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Supplementary Materials and Methods 
 
Plasma proteomics 
Individual plasma samples (10μl) were depleted the top 12 abundant plasma proteins using spin columns (Thermo 
scientific, Illinois, USA) following manufacturer’s instructions. The volume of the flow through was reduced to ~50μl 
using the Speedvac concentrator (Thermo Scientific, Illinois, USA) and protein concentration determined using 
Bradford assay (Bio-Rad, California, USA). Proteins samples (20μg) were adjusted with 100mM 
Triethylammoniumbicarbonate (TEAB, Sigma-Aldrich) to 100μl. The protein solution was then reduced with 40mM 
Dithiothreitol (Sigma-Aldrich, Missouri, USA) at 65°C for 1 hour and subsequently alkylated in the dark at room 
temperature for 1 hour with 80mM iodoacetamide (Sigma-Aldrich, Missouri, USA). Proteins were precipitated for 1 
hour at -20 °C with four volumes of pre-chilled (-20 °C) acetone (Sigma-Aldrich, Missouri, USA). The samples were 
then centrifuged for 10 min at 15,000 x g at room temperature and the supernatant discarded. The acetone-precipitated 
protein pellet was air-dried for 5 minutes at room temperature and resuspended in 100µl of 100mM TEAB. Trypsin 
(Thermo Scientific, Illinois, USA) was added to the protein samples at a trypsin-protein sample ratio of 1:20 and 
protein digestion was allowed to proceed overnight (16 hours) at 37°C with shaking. A pooled sample was prepared 
by combining 1 µl aliquot from each sample. Peptide samples were individually labelled using the Tandem Mass Tag 
(TMT) 10-plex kit (Thermo scientific, Illinois, USA) according to manufacturer’s instructions. Two isobaric tags were 
exclusively used to individually label two pooled control samples. The labelled peptides for the 8 individual tags in 
the 10-plex were subsequently combined to generate individual pools upon which the common pool was equally 
distributed. The volume of each pool was reduced to ~150μl using the Speedvac concentrator. The labelled peptide 
pools were desalted using P10 C18 pipette ZipTips (Millipore, Darmstardt, Germany) according to manufacturer’s 
instructions. Eluted peptides were dried in a Speedvac concentrator and re-suspended in 15μl loading solvent (97.05% 
H2O, 2% acetonitrile, 0.05% formic acid). Peptides were quantified using Qubit Protein Assay Kit (Thermo Scientific, 
Illinois, USA) as per the manufacturer’s instructions prior injection and 4µg were used for LC-MS/MS analysis. 
Peptides (4μg) were loaded onto a Dionex Ultimate 3000 nano-flow ultra-high-pressure liquid chromatography system 
(Thermo Scientific, Illinois, USA) with a 75µm x 2cm C18 trap column (Thermo Scientific, Illinois, USA). 
Chromatographic separation of peptides was carried out on a on a 75 µm × 50 cm C18 reverse-phase analytical column 
(Thermo Scientific, Illinois, USA) at 40 °C. Elution was carried out with mobile phase B (80% acetonitrile with 0.1% 
formic acid) gradient (2 to 35% B) over 360 min at a flow rate of 0.3 μl/min. Each LC run was finished by washout 
with 98% B for 5 min and re-equilibration in 4% B for 12 min to avoid sample carryover. Peptides were measured 
using a Q Exactive Orbitrap mass spectrometer (Thermo Scientific, Illinois, USA) coupled to the chromatography 
system via a nano-electrospray ion source. The MS^1 settings were: Resolution, 70000; Automatic gain control (AGC) 
target, 3e6; maximum injection time, 120ms; scan range, 380-2000m/z; while the MS^2 settings were: Resolution, 
35000; AGC target, 5e4; maximum injection time, 120ms; isolation window, 2.0 m/z. The top 15 most intense ions 
were selected for MS^2 and fragmented with higher-energy collision fragmentation using normalized collision energy 
of 28V and these ions were subsequently excluded for the next 30s. 
 
Mass spectrometry protein identification and quantitation 
Mass spectrometer raw files were analysed by MaxQuant software version 1.6.5.0 (51) by searching against the human 
Uniprot FASTA database (Downloaded December 2018) using the Andromeda search engine (61). Cysteine 
carbamidomethylation and TMT-10plex labelled N-terminus and lysine were set as a fixed modification and N-
terminal acetylation and methionine oxidations as variable modifications. The false discovery rate (62) was set to 0.01 
for both proteins and peptides with a minimum length of seven amino acids and was determined by searching a reverse 
database. Enzyme specificity was set as C-terminal to arginine and lysine with trypsin as the protease. A maximum of 
two missed cleavages were allowed in the database search. Peptide identification was performed with an allowed 
initial precursor mass deviation of up to 7 parts per million (ppm) and an allowed fragment mass deviation of up to 
20 ppm. A minimum peptide length of 7 amino acids and a maximum peptide mass of 4600 Da was allowed for the 
searches. Other parameters were used as default settings for Orbitrap-type data. A minimum of 2 unique peptides for 
a protein was considered a positive identification. The 10-plex corrected reporter ion intensity matrix was extracted 
from the MaxQuant proteingroups output file and batch corrected using the pooled sample channels. Protein groups 
are clusters of proteins or protein isoforms with high sequence similarity cannot be unambiguously identified by 
unique peptides (but have only shared peptides) are grouped in one protein group and quantified together. Potential 
contaminants, protein hits from decoy database, and proteins initially depleted but subsequently detected were 
excluded before exporting the protein group matrix file into the analytical and manipulation environment.  
 



 

Cross-correlation and differential network analysis 
Pairwise Pearson’s correlation coefficients were calculated separately within the NS and the S on the log-transformed 
data. For the integrative analysis differential analytes (32 metabolites, 22 proteins and 19 cytokines), a matrix of 3422 
possible pairwise correlation coefficients was computed for each group. Similarly, for the analysis of correlation 
patterns focusing on metabolic pathways, matrices of 2862 possible pairwise correlations (54 metabolites) were 
computed. Specifically, group-specific correlation coefficients between analyte A and B for group M was defined by 
the following equation. 

 
in which  ,  are the mean concentrations of analyte A and B, respectively, in group M;  is the sample index and 

 is the number of samples in group M. Correlation p-values were computed using the “Hmisc” R package 
(http://CRAN.R-project.org/package=Hmisc). Group-specific correlation was deemed significant at FDR corrected 
p<0.05. Analyte pairs that were not significantly correlated in both of the study groups were removed from 
subsequently differential analysis. The correlation coefficients of the remaining pairs were normalized by Fisher’s z 
transformation using the “corTest” R package (63-65), where the transformation was conducted as below. 

 
Statistical significance of the difference in the Z-transformed correlations between conditions M and N (i.e. NS and 
S) was tested by the following equation.  

 
The Z value approximate to Gaussian distribution under the null hypothesis of equal correlations.  
Significant difference in correlations was tested at p<0.05. The resulting differential pairs were used to construct the 
differential network, which can be viewed as a net network after subtracting the case-specific network by the control-
specific network.  
 
The software Cytoscape v3.7.2 (60) was used to visualize the final differential network. To describe the nature of the 
correlation differences between groups, we defined the following relationships when plotting the edges of the 
differential network. 

 
 

 
For example, if analytes A and B are significantly correlated in the same direction ( ) in both the NS and 
S ( ), and the correlation value in the NS is greater than in the S ( ), then the correlation strength 
between A and B is considered to be increased in the NS when compared to the S. This attribute was illustrated in the 
network by edge line types, in which solid lines denote increased correlation strengths in the NS, dashed lines denote 
decreased correlation strengths in the NS, and wavy lines denote reversed correlation directions if any. To identify 
key analytes with important roles in the overall interrelated structure of the differential network, graph theory-based 
network properties were computed by the “NetworkAnalyzer” tool integrated in Cytoscape (66). In particular, the 
node degree describes the number of edges the node has. Analytes with high node degrees are highly connected, 
representing “hubs” of the network.  
 
Unsupervised integrative analysis of metabolomic, proteomic, cytokine and clinical profiles 
To investigate whether subjects form clusters that correspond to their survival outcomes based on the combined profile 
of the metabolomic, proteomic, cytokine and clinical data in an unsupervised framework, the similarity network fusion 
(SNF) was used (67). SNF has been shown to be advantageous in the integration of large-scaled datasets whether they 
are numerical or categorical (68). Given its ability to handle large-scaled datasets, the entire set of the detected analytes 



 

were included to the analysis (i.e. no feature selection was conducted). SNF analysis also allowed us to explore 
contribution of different data types, including categorical clinical data, in the formation of the patient similarity 
network. In order to calculate patient similarity scores, SNF requires subjects to have complete data in all data types 
being integrated. As a result, 82 case-control pairs had complete clinical and omics data and were included to the 
analysis. Seven separate patient similarity matrices were first generated for each of the data types (amino acids and 
amides, acylcarnitines and lipids, organic acids, derived metabolite ratios, proteins, cytokines, and clinical 
characteristics), which were then aggregated into one fused patient similarity network using parameters K=20, 
alpha=0.5 and t=20. Spectral clustering was then performed on the fused matrix according to the SNFtool R package 
(67). The number of clusters were determined based on eigen-gaps and rotation cost. The final similarity network was 
visualized with the edge-weighted spring embedded layout in Cytoscape (60). Features characterizing the resulting 
SNF clusters were identified using logistic regressions and the normalized mutual information (NMI) score, which 
ranks features based on their contributions to the fused network. Clustering concordance that indicates contribution of 
individual data type to the final fused network was computed using the ‘concordanceNetworkNMI’ function of the 
SNFtool R package (67). Concordance scores are between 0 and 1, with 1 indicating perfect agreement of cluster 
assignments between a data type and the fused network and 0 being no agreement.   
 

 

 
  



 

 
 

 

Fig. S1. Log odds ratios with 95% CI of differential analytes. (A) 32 differential metabolites. 
(B) 22 differential proteins.  
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Fig. S2. Boxplots of top differential metabolites, metabolite ratios and TCA-related 
metabolites between S, NS and HC. Shaded area includes the top contributing metabolites 
identified by the PLS-DA analysis (Fig. 1D), and the significantly differential metabolite ratios 
between NS and S. Dashed boarder indicate metabolites related to the TCA cycle. P-values when 
comparing S and NS are shown beneath each metabolite. For clinical relevance of metabolic 
alterations between S and NS, concentrations from 10 healthy subject from the community are 
also plotted for reference.   
  



