
Supplementary Table S1. Longitudinal trajectory analysis: Associations of all 376 individual cord metabolites 

with child BMI trajectory groups (early-OWO, late-OWO and NW-B as compared to NW-A) from multinomial 

logistic regression model results. 

 

(Table attached as one Excel file) 

 

*Rows are metabolites ordered based on FDR of Early-OWO vs. NW-A comparison. 

  



Supplementary Table S2. Longitudinal trajectory analysis: Color assignment for cord metabolites modules. 

Hierarchical clustering and WGCNA package were applied to group cord metabolites based on correlation 

between metabolite pairs and assigned colors to each module. The 376 metabolites were ordered in the same 

way as they were in the heatmaps. 

 

(Table attached as one Excel file) 

 

*Metabolites within the grey module are considered as those that are not assigned to a certain module by the 

WGCNA package, and thus excluded from the analysis in Table 2. 

 

  



Supplementary Table S3. Longitudinal trajectory analysis: Associations of individual cord metabolites within 

each significant module (as identified in Table 2 with p-value≤0.05 for either comparison) with child BMI 

trajectory groups (early-OWO and late-OWO as compared to NW) from multinomial logistic regression model 

results. All 68 metabolites in the 2 metabolite modules identified in Table 2 are shown here. 

 

(Table attached as one Excel file) 

 

*Rows (metabolites) are ordered based on FDR of Early-OWO vs. NW comparison. 

*FDR accounts for multiple hypothesis testing across all 68 metabolites in the 2 candidate metabolite modules 

identified in Table 2. 

  



Supplementary Table S4. Longitudinal trajectory analysis: Associations of all 376 individual cord metabolites 

with child BMI trajectory groups (early-OWO and late-OWO as compared to NW-A) from multinomial logistic 

regression model results. 

 

(Table attached as one Excel file) 

 

*Rows (metabolites) are ordered based on FDR of Early-OWO vs. NW comparison. 

  



Supplementary Table S5. Longitudinal trajectory analysis - sensitivity analysis: Associations of cord 

metabolite modules (as defined based on correlation between metabolite pairs) with child BMI trajectory groups 

(early-OWO and late-OWO as compared to NW) from multinomial logistic regression model results with 

interaction term between sex and metabolite modules. 

 

Metabolite 

module 

Early-OWO vs. NW Late-OWO vs. NW 
LRT p-

value 

LRT 

FDRb 
Odds ratio (95% CI) 

Interaction 

term p-value 

Interaction 

term FDRb Odds ratio (95% CI) 
Interaction 

term p-value 

Interaction 

term FDRb 

brown 0.98 (0.94, 1.03) 0.189 0.499 0.94 (0.90, 0.99) 0.225 0.529 0.009 0.06 

red 0.97 (0.92, 1.03) 0.214 0.499 0.96 (0.91, 1.02) 0.798 0.798 0.044 0.152 

black 0.98 (0.92, 1.04) 0.74 0.86 0.93 (0.87, 1.00) 0.227 0.529 0.175 0.359 

green 0.99 (0.95, 1.05) 0.137 0.499 1.02 (0.97, 1.08) 0.631 0.749 0.205 0.359 

blue 0.99 (0.95, 1.02) 0.334 0.585 1.01 (0.98, 1.05) 0.642 0.749 0.592 0.719 

turquoise 1.01 (0.97, 1.04) 0.782 0.86 1.03 (0.99, 1.06) 0.14 0.529 0.616 0.719 

yellow 1.02 (0.97, 1.08) 0.86 0.86 1.02 (0.96, 1.08) 0.555 0.749 0.793 0.793 

 
aRows (metabolite modules) are ordered based on FDR for the likelihood ratio test. 
bFDR accounts for multiple hypothesis testing across all 6 metabolite modules. 

 

 

 

  



Supplementary Table S6. Longitudinal trajectory analysis - sensitivity analysis: Associations of individual 

cord metabolites within each significant module (as identified in Table 2 with p-value≤0.05 for either 

comparison) with child BMI trajectory groups (early-OWO and late-OWO as compared to NW) from 

multinomial logistic regression model results with an interaction term between sex and metabolite intensity. All 

68 metabolites in the 2 metabolite modules identified in Supplementary Table 5 are shown here. 

 

(Table attached as one Excel file) 

 

*Rows (metabolite) are ordered based on FDR for the likelihood ratio test. 

*FDR accounts for multiple hypothesis testing across all 68 metabolites in the 2 candidate metabolite modules 

identified in Supplementary Table 5. 



Supplementary Table S7. Time-window specific analysis: Summary of time-window specific linear regression 

models’ results for BMI. Rows are 376 cord metabolites ordered by metabolite types and columns are 

metabolites’ standardized effect size for females and males, FDR for the sex*metabolite interaction term, and 

FDR for the LRT from the models for each of the 36 time-windows. 

 

(Table attached as one Excel file) 

 



Supplementary Table S8. Time-window specific analysis: Summary of time-window specific linear regression 

models’ results for BMI. Rows are 7 metabolite modules and columns are metabolite modules’ standardized 

effect size for females and males, FDR for the sex*module interaction term, and FDR for the LRT from the 

models for each of the 36 time-windows. 

 

(Table attached as one Excel file) 

  



Supplementary Table S9. Time-window specific analysis - sensitivity analysis further adjusted for cesarean 

section: Summary of time-window specific linear regression models’ results for BMI. Rows are 376 cord 

metabolites ordered by metabolite types and columns are metabolites’ standardized effect size for females and 

males, FDR for the sex*metabolite interaction term, and FDR for the LRT from the models for each of the 36 

time-windows. 

