01  554E01  3.22601 ﬂHMFDFi%X\ég_O,JGCB'

252 R-ZHP  Asparagine (10. 85,1.17) (16?;9, 123) ?6?:4, 105) ?(3?796, roy L9SE03 136603 9.44E01 30901  170E02 zCXYFEDJOCDNAF‘REOHCLBHSA’

253 R-ZHP  Aspartic acid (10.881 . (1(')(_);8’ . (1(')(_)974’ . (1(')(_);4’ 123 73SE01  186E01  978E01 697601 9.13E01 EKUMWTZ'ZZHCS'REOHCLBHSA'

254 R-ZHP  Biopterin (10.8 . (1(')(_);5’ ” ?(f; 11) ?(')?:6’ 113 O73E01  232E01  1OOE00  9.87E01  9.98E-01 k‘HQ”BMDNUYRAM'DZSW'P'PSA'

255  R-ZHN  Galacturonic acid ! 1.07 114 1.22 2.50E-07  3.856-07 4.62E01  177E-04  5.81E-07  IAJILQKETJEXL-RSIOWCBRSA-N
(0.89,1.13)  (0.97,1.2)  (1.051.25)  (1.12,1.36)

256 R-ZHP gi:gma'Ami"Ob“ty”C (10'78, 126) ?6?59, 1.14) (16?:6, 138) ?6.9;36, 127) A37EOL 130801  949E01  823E01  100E+00 zTCSSZJGUNDROE'UHFFFAOYSA'

257 R-ZHP  Guanosine (10.75’ 138) (16.1:7, 16) (16?:6, 133) (16?789’ 14g) ABE0L 127601 3S0E01 682601  7.34E01 B&icémgy:'ﬁ IF-

258  R-ZHN :'gijroxyphe”y'ace“c (10. 44.2.48) (16?9’3.3) (16§715,2.7 " ?53247’ Loz 430E02 20902  701E0L  444E01  B.0SEOL );IQXPWB'MDBYFF'UHFFFAOYSA'

259 RZHN  Maltose (16?716, 132) ?(')?655, 145) (11'_3058, L84) (11?2 6267 HA6E04  369E04  948E0L  1O7E02  231E03 EUBGYTABKSRVRQ'DKBJ LRDSA-

260 R-ZHN  Mesaconic acid ?6?799, 128) (16(.):3, 1.26) ?6?755, 112) ?6?:9, 10s) VOOl  G54E02  976E01  729E01  3.65E01 :Qgﬁﬂfﬁfuﬁmm

261 R-ZHP  Metanephrine 0.99 1.19 0.91 101 153601  6.02E-02 8.11E-01  7.296-01  9.92E-01  JWICTZKFYGDABI-UHFFFAOYSA-N
(0.87,1.17)  (0.99,1.42)  (0.77,1.09)  (0.84,1.24)

262 RZHN  N-Methyl-D-aspartic acid (10. 62.1.08) ?6?;5, L04) (16?914, 109) (16?933, 113 2M4E01  786E02  733E01 967601 735601 :OKKHZGPKSLGJ E-GSVOUGTGSA-

263 RZHP  N-Methylhistamine ! 1.13 0.91 0.99 7.83E-03  4.75E-03  4.98E-01  3.58E-01  1.00E+00  PHSPJQZRQAJPPF-UHFFFAOYSA-N
(0.84,1.17)  (0.99,1.3)  (0.82,1.06)  (0.88,1.16)

264 R-ZHP  Nitrotyrosine (10.93, 1.06) (16?976, 114) (16?;7, 109) (16?;5, Log) 28401 97BE02  240E01 462601  5.28E01 LBTSQ'LOGYXGMD'LURJTM'ESA'

265 RZHN  O-Acetylserine (10. §71.13) (16?;8’ 115) ?6?;7’ L07) ?6.98 1103 4OIEOL  122E01  999E01  753E01 432601  VZXPDPZARILFOX-BYPYZUCNSA-N

266 R-ZHP  Octopamine (10.79, 121) (1(')_1913, 133) (1(')_193, 13) (1(')(_)868, 13  3S6E01  LI3E01  6O0GE01 44901  9.92E01 3&%’&?&?&}3"6'

267 R-ZHP  Paraxanthine 1(0.7,1.43) (101532 L64) (16.2:9, 182) (16?(?2, 166 3ME0L  LI0EOL  9.00E01 787601  9.98E01 LAPQBXQYURXSA'UHFFFAOYSA'

268 RZHN  Phenyllactic acid (10. £7.1.14] ?6?:8, 113) ?6?97, 111) ?6?;2' Log 4B9EO1 L4IEOL  980E01  9.87E01  B.OIE0L Yjﬁﬁﬁrﬁg\(@f_zw”o'