 

 

Fig. S3. Venn diagram of differential analytes identified by main analysis and sensitivity 
analyses. Three sensitivity analysis were performed: one with influential observation removed, 
one with data adjusted for the presence of nutritional oedema, and the other with data adjusted 
for WHZ. Differential analytes were determined by the same procedure as the main analysis, and 
results were compared. (A) Differential metabolites. For sensitivity analysis that removed 
influential observations, no subject was consistently detected as influential by PCA and 
hierarchical clustering; 8 values were removed based on their univariate distributions and were 
then imputed. These 8 extreme values (>7 standard deviations from mean) found in methionine, 
PCaaC36:0, PCaaC38:0, PCaaC40:2, PCaeC38:1, PCaeC38:2, SMC26:0, and propionic acid, 
respectively. (B) Differential proteins. For sensitivity analysis that removed influential 
observations 2 subjects were removed as they were consistently detected as influential by PCA 
and hierarchical clustering, resulting in 85 pairs of case-control data for analysis; no extreme 
values were detected by univariate distributions. WHZ: weight for height z score. 
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Fig. S4. Selected differential metabolite-metabolite correlations between NS and S.  As a 
sensitivity analysis, non-parametric Spearman’s rank correlation tests were also performed to 
confirm the Pearson correlations showed. 
 
  



 

 

 
 
Fig. S5. Cross-correlations of differential analytes. Group-specific cross-correlation analysis of 
the differential metabolites, proteins and inflammatory mediators among NS and S. Significant 
(PFDR<0.05) positive correlations are depicted in red and negative correlations are depicted in blue, 
with color intensity and circle size correspond to correlation strength. AA: amino acid, BA: 
biogenic amide, AC: acylcarnitine, OA: organic acid. 
 
  



 

 
Fig. S6. Features characterizing SNF patient clusters. Standardized coefficients of top features 
characterizing each of the SNF clusters (PFDR<0.05 and NMI score>90 percentile); among these 
top features, differential features identified by the main analysis are bolded and highlighted in blue. 



 

 

 
 
Fig. S7. Schematic of trial and case-control sample analysis.  
1 Data for 2 samples out of the 90 were imputed due to insufficient volume for TMIC PRIME, as 
detailed in methods. CSM: children with complicated severe malnutrition. 
  

CSM recruited from 
F75 Trial

n=834

Completed the trial 
n=780

Died during hospitalization
n=127

Withdrawal or 
protocol violation 

n=63

Discharged within 14 days
n=551

Late discharge 
(>14 days): n=102

Blood 
collection 

not 
completed

n=35

Sufficient serum 
for metabolomics 

P180 Biocrates: 
n=90 
TMIC PRIME: 
n=901

Sufficient 
plasma for 
proteomics

n=92

Sufficient serum 
for metabolomics 

P180 Biocrates: 
n=92
TMIC PRIME: 
n=92

Sufficient 
plasma for 
proteomics

n=87

Case-Control pairs with 
metabolomics data: 

n=90 pairs

Case-Control pairs with 
proteomic data:

n=87 pairs

Non-survivors (NS) 
n=92

Blood collection 
not completed or 
not matched to 
the NS cases:

n=459

Discharged from hospitals 
n=653

Matched survivors (S) 
n=92



  

 

 
 
Fig. S8. Flow chart of analytical procedures. 
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Table S1. Metabolite detected, and ratios computed. 
 

Metabolite and Calculated 
Ratios 

Common name HMDB ID Mapped 
KEGG ID 

Ala L-Alanine HMDB0000161 C00041 

Arg L-Arginine HMDB0000517 C00062 

Asn L-Asparagine HMDB0000168 C00152 

Asp L-Aspartic acid HMDB0000191 C00049 

Cit Citrulline HMDB0000904 C00327 

Gln L-Glutamine HMDB0000641 C00064 

Glu L-Glutamic acid HMDB0000148 C00025 

Gly Glycine HMDB0000123 C00037 

His Histamine HMDB0000870 C00388 

Ile L-Isoleucine HMDB0000172 C00407 

Leu L-Leucine HMDB0000687 C00123 

Lys L-Lysine HMDB0000182 C00047 

Met L-Methionine HMDB0000696 C00073 

Orn Ornithine HMDB0000214 C00077 

Phe L-Phenylalanine HMDB0000159 C00079 

Pro L-Proline HMDB0000162 C00148 

Ser L-Serine HMDB0000187 C00065 

Thr L-Threonine HMDB0000167 C00188 

Trp L-Tryptophan HMDB0000929 C00078 

Tyr L-Tyrosine HMDB0000158 C00082 

Val L-Valine HMDB0000883 C00183 

alpha.AAA Aminoadipic acid HMDB0000510 C00956 

Creatinine Creatinine HMDB0000562 C00791 

Kynurenine L-Kynurenine HMDB0000684 C00328 

Putrescine Putrescine HMDB0001414 C02896 

Serotonin Serotonin HMDB0000259 C00780 

Spermidine Spermidine HMDB0001257 C00315 

Spermine Spermine HMDB0001256 C00750 

t4.OH.Pro 4-Hydroxyproline HMDB0000725 C01157 

Taurine Taurine HMDB0000251 C00245 

total.DMA Asymmetric dimethylarginine HMDB0001539 C03626 

total.DMA Symmetric dimethylarginine HMDB0003334 
 

C0 L-Carnitine HMDB0000062 C00318 

C2 L-Acetylcarnitine HMDB0000201 C02571 

C3 Propionylcarnitine HMDB0000824 C03017 

C3.DC..C4.OH. Hydroxybutyrylcarnitine HMDB0013127 
 



 

C4 Butyrylcarnitine HMDB0002013 C02862 

lysoPC.a.C16.0 LysoPC(16:0) HMDB0010382 C04230 

lysoPC.a.C16.1 LysoPC(16:1(9Z)) HMDB0010383 C04230 

lysoPC.a.C17.0 LysoPC(17:0) HMDB0012108 C04230 

lysoPC.a.C18.0 LysoPC(18:0) HMDB0010384 C04230 

lysoPC.a.C18.1 LysoPC(18:1(9Z)) HMDB0002815 C04230 

lysoPC.a.C18.2 LysoPC(18:2(9Z,12Z)) HMDB0010386 C04230 

lysoPC.a.C20.3 LysoPC(20:3(5Z,8Z,11Z)) HMDB0010393 C04230 

lysoPC.a.C20.4 LysoPC(20:4(5Z,8Z,11Z,14Z)) HMDB0010395 C04230 

lysoPC.a.C24.0 LysoPC(24:0) HMDB0010405 C04230 

lysoPC.a.C26.0 lysoPC(26:0) HMDB0029205 
 

lysoPC.a.C26.1 lysoPC(26:1(5Z)) HMDB0029220 
 

lysoPC.a.C28.0 lysoPC(28:0) HMDB0029206 
 

lysoPC.a.C28.1 lysoPC(28:1(5Z)) HMDB0029221 
 

PC.aa.C24.0 
   

PC.aa.C28.1 
   

PC.aa.C30.0 PC(P-16:0/14:0) HMDB0011203 
 

PC.aa.C30.2 
   

PC.aa.C32.0 PC(16:0/16:0) HMDB0000564 C00157 

PC.aa.C32.1 PC(14:0/P-18:1(11Z)) HMDB0007897 C00157 

PC.aa.C32.2 PC(16:1(9Z)/16:1(9Z)) HMDB0008002 C00157 

PC.aa.C32.3 
   

PC.aa.C34.1 PC(14:0/20:1(11Z)) HMDB0007879 C00157 

PC.aa.C34.2 PC(14:0/20:2(11Z,14Z)) HMDB0007880 C00157 

PC.aa.C34.3 PC(14:0/20:3(8Z,11Z,14Z)) HMDB0007882 C00157 

PC.aa.C34.4 PC(14:0/20:4(8Z,11Z,14Z,17Z)) HMDB0007884 C00157 

PC.aa.C36.0 PC(14:0/22:0) HMDB0007886 C00157 

PC.aa.C36.1 PC(14:0/22:1(13Z)) HMDB0007887 C00157 

PC.aa.C36.2 PC(18:1(9Z)/18:1(9Z)) HMDB0000593 C00157 

PC.aa.C36.3 PC(16:0/20:3(8Z,11Z,14Z)) HMDB0007981 C00157 

PC.aa.C36.4 PC(16:0/20:4(5Z,8Z,11Z,14Z)) HMDB0007982 C00157 

PC.aa.C36.5 PC(16:0/20:5(5Z,8Z,11Z,14Z,17Z)) HMDB0007984 C00157 

PC.aa.C36.6 PC(22:5(4Z,7Z,10Z,13Z,16Z)/14:1(9Z)) HMDB0008657 C00157 

PC.aa.C38.0 PC(16:0/22:0) HMDB0007985 C00157 

PC.aa.C38.1 PC(20:0/18:1(9Z)) HMDB0008269 C00157 

PC.aa.C38.3 PC(20:0/18:3(6Z,9Z,12Z)) HMDB0008271 C00157 

PC.aa.C38.4 PC(18:2(9Z,12Z)/20:2(11Z,14Z)) HMDB0008145 C00157 

PC.aa.C38.5 PC(20:1(11Z)/18:4(6Z,9Z,12Z,15Z)) HMDB0008306 C00157 

PC.aa.C38.6 PC(18:2(9Z,12Z)/20:4(5Z,8Z,11Z,14Z)) HMDB0008147 C00157 



 