 

(Table attached as one Excel file) 



Supplementary Table S10. Time-window specific analysis - sensitivity analysis further adjusted for 

breastfeeding: Summary of time-window specific linear regression models’ results for BMI. Rows are 376 cord 

metabolites ordered by metabolite types and columns are metabolites’ standardized effect size for females and 

males, FDR for the sex*metabolite interaction term, and FDR for the LRT from the models for each of the 36 

time-windows. 

 

(Table attached as one Excel file) 

 



Supplementary Table S11. Time-window specific analysis - sensitivity analysis further adjusted for 

birthweight: Summary of time-window specific linear regression models’ results for BMI. Rows are 376 cord 

metabolites ordered by metabolite types and columns are metabolites’ standardized effect size for females and 

males, FDR for the sex*metabolite interaction term, and FDR for the LRT from the models for each of the 36 

time-windows. 

 

(Table attached as one Excel file) 

 



 

 
Supplementary Figure S1. Longitudinal trajectory analysis: Plot of PC2 vs. PC1 for 946 subjects colored by k-

means clustering result. Children in cluster 1 (n = 642) are separated from children in cluster 2 (n = 304) based 

on PC1. Zero value of PC2 is used to further divide children into 4 groups: K-means cluster 1 and positive PC2 

(n=388) group denoted as “early-OWO”, K-means cluster 1 + negative PC2 (n=254) group denoted as “late-

OWO”, K-means cluster 2 and positive PC2 (n=186) group denoted as “NW-A”, and K-means cluster 2 and 

negative PC2 (n=118) group denoted as “NW-B”. 

 

  



 
Supplementary Figure S2. Longitudinal trajectory analysis - sensitivity analysis: Heatmap of the effect size of 

metabolites on BMI trajectory (4 groups) for females (first 3 columns) and males (last 3 columns) respectively 

on the horizontal axis. The vertical axis represents the 376 metabolites which are ordered based on metabolite 

types. The effect size of the association between each metabolite and child BMI trajectory is the beta coefficient 

from the multinormal logistic regression (reference group is NW-A, i.e. the purple line in Figure 1B) with the 

sex*metabolite interaction term. The color scheme for effect size is continuous such that red and blue indicates 

positive and negative association respectively. The intensity of the color represents the magnitude of the 

association. 

 

Multinomial logistic regression effect size for females and males

Early−OWO Late−OWO NW−B Early−OWO Late−OWO NW−B 

C42:0 TAG                      
C44:2 TAG                      
C44:1 TAG                      
C44:0 TAG                      
C45:2 TAG                      
C45:1 TAG                      
C45:0 TAG                      
C46:4 TAG                      
C46:3 TAG                      
C46:2 TAG                      
C46:1 TAG                      
C46:0 TAG                      
C47:2 TAG                      
C47:1 TAG                      
C47:0 TAG                      
C48:5 TAG                      
C48:4 TAG                      
C48:3 TAG                      
C48:2 TAG                      
C48:1 TAG                      
C48:0 TAG                      
C49:3 TAG                      
C49:2 TAG                      
C50:6 TAG                      
C50:5 TAG                      
C50:4 TAG                      
C50:3 TAG                      
C50:2 TAG                      
C50:1 TAG                      
C50:0 TAG                      
C51:3 TAG                      
C51:1 TAG                      
C51:0 TAG                      
C52:7 TAG                      
C52:6 TAG                      
C52:5 TAG                      
C52:4 TAG                      
C52:3 TAG                      
C52:2 TAG                      
C52:1 TAG                      
C52:0 TAG                      
C53:3 TAG                      
C53:2 TAG                      
C54:9 TAG                      
C54:8 TAG                      
C54:7 TAG                      
C54:6 TAG                      
C54:5 TAG                      
C54:4 TAG                      
C54:3 TAG                      
C54:2 TAG                      
C54:1 TAG                      
C55:3 TAG                      
C55:2 TAG                      

C56:10 TAG                      
C56:9 TAG                      
C56:8 TAG                      
C56:7 TAG                      
C56:6 TAG                      
C56:5 TAG                      
C56:4 TAG                      
C56:3 TAG                      
C56:2 TAG                      
C56:1 TAG                      

C58:11 TAG                      
C58:10 TAG                      

C58:9 TAG                      
C58:8 TAG                      
C58:7 TAG                      
C58:6 TAG                      

C60:12 TAG                      
C32:1 PE                      
C32:0 PE                      
C34:2 PE                      
C34:0 PE                      
C36:4 PE                      
C36:3 PE                      
C36:2 PE                      
C36:1 PE                      
C36:0 PE                      
C38:6 PE                      
C38:5 PE                      
C38:4 PE                      
C38:2 PE                      
C40:6 PE                      

C34:2 PE plasmalogen                      
C36:5 PE plasmalogen                      
C36:3 PE plasmalogen                      
C36:2 PE plasmalogen                      
C36:1 PE plasmalogen                      
C38:7 PE plasmalogen                      
C38:6 PE plasmalogen                      
C38:5 PE plasmalogen                      
C40:7 PE plasmalogen                      

C44:13 PE plasmalogen                      
C34:3 PE plasmalogen                      
C36:2 PS plasmalogen                      

C30:1 PC                      
C30:0 PC                      
C32:2 PC                      
C32:1 PC                      
C32:0 PC                      
C34:4 PC                      
C34:3 PC                      
C34:2 PC                      
C34:1 PC                      
C34:0 PC                      
C36:4 PC                      