269 R-ZHP  Phosphoethanolamine (10. 66,1.56) ?('f: 107) ?6.75?1, 109) ?(')'7425, 1os) 1A2E01  457E02  186EO01 117601  2.07E01 iluHOOTKUP'SOBE'UHFFFAOYSA’

270 R-ZHP  Pipecolic acid (10.83, 118) (16?:1, 123) (16.192, 129) (15?;9, 127) AS6E0L 13301 992E01 S7IEOL 561601  HXEACLLILLPRG-UHFFFAOYSAN

271 RZHP  Pyridoxal (10.9 4,107) (16(.):7, 114) (16(.);7, 1.09) (1(')(.)926, 112 442601 131E01  370E01  750E01  7.31£01 ;ADKZDMFGJYCBB’UHFFFAOYSA'



Fold Change

Post hoc pairwise comparison

ldx Method Metabolites (ke :IocH 9 2"::'3 a9 gfo"; a9 CStAosH 9 p_t:‘l’ue FDR MMA_HC SAns_HC  SAs_HC INCHIKEY

272 RZHP  Pyroglutamic acid (10.9 4,1.06) (1(')(_);7’ a1 ?6?5?3, L05) (1(')(_);5’ 11y 369E01 L1SEO1  339E01 9.07E01  7.50E-01 85:&%';’:2’::”0

273 RZHP  Pyroglutamylglycine (10. §7.1.10 ?(3?:9, ) (1(3(.)998, 125) (11'?113, 15 52304 427604  984E01  361E01  3.13E03 L"GEFGYONNZYSPY‘UHFFFAOYSA'
274  RZHP  S-Adenosylhomocysteine (10.8 4118) (1(')_1916’ 13) (1(')(_);34’ 122) (1(')_1;8’ 135 LO7EOL  445E02  4SOEOL  B6IEOL  124E01 w;grmggg:sﬁ'

275 RZHP  Saccharopine ?6.9799, 127) (1(')_1:2’ L64) (1:117 6.19) (11'_309’ Leqy LA7E03  LOBE03  6.19E01  L60E03  2.61E-02 ,Z\IDGJAHTZVHVLOT'YUMQZZPRSA'
276  R-ZHP  Sarcosine 1(0.9,1.1) (16(.)985, 123) (11'.317’ 143) (11422 L9y  320E09 78409  375E01  396E07  386E07  FSYKKLYZKISNPZUHFFFAOYSAN
277 RZHP  Serotonin (10'73, 134) ?6?35, 114) (10_78, 125) (1(')?851, 133 L30E01 518E02  3.00E01  1OOE00  9.67E-01 ﬁZAYGJWNCVMB'UHFFFAOYSA'
278  RZHP  Tryptamine (10. 67.1.43) ?6.962, 134) ?6.7585’ " ?5355’ 103 773E03  47BE03  BS2E01  BAIE03  194E01 QPJYDQYYACXCRM'UHFFFAOYSA'
279  RZHP  Uracil (10.85’ 118) (16.1917, 134) ?6.7679, 09) ?5555’ 0gy L30EO7 215607  S3GE0L  14SE02  B.31E-04 :\‘j‘AKRJ DGNUQOIC-UHFFFAOYSA-
280 RZHN  Xylose (10'78, 127) ?(')?744, 114) (16?:7, 1.26) (11'_3054, 1g3) 124E02 713603 82701  6SBE0L  LO1EO1 ,S\IRBFZH DQGSBBOR-IOVATXLUSA-




TABLE E3. 105 metabolites associated with OCS treatment.

Idx Method Metabolites p-value FDR INCHIKEY

1 ZHP Sulfamethoxazole 5.31E-02  4.30E-02 JLKIGFTWXXRPMT-UHFFFAOYSA-N

2 ZHP Salicyluric acid 2.78E-05 1.36E-04 ONIJSZLXSECQROL-UHFFFAOYSA-N

3 ZHP Acetaminophen 3.84E-02 3.33E-02 RZVAJINKPMORJF-UHFFFAOYSA-N

4 ZHP 2-Furoylglycine 8.71E-04  2.27E-03 KSPQDMRTZZYQLM-UHFFFAOYSA-N
5 ZHP 3-Indoleacrylic acid 2.89E-03  5.12E-03 PLVPPLCLBIEYEA-AATRIKPKSA-N