PC.aa.C40.2 PC(20:1(11Z)/20:1(11Z)) HMDB0008308 C00157 

PC.aa.C40.3 PC(18:1(9Z)/22:2(13Z,16Z)) HMDB0008119 C00157 

PC.aa.C40.4 PC(22:0/18:4(6Z,9Z,12Z,15Z)) HMDB0008536 C00157 

PC.aa.C40.5 
   

PC.aa.C40.6 PC(18:1(9Z)/22:5(4Z,7Z,10Z,13Z,16Z)) HMDB0008121 C00157 

PC.aa.C42.0 PC(22:0/20:0) HMDB0008537 C00157 

PC.aa.C42.1 PC(18:1(11Z)/24:0) HMDB0008091 C00157 

PC.aa.C42.2 PC(18:1(11Z)/24:1(15Z)) HMDB0008092 C00157 

PC.aa.C42.4 PC(18:3(6Z,9Z,12Z)/24:1(15Z)) HMDB0008191 C00157 

PC.aa.C42.5 PC(20:3(8Z,11Z,14Z)/22:2(13Z,16Z)) HMDB0008415 C00157 

PC.ae.C30.0 PC(o-14:0/16:0) HMDB0013341 
 

PC.ae.C30.1 PC(o-14:0/16:1(9Z)) HMDB0013402 
 

PC.ae.C30.2 PC(o-16:1(9Z)/14:1(9Z)) HMDB0013410 
 

PC.ae.C32.1 PC(o-16:0/16:1(9Z)) HMDB0013404 
 

PC.ae.C32.2 PC(o-16:1(9Z)/16:1(9Z)) HMDB0013411 
 

PC.ae.C34.0 PC(o-16:0/18:0) HMDB0013405 
 

PC.ae.C34.1 PC(o-16:1(9Z)/18:0) HMDB0013412 
 

PC.ae.C34.2 PC(O-16:0/18:2(9Z,12Z)) HMDB0011151 
 

PC.ae.C34.3 PC(o-16:1(9Z)/18:2(9Z,12Z)) HMDB0013413 
 

PC.ae.C36.0 PC(o-16:0/20:0) HMDB0013406 
 

PC.ae.C36.1 PC(o-16:1(9Z)/20:0) HMDB0013414 
 

PC.ae.C36.2 PC(o-18:0/18:2(9Z,12Z)) HMDB0013418 
 

PC.ae.C36.3 PC(o-18:1(11Z)/18:2(9Z,12Z)) HMDB0013425 
 

PC.ae.C36.4 PC(o-16:0/20:4(8Z,11Z,14Z,17Z)) HMDB0013407 
 

PC.ae.C36.5 PC(o-16:1(9Z)/20:4(8Z,11Z,14Z,17Z)) HMDB0013415 
 

PC.ae.C38.0 PC(o-16:0/22:0) HMDB0013408 
 

PC.ae.C38.1 PC(o-16:1(9Z)/22:0) HMDB0013416 
 

PC.ae.C38.2 PC(o-18:1(9Z)/20:1(11Z)) HMDB0013431 
 

PC.ae.C38.3 PC(o-20:0/18:3(6Z,9Z,12Z)) HMDB0013439 
 

PC.ae.C38.4 PC(o-18:0/20:4(8Z,11Z,14Z,17Z)) HMDB0013420 
 

PC.ae.C38.5 PC(o-18:1(9Z)/20:4(8Z,11Z,14Z,17Z)) HMDB0013432 
 

PC.ae.C38.6 PC(o-
16:0/22:6(4Z,7Z,10Z,13Z,16Z,19Z)) 

HMDB0013409 
 

PC.ae.C40.1 PC(o-18:1(9Z)/22:0) HMDB0013433 
 

PC.ae.C40.2 PC(o-18:2(9Z,12Z)/22:0) HMDB0013437 
 

PC.ae.C40.3 PC(o-22:0/18:3(6Z,9Z,12Z)) HMDB0013445 
 

PC.ae.C40.4 PC(o-20:0/20:4(8Z,11Z,14Z,17Z)) HMDB0013442 
 

PC.ae.C40.5 PC(o-20:1(11Z)/20:4(8Z,11Z,14Z,17Z)) HMDB0013444 
 

PC.ae.C40.6 PC(o-
18:0/22:6(4Z,7Z,10Z,13Z,16Z,19Z)) 

HMDB0013422 
 



 

PC.ae.C42.1 PC(o-18:1(9Z)/24:0) HMDB0013434 
 

PC.ae.C42.2 PC(o-18:2(9Z,12Z)/24:0) HMDB0013438 
 

PC.ae.C42.3 PC(o-24:0/18:3(6Z,9Z,12Z)) HMDB0013458 
 

PC.ae.C42.4 PC(o-22:0/20:4(8Z,11Z,14Z,17Z)) HMDB0013448 
 

PC.ae.C44.3 PC(o-22:0/22:3(10Z,13Z,16Z)) HMDB0013449 
 

PC.ae.C44.4 PC(o-22:1(13Z)/22:3(10Z,13Z,16Z)) HMDB0013453 
 

PC.ae.C44.5 PC(o-22:2(13Z,16Z)/22:3(10Z,13Z,16Z)) HMDB0013456 
 

PC.ae.C44.6 PC(o-
22:0/22:6(4Z,7Z,10Z,13Z,16Z,19Z)) 

HMDB0013450 
 

SM..OH..C14.1 SM(d18:0/14:1(9Z)(OH)) HMDB0013462 C00550 

SM..OH..C16.1 SM OH C16.1 HMDB0013463 C00550 

SM..OH..C22.1 SM(d18:0/22:1(13Z)(OH)) HMDB0013466 C00550 

SM..OH..C22.2 SM(d18:0/22:2(13Z,16Z)(OH)) HMDB0013467 C00550 

SM..OH..C24.1 SM(d18:0/24:1(15Z)(OH)) HMDB0013469 C00550 

SM.C16.0 SM(d18:1/16:0) HMDB0010169 C00550 

SM.C16.1 SM C16:1 HMDB0029216 
 

SM.C18.0 SM(d18:1/18:0) HMDB0001348 C00550 

SM.C18.1 SM(d18:1/18:1(9Z)) HMDB0012101 C00550 

SM.C20.2 SM(d18:0/20:2(11Z,14Z)) HMDB0013465 C00550 

SM.C22.3 SM(d18:0/22:3(10Z,13Z,16Z)) HMDB0013468 C00550 

SM.C24.0 SM(d18:1/24:0) HMDB0011697 
 

SM.C24.1 SM(d18:1/24:1(15Z)) HMDB0012107 C00550 

SM.C26.0 SM(d18:1/26:0) HMDB0011698 C00550 

SM.C26.1 SM(d18:0/26:1(17Z)) HMDB0013461 C00550 

H1 D-Glucose HMDB0000122 C00031 

Lactic.acid L-Lactic acid HMDB0000190 C00256 

beta.Hydroxybutyric.acid 3-Hydroxybutyric acid HMDB0000357 C01089 

alpha.Ketoglutaric.acid Oxoglutaric acid HMDB0000208 C00026 

Citric.acid Citric acid HMDB0000094 C00158 

Butyric.acid Butyric acid HMDB0000039 C00246 

Propionic.acid Propionic acid HMDB0000237 C00163 

HPHPA 3-(3-Hydroxyphenyl)-3-
hydroxypropanoic acid 

HMDB0002643 
 

Succinic.acid Succinic acid HMDB0000254 C00042 

Fumaric.acid Fumaric acid HMDB0000134 C00122 

Pyruvic.acid Pyruvic acid HMDB0000243 C00022 

Isobutyric.acid Isobutyric acid HMDB0001873 C02632 

Hippuric.acid Hippuric acid HMDB0000714 C01586 

Methylmalonic.acid Methylmalonic acid HMDB0000202 C02170 

Homovanillic.acid Homovanillic acid HMDB0000118 C05582 



 

Indole.acetic.acid Indoleacetic acid HMDB0000197 C00954 

Uric.acid Uric acid HMDB0000289 C00366 

5-Hydroxyindole.acetic.acid 5-Hydroxyindoleacetic acid HMDB0000763 C05635 

p-Hydroxyphenylacetic.acid p-Hydroxyphenylacetic acid HMDB0000020 C00642 

ratio_AA Total aromatic amino acids (Tyrosine, Tryptophane, Phenylalanine, and 
Histidine) 

ratio_BCAA Total branched amino acids (Isoleucine, Leucine, and Valine) 

ratio_Fischer Fischer's ratio (Isoleucine, Leucine, and Valine / Tyrosine and Phenylalanine) 

ratio_Essential_AA Total essential amino acids (Phenylalanine, Valine, Threonine, Tryptophan, 
Methionine, Leucine, Isoleucine, Lysine, and Histidine) 

ratio_Glucogenic_AA Total glucogenic amino acids (Alanine, Arginine, Asparagine, Aspartic, Glutamic, 
Glutamine, Glycine, Histidine, Methionine, Proline, Serine, and Valine) 

ratio_Keto_AA Total ketogenic amino acids (Leucine and Lysine) 
 

ratio_Total_AAs Total amino acids  
  

ratio_urea_cycle Total urea cycle amino acids (Citrulline, Ornitine, Argining, Aspartic acid) 

ratio_Kynurenine_Trp Kynurenine to Trptophan ratio 
  

ratio_Orn_Arg Ornithine to Arginine ratio 
  

ratio_Orn_Putrescine Ornithine to Putrescine ratio 
  

ratio_Serotonin_Trp Serotonin to Trptophan ratio 
  

ratio_Spermidine_Putrescin
e 

Spermidine to Putrescine ratio 
  

ratio_Spermine_Spermidine Spermine to Spermidine ratio 
  

ratio_Tyr_Phe Tyrosine to Phenylalanine ratio 
  

ratio_Cit_Orn Citrulline to Ornithine ratio 
  

ratio_Cit_Arg Citrulline to Arginine ratio 
  

ratio_C2_C0 Acetylcarnitine to carnitine ratio 
  

 
 
 
 
Table S2. Metabolomics univariate results. 
 

Metabolite coef se.coef OR 95CI.OR P P.FD
R 

mean_co
ntrol 

mean_c
ase 

fold_
chan
ge 

Ala -1.48 0.71 0.23 [0.0565 to 
0.916] 0.04 0.10 297.71 246.31 0.83 

Arg -2.16 0.79 0.12 [0.0246 to 
0.536] 0.01 0.03 82.02 67.52 0.82 

Asn 0.86 0.61 2.37 [0.723 to 7.75] 0.15 0.25 53.69 61.22 1.14 
Asp -0.91 0.58 0.41 [0.131 to 1.25] 0.12 0.21 38.27 34.28 0.90 
Cit -0.55 0.37 0.58 [0.283 to 1.19] 0.14 0.22 11.21 7.68 0.68 
Gln -0.01 0.76 0.99 [0.223 to 4.37] 0.99 0.99 493.25 504.52 1.02 
Glu -0.17 0.47 0.84 [0.335 to 2.11] 0.71 0.79 138.13 164.46 1.19 
Gly -0.02 0.78 0.98 [0.214 to 4.48] 0.98 0.99 319.44 325.88 1.02 
His 2.41 1.01 11.20 [1.56 to 80.3] 0.02 0.06 95.20 111.84 1.17 



 

Ile -1.72 0.70 0.18 [0.045 to 0.711] 0.02 0.06 60.25 48.71 0.81 

Leu -1.54 0.77 0.21 [0.0478 to 
0.959] 0.04 0.12 118.86 100.06 0.84 

Lys -1.45 0.89 0.23 [0.0408 to 1.34] 0.10 0.20 189.42 166.42 0.88 
Met -0.94 0.61 0.39 [0.118 to 1.3] 0.13 0.21 20.43 18.26 0.89 
Orn -1.07 0.54 0.34 [0.118 to 0.995] 0.05 0.13 63.49 51.28 0.81 
Phe 1.12 0.81 3.05 [0.618 to 15] 0.17 0.26 116.55 131.07 1.12 
Pro -1.31 0.85 0.27 [0.0513 to 1.42] 0.12 0.21 217.47 200.59 0.92 