C36:4 hydroxy−PC                      
C36:3 PC                      
C36:2 PC                      
C36:1 PC                      
C36:0 PC                      
C38:6 PC                      
C38:4 PC                      
C38:3 PC                      
C38:2 PC                      

C40:10 PC                      
C40:9 PC                      
C40:6 PC                      

C34:3 PC plasmalogen                      
C34:2 PC plasmalogen                      
C34:1 PC plasmalogen                      
C36:5 PC plasmalogen                      
C36:4 PC plasmalogen                      
C36:3 PC plasmalogen                      
C36:2 PC plasmalogen                      
C36:1 PC plasmalogen                      
C38:7 PC plasmalogen                      
C38:6 PC plasmalogen                      
C38:4 PC plasmalogen                      
C40:7 PC plasmalogen                      

C16:1 LPE                      
C16:0 LPE                      
C18:2 LPE                      
C18:1 LPE                      
C18:0 LPE                      
C20:4 LPE                      
C20:0 LPE                      
C22:6 LPE                      
C22:0 LPE                      
C18:3 LPE                      

C18:0 LPE A                      
C18:0 LPE B                      

C20:1 LPE                      
C14:0 LPC                      
C16:1 LPC                      
C16:0 LPC                      
C18:3 LPC                      
C18:2 LPC                      
C18:1 LPC                      
C18:0 LPC                      
C20:5 LPC                      
C20:4 LPC                      
C22:6 LPC                      
C20:3 LPC                      
C20:1 LPC                      
C22:5 LPC                      
C22:4 LPC                      
C24:0 LPC                      

C16:1 LPC plasmalogen                      
C18:1 LPC plasmalogen                      

C14:0 SM                      
C16:1 SM                      
C16:0 SM                      
C18:1 SM                      
C18:0 SM                      
C20:0 SM                      
C22:1 SM                      
C22:0 SM                      
C24:1 SM                      
C24:0 SM                      

C30:0 DAG                      
C34:3 DAG                      
C34:2 DAG                      
C34:1 DAG                      
C36:4 DAG                      
C36:3 DAG                      
C36:2 DAG                      
C38:5 DAG                      
C38:4 DAG                      

C14:0 CE                      
C16:1 CE                      
C16:0 CE                      
C18:3 CE                      
C18:2 CE                      
C18:1 CE                      
C18:0 CE                      
C20:5 CE                      
C20:4 CE                      
C20:3 CE                      
C22:6 CE                      
C22:5 CE                      
C34:2 PI                      
C36:4 PI                      
C38:4 PI                      

C16:0 Cer amide (d18:1)                      
C22:0 Cer amide (d18:1)                      
C24:0 Cer amide (d18:1)                      
C24:1 Cer amide (d18:1)                      
4−acetamidob utanoate                      
linoleo yl ethanolamide                      

myristoleate                      
myristoleic acid                      

sphingosine                      
cholesterol                      

alpha−glycerophosphocholine                      
sphingosine A                      
sphingosine B                      
sphingosine C                      

sphinganine                      
2−aminoheptanoic acid                      
2−aminoisob utyr ic acid                      

2−aminooctanoate                      
3−hydroxyanthranilic acid                      

3−methylhistidine                      
4−guanidinob utanoic acid                      

5−hydroxylysine                      
acetylglycine                      

ADMA                      
alanine                      

alloisoleucine                      
arginine                      

asparagine                      
aspar tate                      

betaine                      
C−glycosyltr yptophan                      

citrulline                      
creatine                      

creatinine                      
cystine                      

dimethylglycine                      
DMGV                      
GABA                      

gabapentin                      
glutamate                      
glutamine                      

glycine                      
guanidinoacetic acid                      

hippur ate                      
histidine                      

homoarginine                      
homocitr ulline                      
hydroxyproline                      

hypotaur ine                      
isoleucine                      

L−alpha−glutam yl−L−lysine                      
leucine                      

lysine                      
methionine                      

methionine sulf oxide                      
methylimidaz oleacetic acid                      

N1−acetylsper midine                      
N6−methyllysine                      

N6,N6−dimeth yllysine                      
N6,N6,N6−tr imethyllysine                      

N6−acetyllysine                      
N−acetylalanine                      

N−acetylaspar tic acid                      
N−acetylhistidine                      
N−acetylleucine                      

N−acetylmethionine                      
N−acetylor nithine                      

N−acetyltr yptophan                      
N−methylproline                      

ornithine                      
phenylacetylglutamine                      

phenylalanine                      
pipecolic acid                      

proline                      
SDMA                      
serine                      

serotonin                      
taur ine                      

threonine                      
thyroxine                      

tryptophan                      
tyrosine                      

urocanic acid                      
valine                      

1,7−dimeth ylur ic acid                      
1−methyladenosine                      

1−methylguanine                      
1−methylguanosine                      

5−acetylamino−6−amino−3−meth yluracil                      
6,8−dih ydroxypur ine                      

7−methylguanine                      
adenosine                      

allantoin                      
caffeine                      
cytosine                      
guanine                      

hypoxanthine                      
inosine                      

N2,N2−dimeth ylguanosine                      
N4−acetylcytidine                      

N−carbamo yl−beta−alanine                      
proline−betaine                      

pseudour idine                      
ribothymidine                      

urate                      
xanthine                      

xanthosine                      
C2 car nitine                      
C3 car nitine                      

C3−DC−CH3 car nitine                      
C4 car nitine                      

C4−OH car nitine                      
C5 car nitine                      

C5−DC car nitine                      
C6 car nitine                      
C7 car nitine                      
C8 car nitine                      