6 ZHP 4-Acetamidobutanoic acid 5.57E-03  8.14E-03 UZTFMUBKZQVKLK-UHFFFAOYSA-N
7 ZHP Ferulic acid 7.42E-05 2.94E-04 KSEBMYQBYZTDHS-HWKANZROSA-N
8 ZHP Pantothenic acid 4.86E-05 2.03E-04 GHOKWGTUZJEAQD-ZETCQYMHSA-N
9 ZHP Valeryl-carnitine (C5:0) 2.43E-02 2.50E-02 VSNFQQXVMPSASB-SNVBAGLBSA-N
10 ZHP Nicotinamide 1.08E-02  1.32E-02 DFPAKSUCGFBDDF-UHFFFAOYSA-N
11 ZHP 1,3-Dimethyluric acid 4.07E-02  3.43E-02 OTSBKHHWSQYEHK-UHFFFAOYSA-N
12 ZHP Kynurenic acid 2.70E-03  5.00E-03 HCZHHEIFKROPDY-UHFFFAOYSA-N
13 ZHP Nicotinuric acid 2.85E-03  5.16E-03 ZBSGKPYXQINNGF-UHFFFAOYSA-N
14 ZHP 4-Pyridoxic acid 1.87E-02 1.97E-02 HXACOUQIXZGNBF-UHFFFAOYSA-N
15 ZHP Xanthine 7.42E-03 9.66E-03 LRFVTYWOQMYALW-UHFFFAOYSA-N
16 ZHP 2,3-Dihydroxypyridine 2.99E-03 5.09E-03 GGOZGYRTNQBSSA-UHFFFAOYSA-N
17 ZHP 1-Methyluric acid 6.11E-03  8.35E-03 QFDRTQONISXGJA-UHFFFAOYSA-N
18 ZHP 5-S-Methylthioadenosine 3.56E-02 3.22E-02 WUUGFSXJNOTRMR-IOSLPCCCSA-N
19 7HP Acetaminophen 1.77E-03 3.88E-03 IPROLSVTVHAQLE-BYNIDDHOSA-N

glucuronide

20 ZHP Cyclohexylamine 4.13E-03 6.62E-03 PAFZNILMFXTMIY-UHFFFAOYSA-N
21 ZHP Homarine 3.04E-02 2.81E-02 BRTLKRNVNFIOPJ-UHFFFAOYSA-N

22 ZHP Amoxicillin 1.28E-03  2.96E-03 LSQZILSUYDQPKJ-NJBDSQKTSA-N

23 ZHP Tryptophan 2.45E-04 8.17E-04 QIVBCDUIAJPQS-VIFPVBQESA-N

24 ZHP N-Acetylneuraminic acid 1.86E-02  2.01E-02 SQVRNKJHWKZAKO-PFQGKNLYSA-N
75 7HP N6-Acetyl-lysine 2.56E-02 2.54E-02 ETERQYGMUDWYAZ-ZETCQYM HSA-
26 ZHP N2-Acetyl-histidine 2.02E-04 7.01E-04 KBOJOGQFRVVWBH-ZETCQYMHSA-N
27 ZHP 1-Methylnicotinamide 8.64E-09 5.14E-08 LDHMAVIPBRSVRG-UHFFFAOYSA-O
28 ZHP Proline-Hydroxyproline 3.35E-02 3.07E-02 ONPXCLZMBSJLSP-CSMHCCOUSA-N
29 ZHP Glycocyamine 6.01E-03  8.35E-03 BPMFZUMJYQTVII-UHFFFAOYSA-N
30 ZHP N-Acetylputrescine 1.16E-02  1.38E-02 KLZGKIDSEJWEDW-UHFFFAOYSA-N
31 ZHP Cystathionine 4.43E-03 6.84E-03 ILRYLPWNYFXEMH-WHFBIAKZSA-N
32 7HP Glucosamine 2.47E-03  4.68E-03 MSWZFWKMSRAUBD-

IVMDWMLBSA-N

33 ZHP Arginine 5.25E-02  4.29E-02 ODKSFYDXXFIFQN-BYPYZUCNSA-N
34 ZHP Histidine 1.67E-02  1.83E-02 HNDVDQJCIGZPNO-YFKPBYRVSA-N
35 ZHP Homoarginine 3.79E-08 2.11E-07 QUOGESRFPZDMMT-YFKPBYRVSA-N
36 7HP N,N,N-Trimethyl-lysine 3.19E-04  9.49E-04 XXN RLFUSFKVQSK-QMMMGPOBSA-
37 ZHP 2-Aminobenzoic acid 2.89E-02  2.74E-02 RWZYAGGXGHYGMB-UHFFFAOYSA-N
38 ZHP Acetyl-cysteine 1.86E-02 1.99E-02 PWKSKIMOESPYIA-BYPYZUCNSA-N
39 ZHP Cortisol 1.90E-34 1.58E-32 JYGXADMDTFIGBT-VWUMJDOOSA-N
40 ZHP Hexaethylene glycol 3.04E-05 1.41E-04 [1IRDTKBZINWQAW-UHFFFAOYSA-N
41 ZHP N-Acetyl-tyrosine 1.61E-03 3.63E-03 CAHKINHBCWCHCF-JTQLQIEISA-N