Ser -1.80 0.85 0.17 [0.0315 to 
0.865] 0.03 0.10 189.32 169.64 0.90 

Thr -0.21 0.69 0.81 [0.209 to 3.12] 0.76 0.82 81.39 78.26 0.96 
Trp -0.87 0.40 0.42 [0.192 to 0.907] 0.03 0.09 26.24 19.43 0.74 
Tyr 0.00 0.54 1.00 [0.349 to 2.89] 0.99 0.99 55.23 53.24 0.96 
Val -1.46 0.77 0.23 [0.0512 to 1.05] 0.06 0.14 179.45 152.91 0.85 
alpha AAA 0.59 0.46 1.80 [0.739 to 4.4] 0.20 0.28 1.28 1.53 1.19 
Creatinine 2.59 0.79 13.30 [2.84 to 62] 0.00 0.01 26.90 39.85 1.48 
Kynurenine -0.15 0.34 0.86 [0.445 to 1.66] 0.65 0.73 2.51 2.51 1.00 
Putrescine 0.68 0.34 1.97 [1.02 to 3.82] 0.04 0.12 0.21 0.28 1.33 
Serotonin -0.60 0.25 0.55 [0.337 to 0.895] 0.02 0.06 0.84 0.65 0.77 
Spermidine 0.33 0.58 1.39 [0.45 to 4.32] 0.56 0.66 0.53 0.56 1.06 
Spermine 0.71 0.51 2.04 [0.746 to 5.58] 0.16 0.26 0.34 0.36 1.08 
t4.OH.Pro 1.66 0.68 5.25 [1.4 to 19.7] 0.01 0.06 15.03 19.17 1.28 
Taurine -1.20 0.64 0.30 [0.0856 to 1.05] 0.06 0.14 130.78 116.97 0.89 
C0 Acylcarnitine -1.19 0.68 0.30 [0.0805 to 1.14] 0.08 0.16 20.41 18.82 0.92 
C2 Acylcarnitine 1.80 0.58 6.07 [1.93 to 19.1] 0.00 0.01 14.70 20.50 1.39 
C3 Acylcarnitine 0.47 0.53 1.60 [0.565 to 4.5] 0.38 0.47 0.41 0.48 1.17 
C4-OH 
Acylcarnitine 0.89 0.45 2.43 [1 to 5.89] 0.05 0.13 0.26 0.34 1.31 

C4 Acylcarnitine 1.82 0.73 6.20 [1.5 to 25.7] 0.01 0.05 0.19 0.22 1.19 
lysoPC a C16.0 -2.67 0.59 0.07 [0.0218 to 0.22] 0.00 0.00 34.40 19.55 0.57 

lysoPC a C16.1 -2.58 0.60 0.08 [0.0233 to 
0.246] 0.00 0.00 0.70 0.48 0.69 

lysoPC a C17.0 -2.86 0.69 0.06 [0.0148 to 0.22] 0.00 0.00 0.39 0.23 0.60 

lysoPC a C18.0 -2.83 0.63 0.06 [0.0173 to 
0.203] 0.00 0.00 8.85 4.70 0.53 

lysoPC a C18.1 -2.87 0.62 0.06 [0.0169 to 
0.192] 0.00 0.00 7.93 4.70 0.59 

lysoPC a C18.2 -2.19 0.49 0.11 [0.0426 to 
0.293] 0.00 0.00 8.97 4.91 0.55 

lysoPC a C20.3 -2.72 0.59 0.07 [0.0209 to 
0.209] 0.00 0.00 0.54 0.31 0.57 

lysoPC a C20.4 -2.24 0.54 0.11 [0.0372 to 
0.306] 0.00 0.00 2.45 1.57 0.64 

lysoPC a C24.0 -1.16 0.63 0.31 [0.0908 to 1.09] 0.07 0.15 0.18 0.14 0.76 
PC aa C24.0 0.52 0.59 1.68 [0.534 to 5.31] 0.37 0.47 0.18 0.18 0.98 
PC aa C28.1 -0.61 0.66 0.55 [0.15 to 1.98] 0.36 0.46 1.40 1.30 0.93 
PC aa C30.0 0.67 0.59 1.96 [0.623 to 6.18] 0.25 0.35 3.77 4.38 1.16 
PC aa C32.0 1.95 0.75 7.01 [1.6 to 30.7] 0.01 0.04 16.98 20.53 1.21 
PC aa C32.1 1.46 0.52 4.30 [1.56 to 11.8] 0.00 0.03 13.71 19.67 1.43 
PC aa C32.2 1.28 0.60 3.59 [1.11 to 11.6] 0.03 0.10 1.41 1.75 1.24 
PC aa C32.3 -1.21 0.91 0.30 [0.0503 to 1.77] 0.18 0.27 0.14 0.13 0.91 



 

PC aa C34.1 1.45 0.81 4.28 [0.884 to 20.7] 0.07 0.15 198.47 228.50 1.15 
PC aa C34.2 0.30 0.89 1.34 [0.237 to 7.62] 0.74 0.81 236.79 239.21 1.01 
PC aa C34.3 0.06 0.59 1.07 [0.339 to 3.35] 0.91 0.94 5.00 4.81 0.96 
PC aa C34.4 -0.70 0.61 0.50 [0.149 to 1.66] 0.25 0.36 0.33 0.29 0.90 
PC aa C36.0 -0.91 0.67 0.40 [0.108 to 1.51] 0.18 0.27 1.76 1.29 0.73 
PC aa C36.1 0.38 0.69 1.47 [0.382 to 5.62] 0.58 0.67 34.94 37.88 1.08 
PC aa C36.2 -0.12 0.74 0.89 [0.207 to 3.81] 0.87 0.91 126.90 125.80 0.99 
PC aa C36.3 -1.36 0.79 0.26 [0.0543 to 1.2] 0.08 0.17 44.86 38.50 0.86 
PC aa C36.4 -0.34 0.76 0.71 [0.162 to 3.14] 0.66 0.73 90.09 85.63 0.95 
PC aa C36.5 -0.91 0.54 0.40 [0.141 to 1.16] 0.09 0.18 6.03 4.79 0.79 
PC aa C36.6 -1.11 0.60 0.33 [0.101 to 1.08] 0.07 0.15 0.23 0.19 0.84 
PC aa C38.0 -0.96 0.63 0.39 [0.111 to 1.33] 0.13 0.22 1.93 1.57 0.81 

PC aa C38.3 -2.06 0.86 0.13 [0.0237 to 
0.689] 0.02 0.06 16.78 13.91 0.83 

PC aa C38.4 -0.08 0.76 0.92 [0.206 to 4.12] 0.92 0.94 45.56 44.34 0.97 
PC aa C38.5 -1.56 0.83 0.21 [0.0415 to 1.06] 0.06 0.14 17.89 15.59 0.87 
PC aa C38.6 -1.17 0.52 0.31 [0.112 to 0.852] 0.02 0.08 47.66 34.75 0.73 
PC aa C40.2 -0.46 0.88 0.63 [0.114 to 3.52] 0.60 0.69 0.15 0.13 0.87 
PC aa C40.3 -1.45 0.92 0.23 [0.0385 to 1.43] 0.12 0.21 0.25 0.22 0.87 

PC aa C40.4 -1.77 0.84 0.17 [0.0327 to 
0.885] 0.04 0.10 1.50 1.32 0.87 

PC aa C40.5 -2.00 0.79 0.14 [0.0285 to 
0.638] 0.01 0.05 4.20 3.53 0.84 

PC aa C40.6 -1.34 0.57 0.26 [0.0864 to 
0.794] 0.02 0.06 16.18 12.14 0.75 

PC aa C42.0 -1.01 0.69 0.37 [0.0942 to 1.41] 0.14 0.23 0.30 0.25 0.83 

PC aa C42.1 -1.68 0.74 0.19 [0.0436 to 
0.792] 0.02 0.08 0.16 0.13 0.79 

PC aa C42.2 -1.03 0.80 0.36 [0.0754 to 1.7] 0.20 0.28 0.11 0.10 0.85 

PC aa C42.4 -2.07 0.89 0.13 [0.0223 to 
0.721] 0.02 0.07 0.09 0.08 0.83 

PC aa C42.5 -1.87 0.89 0.16 [0.0268 to 
0.891] 0.04 0.10 0.16 0.13 0.85 

PC ae C30.0 0.13 0.53 1.13 [0.406 to 3.17] 0.81 0.86 0.27 0.29 1.07 
PC ae C32.1 1.51 0.83 4.51 [0.883 to 23] 0.07 0.15 2.46 2.75 1.12 
PC ae C32.2 1.63 0.90 5.09 [0.871 to 29.8] 0.07 0.15 0.35 0.40 1.12 
PC ae C34.0 1.11 0.79 3.03 [0.652 to 14.1] 0.16 0.25 0.82 0.90 1.09 
PC ae C34.1 1.30 0.85 3.66 [0.697 to 19.2] 0.13 0.21 6.01 6.61 1.10 
PC ae C34.2 -0.65 0.99 0.52 [0.0758 to 3.61] 0.51 0.61 4.32 4.10 0.95 
PC ae C34.3 -1.35 0.84 0.26 [0.0503 to 1.34] 0.11 0.20 2.65 2.29 0.86 
PC ae C36.0 0.29 0.71 1.34 [0.333 to 5.37] 0.68 0.76 0.68 0.68 1.01 
PC ae C36.1 0.10 0.76 1.11 [0.252 to 4.88] 0.89 0.92 3.40 3.40 1.00 
PC ae C36.2 -0.42 0.88 0.66 [0.119 to 3.65] 0.63 0.72 4.85 4.61 0.95 
PC ae C36.3 -1.52 0.99 0.22 [0.0316 to 1.5] 0.12 0.21 2.57 2.31 0.90 
PC ae C36.4 -0.79 0.80 0.45 [0.0949 to 2.17] 0.32 0.43 9.61 8.81 0.92 
PC ae C36.5 -0.14 0.76 0.87 [0.195 to 3.89] 0.86 0.90 6.33 6.09 0.96 