C10 car nitine                      
C12 car nitine                      

C12:1 car nitine                      
C14 car nitine                      

C14:1 car nitine                      
C14:2 car nitine                      

C16 car nitine                      
C18 car nitine                      

C18:1 car nitine                      
C18:2 car nitine                      

1−methylnicotinamide                      
biliverdin                      

N1−methyl−2−pyridone−5−carbo xamide                      
niacinamide                      

NMMA                      
pantothenate                      

thiamine                      
trigonelline                      

5−hydroxytryptophol                      
5−metho xytryptophol                      

indoleacetic acid                      
kynurenic acid                      

7−dehydrodesmosterol                      
21−deo xycor tisol                      

cortisol                      
cortisone                      
carnitine                      

choline                      
phosphocholine                      

3−methoxyanthranilate                      
anthranilic acid                      

glycocholate                      
glycodeo xycholate/glycochenodeo xycholate                      

cadaverine                      
putrescine                      

isoxanthopter in                      
pter in                      

palmito ylethanolamide                      
N−oleoylethanolamine                      

C14:1 MA G                      
campesterol                      

2−deoxyur idine                      
4−aminohippur ic acid                      

4−hydroxyhippur ate                      
4−pyridoxate                      

8−hydroxy−deoxyguanosine                      
acetyl−galactosamine                      

carnosine                      
cinnamo ylglycine                      
cyclohexylamine                      
diacetylsper mine                      

imidaz ole propionate                      
methyl N−meth ylanthr anilate                      

metronidaz ole                      
N−ethylglycine xylidide                      

trimethylamine−N−o xide                      
trimethylbenz ene                      

3−(N−acetyl−L−cystein−S−yl) acetaminophen                      
acetaminophen                      

acetaminophen glucuronide                      
cotinine                      

hydroxycotinine                      
piper ine                      
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Supplementary Figure S3. Time-window specific analysis: Scatter plot of the standardized effect size in males 

vs. females for BMI. The y=x lines are shown as reference in slanted dark red lines. 
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Supplementary Figure S4. Time-window specific analysis: Heatmap of cord metabolites’ effect size for 

females (Panel A) and males (Panel B) on BMI masked by non-significance of interaction term FDR. The 

vertical axis represents the 376 metabolites which are ordered based on metabolite types. Effect sizes are 

standardized by dividing the beta coefficient by the standard deviation of BMI for that sex at that time-window. 

The color scheme is continuous such that red and blue indicates positive and negative association respectively. 

The intensity of the color represents the magnitude of the association. The grey color indicates where there is no 

statistically significant difference between females’ and males’ effects of that metabolite at that age range 

(metabolite-by-sex interaction term FDR > 0.05). 

 

Standardized effect size in females: BMI

0 0
.2

0
.3

0
.5

0
.7

0
.8

1 1
.5

2 2
.5

3 3
.5

4 4
.5

5 5
.5

6 6
.5

7 7
.5

8 8
.5

9 9
.5

1
0

1
0

.5

1
1

1
1

.5

1
2

1
2

.5

1
3

1
3

.5

1
4

1
4

.5

1
5

1
6

C42:0 TAG                    
C44:2 TAG                    
C44:1 TAG                    
C44:0 TAG                    
C45:2 TAG                    
C45:1 TAG                    
C45:0 TAG                    
C46:4 TAG                    
C46:3 TAG                    
C46:2 TAG                    
C46:1 TAG                    
C46:0 TAG                    
C47:2 TAG                    
C47:1 TAG                    
C47:0 TAG                    
C48:5 TAG                    
C48:4 TAG                    
C48:3 TAG                    
C48:2 TAG                    
C48:1 TAG                    
C48:0 TAG                    
C49:3 TAG                    
C49:2 TAG                    
C50:6 TAG                    
C50:5 TAG                    
C50:4 TAG                    
C50:3 TAG                    
C50:2 TAG                    
C50:1 TAG                    
C50:0 TAG                    
C51:3 TAG                    
C51:1 TAG                    
C51:0 TAG                    
C52:7 TAG                    
C52:6 TAG                    
C52:5 TAG                    
C52:4 TAG                    
C52:3 TAG                    
C52:2 TAG                    
C52:1 TAG                    
C52:0 TAG                    
C53:3 TAG                    
C53:2 TAG                    
C54:9 TAG                    
C54:8 TAG                    
C54:7 TAG                    
C54:6 TAG                    
C54:5 TAG                    
C54:4 TAG                    
C54:3 TAG                    
C54:2 TAG                    
C54:1 TAG                    
C55:3 TAG                    
C55:2 TAG                    

C56:10 TAG                    
C56:9 TAG                    
C56:8 TAG                    
C56:7 TAG                    
C56:6 TAG                    
C56:5 TAG                    
C56:4 TAG                    
C56:3 TAG                    
C56:2 TAG                    
C56:1 TAG                    

C58:11 TAG                    
C58:10 TAG                    

C58:9 TAG                    
C58:8 TAG                    
C58:7 TAG                    
C58:6 TAG                    

C60:12 TAG                    
C32:1 PE                    
C32:0 PE                    
C34:2 PE                    
C34:0 PE                    
C36:4 PE                    
C36:3 PE                    
C36:2 PE                    
C36:1 PE                    
C36:0 PE                    
C38:6 PE                    
C38:5 PE                    
C38:4 PE                    
C38:2 PE                    
C40:6 PE                    