42 ZHP N-Acetyl-threonine 4.05E-02  3.44E-02 PEDXUVCGOLSNLQ-WUJLRWPWSA-N



ldx Method Metabolites p-value FDR INCHIKEY
43 ZHP Omeprazole 3.15E-04 9.72E-04 SUBDBMMJDZJVOS-UHFFFAOYSA-N
44 ZHP Isoleucine 2.43E-02 2.47E-02 AGPKZVBTJJINPAG-WHFBIAKZSA-N
45 ZHP Salbutamol 1.58E-02 1.80E-02 NDAUXUAQIAJITI-UHFFFAOYSA-N
46 ZHP Pyrrolidine 7.19E-04 2.07E-03 RWRDLPDLKQPQOW-UHFFFAQYSA-N
47 ZHP Betonicine 3.98E-02 3.42E-02 MUNWAHDYFVYIKH-RITPCOANSA-N
48 714p Sucrose (disaccharide) 1.10E-04 4.17E-04 CZMRCDWAGMRECN-UGDNZRGBSA-
N

49 ZHP Ethanolamine 3.70E-02 3.25E-02 HZAXFHIVILSVMW-UHFFFAOYSA-N
50 ZHP Ornithine 4.62E-02 3.81E-02 AHLPHDHHMVZTML-UHFFFAQYSA-N
51 ZHP Cortisone metabolite 4,38E-34 1.83E-32 MFYSYFVPBJMHGN-ZPOLXVRWSA-N
52 ZHP Dihydrocortisol 3.57E-18  7.44E-17
53 7HP D|hydrot.estosterone 2.00E-11  1.52E-10

metabolite 1
54 714p Dlhydrot.estosterone 2.71E-10  1.88E-09

metabolite 2

Decadienoyl-carnitine 1.87E-02  1.95E-02
55 ZHP

(C10:2)

Decatrienoyl-carnitine 4.30E-02  3.58E-02
56 ZHP

(C10:3)
57 ZHP 5-Hydroxyomeprazole 5.45E-02 4.33E-02

Hydroxyhexanoyl-carnitine 1.65E-02  1.83E-02
58 ZHP

(C6:0-0H) 1

Isobar of Glutaryl-carnitine 6.60E-03  8.73E-03
>9 ZHP (C5:0-0O0H)
60 ZHP Nitrophenylalanine 8.39E-03  1.06E-02
61 ZHP Acetaminophen metabolite  1.62E-02  1.82E-02
62 ZHP Salbutamol metabolitel 5.80E-03  8.33E-03
63 ZHP Prednisone metabolite 2 6.21E-17  7.39E-16
64 ZHP Thiophanate-methyl 4.97E-03  7.40E-03

Malonyl-carnitine (C2:0- 3.58E-02  3.21E-02
65 ZHP OOH)

Hydroxypropionyl-carnitine  9.77E-04  2.39E-03

ZHP

66 (C3:0-OH)
67 7HP Sulfamefhoxazole 1.24E-02  1.46E-02

metabolite
68 ZHN Hypoxanthine 1.12E-02 1.35E-02 FDGQSTZJBFJUBT-UHFFFAOYSA-N
69 ZHN Xanthine 1.89E-04 6.85E-04 LRFVTYWOQMYALW-UHFFFAOYSA-N
70 ZHN Kynurenic acid 8.89E-04 2.24E-03 HCZHHEIFKROPDY-UHFFFAQOYSA-N
71 ZHN Threonine 2.43E-02 2.44E-02 AYFVYJQAPQTCCC-GBXIJSLDSA-N
72 ZHN Methylxanthine 5.37E-02  4.30E-02 MVOYJPOZRLFTCP-UHFFFAOYSA-N
73 ZHN N-Acetylcarnosine 2.04E-03 4.15E-03 BKAYIFDRRZZKNF-SECBINFHSA-N
74 ZHN Histidine 1.55E-02 1.79E-02 HNDVDQJCIGZPNO-YFKPBYRVSA-N
75 ZHN Mannitol 2.42E-03  4.69E-03 FBPFZTCFMRRESA-KVTDHHQDSA-N
76 ZHN Glucose 2.90E-03  5.03E-03 WAQZGKKKJIJFFOK-DVKNGEFBSA-N
77 ZHN Dideoxy-imino-ribitol 9.12E-03 1.13E-02
78 ZHN Testosterone glucuronide 3.38E-16  3.52E-15
79 ZHN Androsta.nedlol 1.85E-03  3.95E-03