PC ae C38.0 -2.33 0.83 0.10 [0.0192 to 
0.488] 0.00 0.03 0.66 0.51 0.77 

PC ae C38.1 1.09 0.48 2.98 [1.16 to 7.62] 0.02 0.08 0.36 0.36 1.01 

PC ae C38.2 -1.78 0.83 0.17 [0.0331 to 
0.866] 0.03 0.10 0.80 0.64 0.81 



 

PC ae C38.3 -2.17 0.88 0.11 [0.0204 to 
0.633] 0.01 0.05 1.15 0.96 0.83 

PC ae C38.4 -0.82 0.89 0.44 [0.0762 to 2.53] 0.36 0.46 6.41 6.03 0.94 
PC ae C38.5 -0.67 0.85 0.51 [0.0961 to 2.72] 0.43 0.53 8.75 8.25 0.94 
PC ae C38.6 -0.59 0.67 0.55 [0.149 to 2.05] 0.38 0.47 3.60 3.14 0.87 

PC ae C40.1 -2.29 0.84 0.10 [0.0198 to 
0.524] 0.01 0.03 0.34 0.26 0.76 

PC ae C40.2 -2.85 0.89 0.06 [0.00999 to 
0.333] 0.00 0.01 0.53 0.40 0.76 

PC ae C40.3 -1.56 0.96 0.21 [0.0323 to 1.36] 0.10 0.20 0.36 0.32 0.88 
PC ae C40.4 -1.36 0.91 0.26 [0.0432 to 1.53] 0.14 0.22 1.07 0.97 0.91 
PC ae C40.5 -1.36 0.85 0.26 [0.0489 to 1.34] 0.11 0.20 1.52 1.37 0.90 
PC ae C40.6 -1.23 0.73 0.29 [0.0702 to 1.21] 0.09 0.18 2.37 1.99 0.84 
PC ae C42.1 -0.49 0.68 0.62 [0.163 to 2.32] 0.47 0.57 0.16 0.14 0.91 

PC ae C42.2 -2.65 0.82 0.07 [0.0143 to 
0.348] 0.00 0.01 0.20 0.15 0.73 

PC ae C42.3 -2.64 0.88 0.07 [0.0127 to 
0.405] 0.00 0.02 0.25 0.19 0.77 

PC ae C42.4 -1.01 0.54 0.37 [0.126 to 1.06] 0.06 0.14 0.38 0.32 0.83 
PC ae C44.3 -0.66 0.60 0.52 [0.161 to 1.66] 0.27 0.37 0.06 0.05 0.87 
PC ae C44.4 -1.23 0.64 0.29 [0.0833 to 1.02] 0.05 0.13 0.16 0.13 0.84 
PC ae C44.5 -0.59 0.62 0.55 [0.163 to 1.87] 0.34 0.45 0.68 0.63 0.93 
PC ae C44.6 -0.69 0.71 0.50 [0.125 to 1.99] 0.33 0.43 0.64 0.59 0.91 
SM .OH..C14.1 -0.98 0.75 0.38 [0.0867 to 1.63] 0.19 0.28 2.04 1.92 0.94 
SM .OH..C16.1 -1.44 0.90 0.24 [0.041 to 1.37] 0.11 0.20 1.33 1.22 0.91 

SM .OH..C22.1 -2.99 0.81 0.05 [0.0104 to 
0.245] 0.00 0.00 4.14 2.79 0.68 

SM .OH..C22.2 -2.19 0.79 0.11 [0.0238 to 
0.527] 0.01 0.03 3.05 2.43 0.80 

SM .OH..C24.1 -2.39 0.83 0.09 [0.0181 to 0.46] 0.00 0.02 0.48 0.37 0.76 
SM C16.0 -0.18 0.89 0.84 [0.146 to 4.77] 0.84 0.89 86.95 84.94 0.98 
SM C16.1 0.81 0.79 2.24 [0.481 to 10.5] 0.30 0.41 8.33 9.14 1.10 
SM C18.0 -1.31 0.82 0.27 [0.0545 to 1.34] 0.11 0.20 17.32 15.40 0.89 
SM C18.1 -0.53 0.79 0.59 [0.126 to 2.74] 0.50 0.60 5.76 5.48 0.95 
SM C20.2 -0.61 0.83 0.55 [0.108 to 2.74] 0.46 0.56 0.21 0.20 0.94 

SM C24.0 -3.44 0.92 0.03 [0.0053 to 
0.193] 0.00 0.00 12.34 8.69 0.70 

SM C24.1 -1.40 0.72 0.25 [0.0596 to 1.01] 0.05 0.13 40.25 33.16 0.82 

SM C26.0 -3.13 0.86 0.04 [0.00809 to 
0.237] 0.00 0.00 0.07 0.05 0.69 

SM C26.1 -3.26 0.87 0.04 [0.00695 to 
0.213] 0.00 0.00 0.17 0.12 0.71 

H1 -0.67 0.61 0.51 [0.155 to 1.69] 0.27 0.37 4609.68 4689.85 1.02 

Lactic acid 1.13 0.81 3.09 [0.629 to 15.2] 0.16 0.26 3129.11 3408.76 1.09 

beta-
Hydroxybutyric 
acid 

0.48 0.25 1.61 [0.984 to 2.63] 0.06 0.14 664.00 894.15 1.35 

alpha-
Ketoglutaric acid 0.95 0.51 2.58 [0.953 to 6.97] 0.06 0.14 12.12 16.92 1.40 



 

Citric acid 0.75 0.56 2.11 [0.706 to 6.32] 0.18 0.27 17.43 21.51 1.23 
Butyric acid 4.55 1.15 94.40 [10 to 891] 0.00 0.00 1.62 2.25 1.39 

Propionic acid 7.93 1.63 2770.
00 [113 to 67800] 0.00 0.00 2.41 3.51 1.45 

HPHPA -0.58 0.46 0.56 [0.226 to 1.39] 0.21 0.30 0.03 0.02 0.68 
Succinic acid 1.02 0.55 2.77 [0.952 to 8.06] 0.06 0.14 4.27 4.60 1.08 
Fumaric acid 2.47 0.68 11.80 [3.11 to 44.7] 0.00 0.00 2.18 3.45 1.58 
Pyruvic acid 1.99 0.72 7.30 [1.8 to 29.6] 0.01 0.03 113.62 144.46 1.27 

Isobutyric acid 7.59 1.63 1980.
00 [81.7 to 47800] 0.00 0.00 0.92 1.63 1.76 

Hippuric acid -0.05 0.16 0.95 [0.689 to 1.31] 0.75 0.81 1.39 1.99 1.43 
Methylmalonic 
acid 0.74 0.44 2.10 [0.884 to 4.97] 0.09 0.18 0.18 0.29 1.61 

Homovanillic acid 3.38 0.72 29.30 [7.18 to 120] 0.00 0.00 0.04 0.15 3.96 
Indole.acetic acid 0.02 0.30 1.02 [0.573 to 1.82] 0.94 0.96 1.05 0.91 0.87 
Uric acid 2.40 0.75 11.00 [2.54 to 47.6] 0.00 0.01 523.53 745.33 1.42 
5-
Hydroxyindole.ac
etic acid 

0.77 0.37 2.16 [1.05 to 4.46] 0.04 0.10 0.07 0.11 1.56 

p-
Hydroxyphenylac
etic acid 

0.15 0.24 1.17 [0.731 to 1.86] 0.52 0.61 1.92 2.12 1.10 

ratio_AAA 0.00 0.00 1.00 [0.999 to 1.01] 0.12 0.21 293.23 315.58 1.08 
ratio_BCAA 0.00 0.00 1.00 [0.995 to 1] 0.02 0.06 358.56 301.69 0.84 
ratio_Fischer -0.79 0.27 0.45 [0.27 to 0.761] 0.00 0.02 2.10 1.75 0.83 
ratio_Essential_ 
AA 0.00 0.00 1.00 [0.998 to 1] 0.17 0.26 887.79 826.96 0.93 

ratio_Glucogenic_
AA 0.00 0.00 1.00 [0.999 to 1] 0.53 0.62 2124.39 2057.43 0.97 

ratio_Keto_AA 0.00 0.00 1.00 [0.994 to 1] 0.03 0.08 308.28 266.48 0.86 
ratio_Kynurenine
_Trp 4.16 1.56 64.30 [3.04 to 1360] 0.01 0.04 0.12 0.17 1.43 

ratio_Orn_Arg 0.28 0.21 1.32 [0.88 to 1.98] 0.18 0.27 0.80 0.98 1.23 
ratio_Orn_Putres
cine 0.00 0.00 1.00 [0.999 to 1] 0.08 0.16 823.35 481.63 0.58 

ratio_Serotonin_ 
Trp 1.13 2.18 3.11 [0.0436 to 221] 0.60 0.69 0.05 0.05 1.11 

ratio_Spermidine
_Putrescine -0.01 0.01 0.99 [0.965 to 1.01] 0.38 0.47 9.16 4.55 0.50 

ratio_Spermine_ 
Spermidine 0.68 0.44 1.98 [0.829 to 4.71] 0.12 0.21 0.72 0.81 1.11 

ratio_Tyr_Phe -0.55 0.56 0.58 [0.192 to 1.73] 0.33 0.43 0.48 0.44 0.92 
ratio_Cit_Orn -0.39 0.44 0.68 [0.288 to 1.59] 0.37 0.47 0.26 0.21 0.80 
ratio_Cit_Arg -0.24 0.90 0.79 [0.136 to 4.54] 0.79 0.84 0.15 0.14 0.95 
ratio_C2_C0 0.69 0.20 2.00 [1.34 to 2.98] 0.00 0.01 0.87 1.39 1.60 

ratio_Total_AAs 0.00 0.00 1.00 [1 to 1] 0.33 0.43 2847.02 2713.58 0.95 

ratio_urea_cycle -0.01 0.00 0.99 [0.989 to 0.998] 0.01 0.03 194.98 160.75 0.82 
 
 
 



 

Table S3. Proteomic univariate results. 
 