C34:2 PE plasmalogen                    
C36:5 PE plasmalogen                    
C36:3 PE plasmalogen                    
C36:2 PE plasmalogen                    
C36:1 PE plasmalogen                    
C38:7 PE plasmalogen                    
C38:6 PE plasmalogen                    
C38:5 PE plasmalogen                    
C40:7 PE plasmalogen                    

C44:13 PE plasmalogen                    
C34:3 PE plasmalogen                    
C36:2 PS plasmalogen                    

C30:1 PC                    
C30:0 PC                    
C32:2 PC                    
C32:1 PC                    
C32:0 PC                    
C34:4 PC                    
C34:3 PC                    
C34:2 PC                    
C34:1 PC                    
C34:0 PC                    
C36:4 PC                    

C36:4 hydroxy−PC                    
C36:3 PC                    
C36:2 PC                    
C36:1 PC                    
C36:0 PC                    
C38:6 PC                    
C38:4 PC                    
C38:3 PC                    
C38:2 PC                    

C40:10 PC                    
C40:9 PC                    
C40:6 PC                    

C34:3 PC plasmalogen                    
C34:2 PC plasmalogen                    
C34:1 PC plasmalogen                    
C36:5 PC plasmalogen                    
C36:4 PC plasmalogen                    
C36:3 PC plasmalogen                    
C36:2 PC plasmalogen                    
C36:1 PC plasmalogen                    
C38:7 PC plasmalogen                    
C38:6 PC plasmalogen                    
C38:4 PC plasmalogen                    
C40:7 PC plasmalogen                    

C16:1 LPE                    
C16:0 LPE                    
C18:2 LPE                    
C18:1 LPE                    
C18:0 LPE                    
C20:4 LPE                    
C20:0 LPE                    
C22:6 LPE                    
C22:0 LPE                    
C18:3 LPE                    

C18:0 LPE A                    
C18:0 LPE B                    

C20:1 LPE                    
C14:0 LPC                    
C22:6 LPC                    
C16:1 LPC                    
C16:0 LPC                    
C18:3 LPC                    
C18:2 LPC                    
C18:1 LPC                    
C18:0 LPC                    
C20:5 LPC                    
C20:4 LPC                    
C20:3 LPC                    
C20:1 LPC                    
C22:5 LPC                    
C22:4 LPC                    
C24:0 LPC                    

C16:1 LPC plasmalogen                    
C18:1 LPC plasmalogen                    

C14:0 SM                    
C16:1 SM                    
C16:0 SM                    
C18:1 SM                    
C18:0 SM                    
C20:0 SM                    
C22:1 SM                    
C22:0 SM                    
C24:1 SM                    
C24:0 SM                    

C30:0 DAG                    
C34:3 DAG                    
C34:2 DAG                    
C34:1 DAG                    
C36:4 DAG                    
C36:3 DAG                    
C36:2 DAG                    
C38:5 DAG                    
C38:4 DAG                    

C16:1 CE                    
C16:0 CE                    
C18:3 CE                    
C18:2 CE                    
C18:1 CE                    
C18:0 CE                    
C20:5 CE                    
C20:4 CE                    
C20:3 CE                    
C22:6 CE                    
C22:5 CE                    
C14:0 CE                    
C34:2 PI                    
C36:4 PI                    
C38:4 PI                    

C16:0 Cer amide (d18:1)                    
C22:0 Cer amide (d18:1)                    
C24:0 Cer amide (d18:1)                    
C24:1 Cer amide (d18:1)                    

linoleo yl ethanolamide                    
myristoleate                    

myristoleic acid                    
4−acetamidob utanoate                    

cholesterol                    
sphingosine                    

sphingosine A                    
sphingosine B                    
sphingosine C                    

sphinganine                    
alpha−glycerophosphocholine                    

isoleucine                    
L−alpha−glutam yl−L−lysine                    

leucine                    
lysine                    

methionine                    
methionine sulf oxide                    

methylimidaz oleacetic acid                    
N1−acetylsper midine                    

3−hydroxyanthranilic acid                    
N6−methyllysine                    

N6,N6−dimeth yllysine                    
N6,N6,N6−tr imethyllysine                    

N6−acetyllysine                    
N−acetylalanine                    

N−acetylaspar tic acid                    
N−acetylhistidine                    
N−acetylleucine                    

N−acetylmethionine                    
N−acetylor nithine                    

N−acetyltr yptophan                    
N−methylproline                    

ornithine                    
phenylacetylglutamine                    

phenylalanine                    
3−methylhistidine                    

pipecolic acid                    
proline                    
SDMA                    
serine                    

serotonin                    
taur ine                    

threonine                    
thyroxine                    

tryptophan                    
tyrosine                    

urocanic acid                    
valine                    

4−guanidinob utanoic acid                    
5−hydroxylysine                    

acetylglycine                    
ADMA                    

alanine                    
alloisoleucine                    

arginine                    
asparagine                    

aspar tate                    
betaine                    

C−glycosyltr yptophan                    
2−aminoheptanoic acid                    

citrulline                    
creatine                    

creatinine                    
cystine                    

2−aminoisob utyr ic acid                    
dimethylglycine                    

DMGV                    
GABA                    

gabapentin                    
glutamate                    
glutamine                    

glycine                    
guanidinoacetic acid                    

2−aminooctanoate                    
hippur ate                    
histidine                    

homoarginine                    
homocitr ulline                    
hydroxyproline                    

hypotaur ine                    
1,7−dimeth ylur ic acid                    

inosine                    
N2,N2−dimeth ylguanosine                    

N4−acetylcytidine                    
N−carbamo yl−beta−alanine                    

proline−betaine                    
pseudour idine                    
ribothymidine                    

urate                    
xanthine                    

xanthosine                    
1−methyladenosine                    

5−acetylamino−6−amino−3−meth yluracil                    
6,8−dih ydroxypur ine                    

7−methylguanine                    
1−methylguanine                    

adenosine                    
allantoin                    

1−methylguanosine                    
caffeine                    
cytosine                    
guanine                    

hypoxanthine                    
C2 car nitine                    
C3 car nitine                    

C3−DC−CH3 car nitine                    
C4 car nitine                    

C4−OH car nitine                    
C5 car nitine                    

C5−DC car nitine                    
C6 car nitine                    
C7 car nitine                    
C8 car nitine                    