glucuronide
80 ZHN Hydroxyandrosterone 5.38E-17  7.47E-16

glucuronide



ldx Method Metabolites p-value FDR INCHIKEY
81 ZHN Hyd roxya?ndrostane 3.96E-09 2.54E-08

glucuronide
82 ZHN Pregnanediol glucuronide 3.70E-14  3.08E-13
83 ZHN Nitrophenylalanine 8.35E-03  1.07E-02
84 ZHN Ethyl-glucuronide 2 2.37E-05 1.23E-04
85 ZHN Ethyl-glucuronide 1 2.86E-04 9.17E-04
86 ZHN Salbutamol sulfate 2.88E-02  2.76E-02
87 ZHN Cortisone 1.34E-15 1.24E-14
88 ZHN Dehydroepiandrosterone 3.95E-18 6.58E-17

sulfate
89 ZHN Estrone glucuronide 2.47E-20 6.86E-19
90 ZHN Uric acid 7.70E-04  2.14E-03
91 ZHN Pseudouridine 1.03E-03  2.45E-03
92 R-ZHP 5-Aminolevulinic acid 3.57E-03  5.95E-03 ZGXJTSGNIOSYLO-UHFFFAOYSA-N
93 R-ZHP Alanine 2.64E-02 2.59E-02 QNAYBMKLOCPYGJ-REOHCLBHSA-N
94 R-ZHP  Allantoin 6.33E-03  8.51E-03 POJWUDADGALRAB-UHFFFAOYSA-N
95 R-ZHP Aminovaleric acid 5.97E-03  8.43E-03 JIMDCOVWQOIJGCB-UHFFFAOYSA-N
96 R-ZHP Aspartic acid 1.85E-03 3.85E-03 CKLIMWTZIZZHCS-REOHCLBHSA-N
97 R-ZHP Biopterin 2.84E-02  2.75E-02 LHQIJBMDNUYRAM-DZSWIPIPSA-N
98 R-ZHN Maltose 4.15E-03  6.53E-03 GUBGYTABKSRVRQ-DKBJLJRDSA-N
99 R-ZHN N-Methyl-D-aspartic acid 4.20E-05 1.84E-04 HOKKHZGPKSLGJE-GSVOUGTGSA-N
100 R-ZHN O-Acetylserine 3.63E-02 3.22E-02 VZXPDPZARILFQX-BYPYZUCNSA-N
101 R-ZHP Pyroglutamylglycine 2.12E-03  4.21E-03 MGEFGYONNZYSPY-UHFFFAOYSA-N
102 R-ZHP  S-Adenosylhomocysteine 3.02E-02  2.83E-02 ZJUKTBDSGOFHSH-WFMPWKQPSA-N
103 R-ZHP Sarcosine 3.75E-03 6.13E-03 FSYKKLYZXJSNPZ-UHFFFAOYSA-N
104 R-ZHP Uracil 8.47E-04  2.28E-03 ISAKRJIDGNUQOIC-UHFFFAOYSA-N
105 R-ZHN Xylose 4.76E-03 7.21E-03 SRBFZHDQGSBBOR-IOVATXLUSA-N




TABLE E4. Unbalanced metabolites in training/validation split.

Idx Method Metabolites p value INCHIKEY

1 ZHP Adenosine 0.04 OIRDTQYFTABQOQ-KQYNXXCUSA-N

2 ZHP N,N-Dimethyl-lysine 0.03 XXEWFEBMSGLYBY-ZETCQYMHSA-N
3 ZHP Nonanoyl-carnitine (C9:0) 0.03

4  ZHP Hexenoyl-carnitine (C6:1) 0.03

5 ZHN Threonine 0.004 AYFVYJQAPQTCCC-GBXIJSLDSA-N

6 ZHN Glucose 0.05 WQZGKKKJIJFFOK-DVKNGEFBSA-N

7 ZHN Galacturonic acid 0.02 AEMOLEFTQBMNLQ-WAXACMCWSA-N
8 R-ZHN Galacturonic acid 0.01 IAJILQKETJEXLJ-RSJIOWCBRSA-N

9 R-ZHP Pyroglutamylglycine 0.04 MGEFGYONNZYSPY-UHFFFAOYSA-N
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