Protein coef se.coef OR 95CI.OR P P.FDR 
mean
_cont
rol 

mean
_case 

fold_ 
change 

A0A024CIM4 -0.581 0.367 0.559 [0.272 to 1.15] 0.11 0.8 9.08 8.97 1.01 
A0A024R035 -0.0758 0.29 0.927 [0.525 to 1.64] 0.79 0.88 10.65 10.63 1.00 
A0A024R2Q7 0.112 0.376 1.12 [0.535 to 2.33] 0.77 0.88 8.01 8.03 1.00 
A0A024R3E3 -0.35 0.291 0.705 [0.398 to 1.25] 0.23 0.8 12.71 12.61 1.01 
A0A024R462 0.315 0.333 1.37 [0.714 to 2.63] 0.34 0.8 9.37 9.43 0.99 
A0A024R6I6 -0.0783 0.382 0.925 [0.437 to 1.96] 0.84 0.9 9.08 9.07 1.00 
A0A024R6I7 0.489 0.339 1.63 [0.839 to 3.17] 0.15 0.8 13.34 13.44 0.99 
A0A024R6I9 -0.477 0.367 0.621 [0.302 to 1.28] 0.19 0.8 10.20 10.11 1.01 
A0A024R6P0 0.522 0.357 1.69 [0.837 to 3.4] 0.14 0.8 12.75 12.85 0.99 
A0A024R944 -0.91 0.401 0.402 [0.184 to 0.882] 0.023 0.8 11.72 11.57 1.01 
A0A024RAA7 -0.105 0.413 0.901 [0.401 to 2.02] 0.8 0.88 9.32 9.31 1.00 
A0A024RAG6 -0.141 0.389 0.868 [0.405 to 1.86] 0.72 0.87 8.69 8.67 1.00 
A0A044QNR9 0.722 0.338 2.06 [1.06 to 4] 0.033 0.8 9.31 9.47 0.98 
A0A087X1J7 -0.105 0.291 0.9 [0.509 to 1.59] 0.72 0.87 9.39 9.36 1.00 
A0A096LPE2 -0.236 0.279 0.79 [0.457 to 1.37] 0.4 0.8 9.26 9.19 1.01 
A0A0A0MRJ7 -0.112 0.407 0.894 [0.403 to 1.99] 0.78 0.88 10.09 10.08 1.00 
A0A0A0MS15 0.184 0.233 1.2 [0.762 to 1.9] 0.43 0.8 8.74 8.82 0.99 
A0A0A0MSV6 0.164 0.436 1.18 [0.501 to 2.77] 0.71 0.87 9.27 9.29 1.00 
A0A0B4J1V2 0.321 0.218 1.38 [0.899 to 2.11] 0.14 0.8 7.68 7.85 0.98 
A0A0C4DH31 0.479 0.302 1.61 [0.893 to 2.92] 0.11 0.8 7.87 7.99 0.98 
A0A0C4DH33 0.226 0.34 1.25 [0.644 to 2.44] 0.51 0.8 7.82 7.87 0.99 
A0A0C4DH67 0.403 0.351 1.5 [0.752 to 2.98] 0.25 0.8 9.82 9.89 0.99 
A0A0F7SYK7 0.401 0.289 1.49 [0.848 to 2.63] 0.17 0.8 8.34 8.45 0.99 
A0A0F7T7M3 0.208 0.26 1.23 [0.739 to 2.05] 0.42 0.8 8.00 8.07 0.99 
A0A0G2JMY9 0.0663 0.37 1.07 [0.517 to 2.21] 0.86 0.91 7.81 7.82 1.00 
A0A0S2Z3D5 0.606 0.36 1.83 [0.905 to 3.71] 0.092 0.8 10.85 10.96 0.99 
A0A0S2Z3Y1 0.381 0.365 1.46 [0.717 to 2.99] 0.3 0.8 10.65 10.71 0.99 
A0A0U1RR20 -0.147 0.336 0.863 [0.447 to 1.67] 0.66 0.87 8.25 8.22 1.00 
A0A0X9UWK7 0.253 0.226 1.29 [0.828 to 2] 0.26 0.8 8.86 8.97 0.99 
A0A0X9UWL5 0.256 0.262 1.29 [0.772 to 2.16] 0.33 0.8 9.51 9.59 0.99 
A0A109PSY4 0.205 0.265 1.23 [0.731 to 2.06] 0.44 0.8 8.11 8.18 0.99 
A0A125QYY9 0.467 0.308 1.6 [0.872 to 2.92] 0.13 0.8 8.84 8.96 0.99 
A0A140VJI7 -0.289 0.429 0.749 [0.323 to 1.74] 0.5 0.8 9.59 9.55 1.00 
A0A140VJJ6 0.287 0.271 1.33 [0.784 to 2.26] 0.29 0.8 11.78 11.87 0.99 
A0A140VK00 -0.0819 0.377 0.921 [0.44 to 1.93] 0.83 0.9 11.23 11.22 1.00 
A0A140VK24 -0.306 0.353 0.737 [0.369 to 1.47] 0.39 0.8 8.37 8.32 1.01 
A0A140VKF3 0.695 0.434 2 [0.857 to 4.69] 0.11 0.8 10.92 11.01 0.99 
A0A193CHQ9 0.278 0.255 1.32 [0.801 to 2.18] 0.28 0.8 8.85 8.95 0.99 
A0A1S5UZ39 0.124 0.235 1.13 [0.715 to 1.79] 0.6 0.84 11.11 11.16 1.00 
A0A1U9X793 -0.118 0.343 0.889 [0.454 to 1.74] 0.73 0.87 8.84 8.82 1.00 
A0A1W6IYJ6 0.477 0.36 1.61 [0.796 to 3.26] 0.19 0.8 8.55 8.64 0.99 
A0A1Z1VXF2 -0.0177 0.318 0.982 [0.527 to 1.83] 0.96 0.97 8.23 8.23 1.00 
A0A286YES1 0.2 0.236 1.22 [0.77 to 1.94] 0.4 0.8 10.19 10.28 0.99 
A0A2Q2TTZ9 0.294 0.262 1.34 [0.803 to 2.24] 0.26 0.8 8.74 8.84 0.99 
A0A2U8J8D9 0.463 0.295 1.59 [0.89 to 2.83] 0.12 0.8 9.62 9.75 0.99 
A0A2U8J8Q6 0.241 0.222 1.27 [0.823 to 1.97] 0.28 0.8 7.93 8.04 0.99 



 

A0A2Z4LCH4 -0.287 0.4 0.75 [0.343 to 1.64] 0.47 0.8 10.60 10.56 1.00 
A0A346D5N4 -0.277 0.345 0.758 [0.385 to 1.49] 0.42 0.8 8.94 8.88 1.01 
A0A5E4 0.266 0.239 1.31 [0.818 to 2.08] 0.26 0.8 9.04 9.15 0.99 
A0M8Q7 0.115 0.25 1.12 [0.687 to 1.83] 0.65 0.87 7.73 7.77 0.99 
A0N071 0.0671 0.277 1.07 [0.622 to 1.84] 0.81 0.88 9.98 10.00 1.00 
A0N5G1 0.24 0.222 1.27 [0.823 to 1.96] 0.28 0.8 9.02 9.14 0.99 
A0N5G5 0.16 0.194 1.17 [0.802 to 1.72] 0.41 0.8 7.56 7.65 0.99 
A2J1N5 0.31 0.286 1.36 [0.777 to 2.39] 0.28 0.8 8.23 8.32 0.99 
A2KBB9 0.282 0.262 1.33 [0.792 to 2.22] 0.28 0.8 9.52 9.62 0.99 
A2MYD4 0.178 0.203 1.19 [0.802 to 1.78] 0.38 0.8 7.81 7.91 0.99 
A2N0T4 0.244 0.242 1.28 [0.794 to 2.05] 0.31 0.8 8.07 8.17 0.99 
A2NB45 0.247 0.36 1.28 [0.632 to 2.59] 0.49 0.8 7.99 8.03 0.99 
A2NUT2 0.25 0.223 1.28 [0.829 to 1.99] 0.26 0.8 8.22 8.34 0.99 
A2NYV4 0.345 0.254 1.41 [0.857 to 2.32] 0.18 0.8 8.44 8.56 0.99 
A2RTY6 -0.311 0.38 0.733 [0.348 to 1.54] 0.41 0.8 11.54 11.49 1.00 
A5PL27 -0.343 0.354 0.71 [0.355 to 1.42] 0.33 0.8 13.00 12.94 1.00 
A5YAK2 -0.241 0.293 0.786 [0.443 to 1.39] 0.41 0.8 7.51 7.45 1.01 
A8K008 0.185 0.197 1.2 [0.818 to 1.77] 0.35 0.8 11.95 12.07 0.99 
A8K5J8 -0.14 0.385 0.869 [0.409 to 1.85] 0.71 0.87 10.82 10.80 1.00 
A8K5T0 -0.292 0.38 0.746 [0.355 to 1.57] 0.44 0.8 11.48 11.44 1.00 
B0YIW2 0.109 0.262 1.11 [0.667 to 1.86] 0.68 0.87 10.02 10.06 1.00 
B2R4C5 0.0409 0.36 1.04 [0.515 to 2.11] 0.91 0.93 8.39 8.39 1.00 
B2R582 -0.219 0.393 0.803 [0.372 to 1.74] 0.58 0.83 9.37 9.33 1.00 
B2R5G8 -0.209 0.362 0.811 [0.399 to 1.65] 0.56 0.82 8.79 8.75 1.00 
B2R6W1 -0.346 0.293 0.707 [0.399 to 1.26] 0.24 0.8 8.23 8.13 1.01 
B2R888 0.314 0.384 1.37 [0.646 to 2.9] 0.41 0.8 8.56 8.61 0.99 
B2R8I2 -0.94 0.354 0.391 [0.195 to 0.781] 0.0079 0.46 NA NA NA 
B4DF70 -0.134 0.306 0.874 [0.48 to 1.59] 0.66 0.87 9.56 9.53 1.00 
B4DPP8 -0.278 0.389 0.757 [0.353 to 1.62] 0.47 0.8 8.41 8.36 1.01 
B4DQA0 -0.279 0.363 0.757 [0.372 to 1.54] 0.44 0.8 8.97 8.92 1.01 
B4E0X1 0.259 0.32 1.3 [0.692 to 2.43] 0.42 0.8 9.29 9.34 0.99 
B4E1C2 -0.438 0.351 0.645 [0.324 to 1.28] 0.21 0.8 11.81 11.73 1.01 
B4E1D8 -0.687 0.422 0.503 [0.22 to 1.15] 0.1 0.8 11.52 11.42 1.01 
B4E1Z4 -0.284 0.419 0.753 [0.331 to 1.71] 0.5 0.8 12.33 12.29 1.00 
B7Z539 -0.309 0.271 0.735 [0.432 to 1.25] 0.25 0.8 9.05 8.95 1.01 
B7Z550 -0.667 0.453 0.513 [0.211 to 1.25] 0.14 0.8 10.30 10.22 1.01 
B7Z8Q2 -0.0878 0.347 0.916 [0.464 to 1.81] 0.8 0.88 11.37 11.36 1.00 
B7ZKJ8 0.153 0.402 1.17 [0.529 to 2.56] 0.7 0.87 12.26 12.28 1.00 
C0JYY2 -0.0931 0.374 0.911 [0.438 to 1.9] 0.8 0.88 13.70 13.68 1.00 
C9JF17 -0.385 0.336 0.68 [0.352 to 1.31] 0.25 0.8 9.39 9.31 1.01 
CON__ENSEM
BL.ENSBTAP00
000024466 