C10 car nitine                    
C12 car nitine                    

C12:1 car nitine                    
C14 car nitine                    

C14:1 car nitine                    
C14:2 car nitine                    

C16 car nitine                    
C18 car nitine                    

C18:1 car nitine                    
C18:2 car nitine                    

N1−methyl−2−pyridone−5−carbo xamide                    
niacinamide                    

NMMA                    
pantothenate                    

thiamine                    
trigonelline                    

biliverdin                    
1−methylnicotinamide                    

indoleacetic acid                    
kynurenic acid                    

5−hydroxytryptophol                    
5−metho xytryptophol                    

7−dehydrodesmosterol                    
21−deo xycor tisol                    

cortisol                    
cortisone                    

phosphocholine                    
carnitine                    

choline                    
3−methoxyanthranilate                    

anthranilic acid                    
glycocholate                    

glycodeo xycholate/glycochenodeo xycholate                    
putrescine                    
cadaverine                    

isoxanthopter in                    
pter in                    

C14:1 MA G                    
campesterol                    

palmito ylethanolamide                    
N−oleoylethanolamine                    

2−deoxyur idine                    
methyl N−meth ylanthr anilate                    

metronidaz ole                    
N−ethylglycine xylidide                    

trimethylamine−N−o xide                    
trimethylbenz ene                    

4−aminohippur ic acid                    
4−hydroxyhippur ate                    

4−pyridoxate                    
8−hydroxy−deoxyguanosine                    

acetyl−galactosamine                    
carnosine                    

cinnamo ylglycine                    
cyclohexylamine                    
diacetylsper mine                    

imidaz ole propionate                    
3−(N−acetyl−L−cystein−S−yl) acetaminophen                    

piper ine                    
acetaminophen                    

acetaminophen glucuronide                    
cotinine                    

hydroxycotinine                    

Metabolite types

TAG

PE

PE_P

PC

PC_P

LPE

LPC

LPC_P

SM

DAG

CE

PI

Ceramide

FA

Other Lipids

AA

Nucleotide

AC

Cofactors and Vitamins

Indoles

Steroid

QA

Aminobenzoic

Bile Acids

Polyamines

Pterins

Others

Xenobiotics

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

Standardized effect size in males: BMI

0 0
.2

0
.3

0
.5

0
.7

0
.8

1 1
.5

2 2
.5

3 3
.5

4 4
.5

5 5
.5

6 6
.5

7 7
.5

8 8
.5

9 9
.5

1
0

1
0

.5

1
1

1
1

.5

1
2

1
2

.5

1
3

1
3

.5

1
4

1
4

.5

1
5

1
6

C42:0 TAG                    
C44:2 TAG                    
C44:1 TAG                    
C44:0 TAG                    
C45:2 TAG                    
C45:1 TAG                    
C45:0 TAG                    
C46:4 TAG                    
C46:3 TAG                    
C46:2 TAG                    
C46:1 TAG                    
C46:0 TAG                    
C47:2 TAG                    
C47:1 TAG                    
C47:0 TAG                    
C48:5 TAG                    
C48:4 TAG                    
C48:3 TAG                    
C48:2 TAG                    
C48:1 TAG                    
C48:0 TAG                    
C49:3 TAG                    
C49:2 TAG                    
C50:6 TAG                    
C50:5 TAG                    
C50:4 TAG                    
C50:3 TAG                    
C50:2 TAG                    
C50:1 TAG                    
C50:0 TAG                    
C51:3 TAG                    
C51:1 TAG                    
C51:0 TAG                    
C52:7 TAG                    
C52:6 TAG                    
C52:5 TAG                    
C52:4 TAG                    
C52:3 TAG                    
C52:2 TAG                    
C52:1 TAG                    
C52:0 TAG                    
C53:3 TAG                    
C53:2 TAG                    
C54:9 TAG                    
C54:8 TAG                    
C54:7 TAG                    
C54:6 TAG                    
C54:5 TAG                    
C54:4 TAG                    
C54:3 TAG                    
C54:2 TAG                    
C54:1 TAG                    
C55:3 TAG                    
C55:2 TAG                    

C56:10 TAG                    
C56:9 TAG                    
C56:8 TAG                    
C56:7 TAG                    
C56:6 TAG                    
C56:5 TAG                    
C56:4 TAG                    
C56:3 TAG                    
C56:2 TAG                    
C56:1 TAG                    

C58:11 TAG                    
C58:10 TAG                    

C58:9 TAG                    
C58:8 TAG                    
C58:7 TAG                    
C58:6 TAG                    

C60:12 TAG                    
C32:1 PE                    
C32:0 PE                    
C34:2 PE                    
C34:0 PE                    
C36:4 PE                    
C36:3 PE                    
C36:2 PE                    
C36:1 PE                    
C36:0 PE                    
C38:6 PE                    
C38:5 PE                    
C38:4 PE                    
C38:2 PE                    
C40:6 PE                    

C34:2 PE plasmalogen                    
C36:5 PE plasmalogen                    
C36:3 PE plasmalogen                    
C36:2 PE plasmalogen                    
C36:1 PE plasmalogen                    
C38:7 PE plasmalogen                    
C38:6 PE plasmalogen                    
C38:5 PE plasmalogen                    
C40:7 PE plasmalogen                    

C44:13 PE plasmalogen                    
C34:3 PE plasmalogen                    
C36:2 PS plasmalogen                    

C30:1 PC                    
C30:0 PC                    
C32:2 PC                    
C32:1 PC                    
C32:0 PC                    
C34:4 PC                    
C34:3 PC                    
C34:2 PC                    
C34:1 PC                    
C34:0 PC                    
C36:4 PC                    

C36:4 hydroxy−PC                    
C36:3 PC                    
C36:2 PC                    
C36:1 PC                    
C36:0 PC                    
C38:6 PC                    
C38:4 PC                    
C38:3 PC                    
C38:2 PC                    

C40:10 PC                    
C40:9 PC                    
C40:6 PC                    

C34:3 PC plasmalogen                    
C34:2 PC plasmalogen                    
C34:1 PC plasmalogen                    
C36:5 PC plasmalogen                    
C36:4 PC plasmalogen                    
C36:3 PC plasmalogen                    
C36:2 PC plasmalogen                    
C36:1 PC plasmalogen                    
C38:7 PC plasmalogen                    
C38:6 PC plasmalogen                    
C38:4 PC plasmalogen                    
C40:7 PC plasmalogen                    

C16:1 LPE                    
C16:0 LPE                    
C18:2 LPE                    
C18:1 LPE                    
C18:0 LPE                    
C20:4 LPE                    
C20:0 LPE                    
C22:6 LPE                    
C22:0 LPE                    
C18:3 LPE                    

C18:0 LPE A                    
C18:0 LPE B                    

C20:1 LPE                    
C14:0 LPC                    
C22:6 LPC                    
C16:1 LPC                    
C16:0 LPC                    
C18:3 LPC                    
C18:2 LPC                    
C18:1 LPC                    
C18:0 LPC                    
C20:5 LPC                    
C20:4 LPC                    
C20:3 LPC                    
C20:1 LPC                    
C22:5 LPC                    
C22:4 LPC                    
C24:0 LPC                    

C16:1 LPC plasmalogen                    
C18:1 LPC plasmalogen                    

C14:0 SM                    
C16:1 SM                    
C16:0 SM                    
C18:1 SM                    
C18:0 SM                    
C20:0 SM                    
C22:1 SM                    
C22:0 SM                    
C24:1 SM                    
C24:0 SM                    

C30:0 DAG                    
C34:3 DAG                    
C34:2 DAG                    
C34:1 DAG                    
C36:4 DAG                    
C36:3 DAG                    
C36:2 DAG                    
C38:5 DAG                    
C38:4 DAG                    

C16:1 CE                    
C16:0 CE                    
C18:3 CE                    
C18:2 CE                    
C18:1 CE                    
C18:0 CE                    
C20:5 CE                    
C20:4 CE                    
C20:3 CE                    
C22:6 CE                    
C22:5 CE                    
C14:0 CE                    
C34:2 PI                    
C36:4 PI                    
C38:4 PI                    

C16:0 Cer amide (d18:1)                    
C22:0 Cer amide (d18:1)                    
C24:0 Cer amide (d18:1)                    
C24:1 Cer amide (d18:1)                    

linoleo yl ethanolamide                    
myristoleate                    

myristoleic acid                    
4−acetamidob utanoate                    

cholesterol                    
sphingosine                    

sphingosine A                    
sphingosine B                    
sphingosine C                    

sphinganine                    
alpha−glycerophosphocholine                    

isoleucine                    
L−alpha−glutam yl−L−lysine                    

leucine                    
lysine                    

methionine                    
methionine sulf oxide                    

methylimidaz oleacetic acid                    
N1−acetylsper midine                    

3−hydroxyanthranilic acid                    
N6−methyllysine                    

N6,N6−dimeth yllysine                    
N6,N6,N6−tr imethyllysine                    

N6−acetyllysine                    
N−acetylalanine                    

N−acetylaspar tic acid                    
N−acetylhistidine                    
N−acetylleucine                    

N−acetylmethionine                    
N−acetylor nithine                    

N−acetyltr yptophan                    
N−methylproline                    

ornithine                    
phenylacetylglutamine                    

phenylalanine                    
3−methylhistidine                    

pipecolic acid                    
proline                    
SDMA                    
serine                    

serotonin                    
taur ine                    

threonine                    
thyroxine                    

tryptophan                    
tyrosine                    

urocanic acid                    
valine                    

4−guanidinob utanoic acid                    
5−hydroxylysine                    

acetylglycine                    
ADMA                    

alanine                    
alloisoleucine                    

arginine                    
asparagine                    

aspar tate                    
betaine                    

C−glycosyltr yptophan                    
2−aminoheptanoic acid                    

citrulline                    
creatine                    

creatinine                    
cystine                    

2−aminoisob utyr ic acid                    
dimethylglycine                    

DMGV                    
GABA                    

gabapentin                    
glutamate                    
glutamine                    

glycine                    
guanidinoacetic acid                    

2−aminooctanoate                    
hippur ate                    
histidine                    

homoarginine                    
homocitr ulline                    
hydroxyproline                    