0.125 0.303 1.13 [0.625 to 2.05] 0.68 0.87 9.06 9.09 1.00 

CON__P00761 0.0448 0.54 1.05 [0.363 to 3.01] 0.93 0.95 8.61 8.62 1.00 
CON__P02768
.1 0.0557 0.216 1.06 [0.692 to 1.62] 0.8 0.88 12.97 13.00 1.00 

D3DQX7 0.205 0.2 1.23 [0.83 to 1.82] 0.3 0.8 9.72 9.84 0.99 
D3GKD8 0.242 0.243 1.27 [0.791 to 2.05] 0.32 0.8 9.36 9.45 0.99 
D3JV41 -0.169 0.249 0.845 [0.518 to 1.38] 0.5 0.8 9.39 9.33 1.01 
D9IWP9 -0.371 0.312 0.69 [0.374 to 1.27] 0.23 0.8 10.79 10.70 1.01 
D9ZGG2 0.0727 0.424 1.08 [0.468 to 2.47] 0.86 0.92 11.07 11.08 1.00 



 

E9KL23 0.134 0.25 1.14 [0.701 to 1.87] 0.59 0.84 9.72 9.77 0.99 
E9KL26 0.2 0.399 1.22 [0.559 to 2.67] 0.62 0.86 11.86 11.89 1.00 
E9KL36 -0.242 0.39 0.785 [0.365 to 1.69] 0.53 0.81 11.03 11.00 1.00 
E9PFZ2 -0.0782 0.186 0.925 [0.642 to 1.33] 0.67 0.87 9.44 9.39 1.01 
G3XAM2 -0.105 0.429 0.901 [0.388 to 2.09] 0.81 0.88 10.66 10.65 1.00 
H0YAC1 -0.454 0.388 0.635 [0.297 to 1.36] 0.24 0.8 10.63 10.56 1.01 
I3L145 -0.31 0.372 0.733 [0.354 to 1.52] 0.4 0.8 10.01 9.96 1.01 
J3QQR8 0.714 0.415 2.04 [0.905 to 4.61] 0.085 0.8 8.43 8.54 0.99 
K7ER74 0.0952 0.277 1.1 [0.639 to 1.89] 0.73 0.87 9.91 9.94 1.00 
K7ERI9 -0.0294 0.254 0.971 [0.59 to 1.6] 0.91 0.93 9.36 9.35 1.00 
L7UYB8 0.709 0.377 2.03 [0.97 to 4.26] 0.06 0.8 9.13 9.26 0.99 
O00391 -0.176 0.418 0.839 [0.369 to 1.9] 0.67 0.87 8.54 8.51 1.00 
O14791 -0.243 0.284 0.784 [0.45 to 1.37] 0.39 0.8 9.73 9.66 1.01 
O43866 -0.211 0.315 0.81 [0.437 to 1.5] 0.5 0.8 9.26 9.21 1.01 
O75636 0.375 0.394 1.46 [0.673 to 3.15] 0.34 0.8 10.18 10.23 0.99 
O75882 -0.0566 0.434 0.945 [0.403 to 2.21] 0.9 0.93 10.05 10.04 1.00 
P00734 -0.294 0.401 0.745 [0.339 to 1.64] 0.46 0.8 11.83 11.78 1.00 
P00738 -0.197 0.176 0.822 [0.582 to 1.16] 0.26 0.8 12.54 12.39 1.01 
P00739 -0.106 0.288 0.899 [0.511 to 1.58] 0.71 0.87 10.16 10.13 1.00 
P00747 -0.472 0.328 0.624 [0.328 to 1.19] 0.15 0.8 11.35 11.24 1.01 
P01023 -0.0826 0.285 0.921 [0.526 to 1.61] 0.77 0.88 13.93 13.90 1.00 
P01031 -0.0411 0.404 0.96 [0.435 to 2.12] 0.92 0.94 12.04 12.03 1.00 
P01591 -0.0822 0.268 0.921 [0.545 to 1.56] 0.76 0.88 8.94 8.92 1.00 
P01742 0.224 0.264 1.25 [0.745 to 2.1] 0.4 0.8 8.16 8.23 0.99 
P01861 0.309 0.252 1.36 [0.831 to 2.23] 0.22 0.8 8.83 8.95 0.99 
P01871 0.124 0.227 1.13 [0.726 to 1.76] 0.59 0.83 11.61 11.67 1.00 
P02671 0.269 0.264 1.31 [0.781 to 2.19] 0.31 0.8 12.11 12.20 0.99 
P02741 0.575 0.206 1.78 [1.19 to 2.66] 0.0052 0.4 10.01 10.38 0.96 
P02750 0.409 0.351 1.51 [0.757 to 2.99] 0.24 0.8 11.16 11.24 0.99 
P02760 -0.286 0.399 0.751 [0.344 to 1.64] 0.47 0.8 10.97 10.92 1.00 
P02774 0.00861 0.334 1.01 [0.524 to 1.94] 0.98 0.98 9.46 9.46 1.00 
P02790 -0.221 0.301 0.802 [0.445 to 1.45] 0.46 0.8 12.29 12.24 1.00 
P03951 -0.312 0.491 0.732 [0.28 to 1.92] 0.53 0.8 8.57 8.54 1.00 
P04040 0.264 0.345 1.3 [0.662 to 2.56] 0.45 0.8 9.23 9.28 0.99 
P04070 -0.375 0.434 0.687 [0.294 to 1.61] 0.39 0.8 8.26 8.22 1.01 
P04275 0.941 0.372 2.56 [1.24 to 5.31] 0.011 0.53 10.07 10.25 0.98 
P04430 0.233 0.275 1.26 [0.736 to 2.16] 0.4 0.8 8.73 8.80 0.99 
P04433 0.177 0.228 1.19 [0.764 to 1.87] 0.44 0.8 8.50 8.58 0.99 
P05109 0.743 0.254 2.1 [1.28 to 3.46] 0.0034 0.4 8.74 9.08 0.96 
P05543 -0.128 0.364 0.88 [0.431 to 1.8] 0.72 0.87 10.61 10.59 1.00 
P05546 -0.6 0.293 0.549 [0.309 to 0.974] 0.04 0.8 10.46 10.28 1.02 
P06312 0.122 0.211 1.13 [0.747 to 1.71] 0.56 0.82 7.73 7.79 0.99 
P06331 0.144 0.195 1.16 [0.788 to 1.69] 0.46 0.8 8.47 8.56 0.99 
P06396 -0.189 0.394 0.828 [0.382 to 1.79] 0.63 0.87 11.16 11.14 1.00 
P06681 -0.0804 0.414 0.923 [0.41 to 2.08] 0.85 0.9 9.47 9.46 1.00 
P06702 0.732 0.256 2.08 [1.26 to 3.44] 0.0043 0.4 9.93 10.26 0.97 
P06727 0.435 0.315 1.54 [0.834 to 2.86] 0.17 0.8 11.77 11.87 0.99 
P07195 0.385 0.428 1.47 [0.634 to 3.4] 0.37 0.8 9.17 9.21 0.99 
P07225 -0.597 0.457 0.551 [0.225 to 1.35] 0.19 0.8 9.58 9.51 1.01 
P07357 -0.635 0.402 0.53 [0.241 to 1.17] 0.11 0.8 9.83 9.73 1.01 



 