hypotaur ine                    
1,7−dimeth ylur ic acid                    

inosine                    
N2,N2−dimeth ylguanosine                    

N4−acetylcytidine                    
N−carbamo yl−beta−alanine                    

proline−betaine                    
pseudour idine                    
ribothymidine                    

urate                    
xanthine                    

xanthosine                    
1−methyladenosine                    

5−acetylamino−6−amino−3−meth yluracil                    
6,8−dih ydroxypur ine                    

7−methylguanine                    
1−methylguanine                    

adenosine                    
allantoin                    

1−methylguanosine                    
caffeine                    
cytosine                    
guanine                    

hypoxanthine                    
C2 car nitine                    
C3 car nitine                    

C3−DC−CH3 car nitine                    
C4 car nitine                    

C4−OH car nitine                    
C5 car nitine                    

C5−DC car nitine                    
C6 car nitine                    
C7 car nitine                    
C8 car nitine                    

C10 car nitine                    
C12 car nitine                    

C12:1 car nitine                    
C14 car nitine                    

C14:1 car nitine                    
C14:2 car nitine                    

C16 car nitine                    
C18 car nitine                    

C18:1 car nitine                    
C18:2 car nitine                    

N1−methyl−2−pyridone−5−carbo xamide                    
niacinamide                    

NMMA                    
pantothenate                    

thiamine                    
trigonelline                    

biliverdin                    
1−methylnicotinamide                    

indoleacetic acid                    
kynurenic acid                    

5−hydroxytryptophol                    
5−metho xytryptophol                    

7−dehydrodesmosterol                    
21−deo xycor tisol                    

cortisol                    
cortisone                    

phosphocholine                    
carnitine                    

choline                    
3−methoxyanthranilate                    

anthranilic acid                    
glycocholate                    

glycodeo xycholate/glycochenodeo xycholate                    
putrescine                    
cadaverine                    

isoxanthopter in                    
pter in                    

C14:1 MA G                    
campesterol                    

palmito ylethanolamide                    
N−oleoylethanolamine                    

2−deoxyur idine                    
methyl N−meth ylanthr anilate                    

metronidaz ole                    
N−ethylglycine xylidide                    

trimethylamine−N−o xide                    
trimethylbenz ene                    

4−aminohippur ic acid                    
4−hydroxyhippur ate                    

4−pyridoxate                    
8−hydroxy−deoxyguanosine                    

acetyl−galactosamine                    
carnosine                    

cinnamo ylglycine                    
cyclohexylamine                    
diacetylsper mine                    

imidaz ole propionate                    
3−(N−acetyl−L−cystein−S−yl) acetaminophen                    

piper ine                    
acetaminophen                    

acetaminophen glucuronide                    
cotinine                    

hydroxycotinine                    

Metabolite types

TAG

PE

PE_P

PC

PC_P

LPE

LPC

LPC_P

SM

DAG

CE

PI

Ceramide

FA

Other Lipids

AA

Nucleotide

AC

Cofactors and Vitamins

Indoles

Steroid

QA

Aminobenzoic

Bile Acids

Polyamines

Pterins

Others

Xenobiotics

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4



 
Supplementary Figure S5. Time-window specific analysis – sensitivity analysis further adjusted for cesarean 

section: Number of significant metabolites at each time-window based on LRT FDR (Panel A), number of 

metabolites that have significantly different effects between two sexes at each time-window based on 

metabolite-by-sex interaction term FDR (Panel B). Annotated numbers are the sample size (number of subjects) 

available at each time-window. Green lines are the LOWESS smoothing curves. Potential critical growth ages 

(peaks in Panel A) are around age 0 (birth), 1-3.5, 6, 8-11 and ≥15. 

 



 
Supplementary Figure S6. Time-window specific analysis – sensitivity analysis further adjusted for 

breastfeeding: Number of significant metabolites at each time-window based on LRT FDR (Panel A), number 

of metabolites that have significantly different effects between two sexes at each time-window based on 

metabolite-by-sex interaction term FDR (Panel B). Annotated numbers are the sample size (number of subjects) 

available at each time-window. Green lines are the LOWESS smoothing curves. Potential critical growth ages 

(peaks in Panel A) are around age 0 (birth), 1-3.5, 6, 8-11 and ≥15. 



 
Supplementary Figure S7. Time-window specific analysis – sensitivity analysis further adjusted for 

birthweight: Number of significant metabolites at each time-window based on LRT FDR (Panel A), number of 

metabolites that have significantly different effects between two sexes at each time-window based on 

metabolite-by-sex interaction term FDR (Panel B). Annotated numbers are the sample size (number of subjects) 

available at each time-window. Green lines are the LOWESS smoothing curves. Potential critical growth ages 

(peaks in Panel A) are around age 0 (birth), 2-4, 6, 11 and ≥15. 
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Supplementary Figure S8. Time-window specific analysis – sensitivity analysis further adjusted for 

birthweight: Heatmap of cord metabolites’ effect size for females (Panel A) and males (Panel B) on BMI 

masked by non-significance. The vertical axis represents the 376 metabolites which are ordered based on 

metabolite types. Effect sizes are standardized by dividing the beta coefficient by the standard deviation of BMI 

for that sex at that time-window. The color scheme is continuous such that red and blue indicates positive and 

negative association respectively. The intensity of the color represents the magnitude of the association. The 

grey color indicates where the overall effect of that metabolite at that time-window is not statistically significant 

(LRT FDR > 0.05). 
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