P07360 -0.554 0.457 0.575 [0.235 to 1.41] 0.23 0.8 9.42 9.36 1.01 
P07996 -0.284 0.313 0.753 [0.407 to 1.39] 0.37 0.8 9.95 9.88 1.01 
P08697 0.0201 0.388 1.02 [0.477 to 2.18] 0.96 0.97 11.24 11.24 1.00 
P09871 -0.158 0.404 0.854 [0.387 to 1.88] 0.7 0.87 10.53 10.51 1.00 
P0C0L4 0.218 0.329 1.24 [0.653 to 2.37] 0.51 0.8 10.29 10.34 1.00 
P0C0L5 0.148 0.371 1.16 [0.56 to 2.4] 0.69 0.87 13.11 13.14 1.00 
P0DOX2 0.437 0.256 1.55 [0.937 to 2.56] 0.088 0.8 8.69 8.85 0.98 
P0DOX3 0.0926 0.248 1.1 [0.675 to 1.78] 0.71 0.87 9.69 9.72 1.00 
P0DOX7 0.117 0.239 1.12 [0.703 to 1.8] 0.63 0.87 9.16 9.21 0.99 
P0DP02 0.395 0.323 1.48 [0.788 to 2.8] 0.22 0.8 7.53 7.62 0.99 
P0DP08 0.0434 0.313 1.04 [0.566 to 1.93] 0.89 0.93 8.28 8.29 1.00 
P0DP09 0.136 0.214 1.15 [0.753 to 1.74] 0.53 0.8 8.03 8.10 0.99 
P10643 0.352 0.405 1.42 [0.642 to 3.15] 0.39 0.8 11.49 11.54 1.00 
P10909 -0.253 0.344 0.777 [0.396 to 1.52] 0.46 0.8 10.60 10.55 1.00 
P13671 -0.581 0.369 0.56 [0.271 to 1.15] 0.12 0.8 10.89 10.79 1.01 
P15169 -0.13 0.442 0.878 [0.369 to 2.09] 0.77 0.88 10.04 10.03 1.00 
P18065 0.188 0.31 1.21 [0.657 to 2.22] 0.54 0.81 8.51 8.56 0.99 
P19652 0.4 0.295 1.49 [0.837 to 2.66] 0.18 0.8 11.01 11.12 0.99 
P19827 -0.424 0.378 0.655 [0.312 to 1.37] 0.26 0.8 11.39 11.31 1.01 
P20851 -0.869 0.421 0.419 [0.184 to 0.956] 0.039 0.8 9.81 9.69 1.01 
P22792 0.333 0.446 1.4 [0.582 to 3.35] 0.46 0.8 10.51 10.54 1.00 
P23142 -0.135 0.417 0.874 [0.386 to 1.98] 0.75 0.88 8.49 8.48 1.00 
P27169 -0.109 0.312 0.897 [0.487 to 1.65] 0.73 0.87 10.32 10.29 1.00 
P35858 -0.0574 0.385 0.944 [0.444 to 2.01] 0.88 0.92 8.54 8.53 1.00 
P36980 -0.237 0.383 0.789 [0.373 to 1.67] 0.54 0.81 8.54 8.53 1.00 
P43251 -0.126 0.422 0.882 [0.385 to 2.02] 0.77 0.88 9.21 9.19 1.00 
P43652 -0.0571 0.371 0.944 [0.456 to 1.96] 0.88 0.92 10.92 10.91 1.00 
P51884 0.0573 0.389 1.06 [0.494 to 2.27] 0.88 0.92 10.68 10.69 1.00 
P68871 0.0721 0.24 1.07 [0.672 to 1.72] 0.76 0.88 11.96 11.99 1.00 
Q04756 -0.161 0.373 0.852 [0.41 to 1.77] 0.67 0.87 9.19 9.17 1.00 
Q06033 0.501 0.435 1.65 [0.703 to 3.88] 0.25 0.8 10.76 10.82 0.99 
Q0KKI6 0.234 0.186 1.26 [0.877 to 1.82] 0.21 0.8 7.97 8.13 0.98 
Q0ZCG4 0.112 0.271 1.12 [0.658 to 1.9] 0.68 0.87 7.60 7.63 1.00 
Q0ZCH9 0.334 0.255 1.4 [0.847 to 2.3] 0.19 0.8 9.03 9.15 0.99 
Q1KLZ0 0.36 0.288 1.43 [0.815 to 2.52] 0.21 0.8 10.51 10.61 0.99 
Q53GN8 -0.617 0.388 0.54 [0.252 to 1.15] 0.11 0.8 8.77 8.67 1.01 
Q53GU8 0.487 0.419 1.63 [0.716 to 3.7] 0.25 0.8 9.04 9.11 0.99 
Q53H26 -0.0847 0.198 0.919 [0.624 to 1.35] 0.67 0.87 12.15 12.10 1.00 
Q5CAQ5 0.197 0.335 1.22 [0.631 to 2.35] 0.56 0.82 8.32 8.36 1.00 
Q5JVE7 -0.581 0.395 0.559 [0.258 to 1.21] 0.14 0.8 9.22 9.13 1.01 
Q5NV88 0.36 0.275 1.43 [0.836 to 2.46] 0.19 0.8 7.77 7.88 0.99 
Q5NV90 0.222 0.233 1.25 [0.791 to 1.97] 0.34 0.8 7.92 8.02 0.99 
Q5NV92 0.148 0.284 1.16 [0.664 to 2.02] 0.6 0.84 7.82 7.87 0.99 
Q5T619 0.433 0.288 1.54 [0.876 to 2.71] 0.13 0.8 7.80 7.93 0.98 
Q5VY30 -0.344 0.335 0.709 [0.368 to 1.37] 0.3 0.8 10.55 10.48 1.01 
Q6GMX0 0.131 0.406 1.14 [0.515 to 2.53] 0.75 0.88 7.56 7.57 1.00 
Q6GMX6 0.323 0.26 1.38 [0.829 to 2.3] 0.21 0.8 8.97 9.08 0.99 
Q6LAM1 -0.429 0.404 0.651 [0.295 to 1.44] 0.29 0.8 8.51 8.45 1.01 
Q6N089 0.249 0.282 1.28 [0.738 to 2.23] 0.38 0.8 8.49 8.56 0.99 
Q6N093 0.131 0.221 1.14 [0.739 to 1.76] 0.55 0.82 9.99 10.06 0.99 



 

Q6NS95 0.198 0.214 1.22 [0.801 to 1.86] 0.35 0.8 9.53 9.63 0.99 
Q6PIL8 0.22 0.203 1.25 [0.837 to 1.85] 0.28 0.8 11.48 11.60 0.99 
Q86TT1 0.361 0.246 1.44 [0.887 to 2.32] 0.14 0.8 8.42 8.57 0.98 
Q86U78 0.818 0.372 2.27 [1.09 to 4.7] 0.028 0.8 11.60 11.76 0.99 
Q8N355 0.225 0.201 1.25 [0.845 to 1.86] 0.26 0.8 11.35 11.48 0.99 
Q8N5F4 0.291 0.219 1.34 [0.87 to 2.06] 0.18 0.8 8.47 8.62 0.98 
Q8TCF0 0.431 0.329 1.54 [0.808 to 2.93] 0.19 0.8 9.13 9.23 0.99 
Q96K68 0.22 0.234 1.25 [0.787 to 1.97] 0.35 0.8 10.67 10.76 0.99 
Q96PD5 -0.37 0.35 0.691 [0.348 to 1.37] 0.29 0.8 10.35 10.28 1.01 
Q96SA9 0.203 0.236 1.23 [0.772 to 1.95] 0.39 0.8 9.64 9.73 0.99 
Q9NPP6 0.137 0.192 1.15 [0.787 to 1.67] 0.48 0.8 7.75 7.84 0.99 
Q9NSD6 0.111 0.236 1.12 [0.704 to 1.78] 0.64 0.87 8.11 8.16 0.99 
Q9NZP8 -0.173 0.393 0.841 [0.39 to 1.82] 0.66 0.87 9.06 9.03 1.00 
Q9UL70 0.448 0.286 1.57 [0.894 to 2.74] 0.12 0.8 8.27 8.40 0.98 
Q9UL78 0.141 0.228 1.15 [0.736 to 1.8] 0.54 0.81 8.50 8.56 0.99 
Q9UL83 0.217 0.233 1.24 [0.786 to 1.96] 0.35 0.8 8.76 8.85 0.99 
Q9UL90 0.108 0.195 1.11 [0.76 to 1.63] 0.58 0.83 8.78 8.84 0.99 
Q9UPN9 0.147 0.23 1.16 [0.738 to 1.82] 0.52 0.8 8.20 8.27 0.99 
S6AWF4 0.136 0.205 1.15 [0.767 to 1.71] 0.51 0.8 7.69 7.77 0.99 
S6BAM6 0.198 0.229 1.22 [0.779 to 1.91] 0.39 0.8 7.99 8.08 0.99 
S6BGD6 0.311 0.218 1.37 [0.89 to 2.09] 0.15 0.8 7.93 8.09 0.98 
S6BGE0 0.129 0.195 1.14 [0.777 to 1.67] 0.51 0.8 8.29 8.37 0.99 
S6BGF5 0.127 0.179 1.14 [0.799 to 1.61] 0.48 0.8 7.70 7.79 0.99 
V9GYM3 -0.468 0.272 0.626 [0.367 to 1.07] 0.086 0.8 11.08 10.92 1.01 
V9HVY1 0.215 0.261 1.24 [0.744 to 2.07] 0.41 0.8 12.14 12.21 0.99 
V9HVZ4 0.53 0.35 1.7 [0.856 to 3.37] 0.13 0.8 8.69 8.79 0.99 
V9HW21 0.0771 0.269 1.08 [0.637 to 1.83] 0.77 0.88 8.66 8.68 1.00 
V9HW68 0.123 0.188 1.13 [0.783 to 1.63] 0.51 0.8 8.90 8.98 0.99 
V9HWA9 -0.473 0.383 0.623 [0.294 to 1.32] 0.22 0.8 13.89 13.81 1.01 
V9HWD8 -0.183 0.408 0.833 [0.374 to 1.85] 0.65 0.87 11.51 11.49 1.00 
V9HWE3 -0.109 0.302 0.897 [0.496 to 1.62] 0.72 0.87 10.08 10.05 1.00 
V9HWF6 0.552 0.302 1.74 [0.961 to 3.14] 0.068 0.8 12.37 12.52 0.99 
V9HWI1 0.277 0.398 1.32 [0.604 to 2.88] 0.49 0.8 7.94 7.98 0.99 
V9HWI6 -0.0739 0.361 0.929 [0.458 to 1.88] 0.84 0.9 12.48 12.47 1.00 
V9HWJ7 0.799 0.416 2.22 [0.984 to 5.03] 0.055 0.8 9.08 9.19 0.99 
V9HWN7 0.447 0.38 1.56 [0.742 to 3.29] 0.24 0.8 8.93 9.01 0.99 
V9HWP0 -0.00349 0.277 0.997 [0.579 to 1.71] 0.99 0.99 9.83 9.83 1.00 

 
 
 
  



 

 
 
Table S4. Healthy non-stunted community subjects. 
 

 

Health 
community 

(HC) subjects 
Anthropometric 
Features   
Age (months), mean± sd 37.1 ± 13.3  
MUAC (cm), mean± sd 15.2 ± 1.6  
WHZ, mean± sd 0.4 ± 2.3  
WAZ, mean± sd -0.5 ± 1.7  
HAZ, mean± sd -1.3 ± 0.7  
BMIZ, mean± sd -0.2 ± 0.0  

 
MUAC = mid-upper arm circumference, WHZ = weight for height z score, WAZ = weight for age z score, HAZ 
= height for age z score, BMIZ = body mass index z score, sd = standard deviation.  

 
  



 

Table S5. Cytokines and chemokines measured. 
 

Protein Alias Name Official Symbol 
EGF epidermal growth factor EGF 
Eotaxin chemokine (C-C motif) ligand 11 CCL11 
GCSF colony stimulating factor 3 (granulocyte) CSF3 
GMCSF colony stimulating factor 2 (granulocyte-macrophage) CSF2 
IFNα2 interferon, alpha 2 IFNA2 
IFNγ interferon, gamma IFNG 
IL10 interleukin 10 IL10 
IL12p40 interleukin 12B (40kDa subunit of IL12) IL12B 
IL12p70 interleukin 12 (active heterodimer of IL12A and IL12B) IL12A and B 
IL13 interleukin 13 IL13 
IL15 interleukin 15 IL15 
IL17A interleukin 17A IL17A 
IL1RA interleukin 1 receptor antagonist  IL1RN 
IL1α interleukin 1, alpha IL1A 
IL1β interleukin 1, beta IL1B 
IL2 interleukin 2 IL2 
IL3 interleukin 3 IL3 
IL4 interleukin 4 IL4 
IL5 interleukin 5 IL5 
IL6 interleukin 6 IL6 
IL7 interleukin 7 IL7 
IL8 interleukin 8 IL8 
IP10 chemokine (C-X-C motif) ligand 10 IP10 
MCP1 chemokine (C-C motif) ligand 2 CCL2 
MIP1α chemokine (C-C motif) ligand 3 CCL3  
MIP1β  chemokine (C-C motif) ligand 4 CCL4 
TNFα tumor necrosis factor  TNF 
TNFβ lymphotoxin alpha LTA 
VEGF vascular endothelial growth factor  VEGF 
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