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Supplementary Material  1 

Figure S1. Participant flow chart and sample size.  2 

 3 

n, number of families; c, number of children; p, number of attending adults; LSAC, Longitudinal Study of 4 

Australian Children; MAC, Main assessment centre; mAC, Mini assessment centre; HV, Home visit assessment; 5 

*Unable to analyse due to insufficient volume or poor quality sample.  6 
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Table S1. Details of validated instruments used to collect mental health, venous blood and 1 

covariate data.  2 

Measure Instrument Additional information 

Child life 

satisfaction 

(5-items) 

International Survey of 

Children's Well-being 

(ISCW) Brief 

Multidimensional 

Students’ Life 

Satisfaction sub-scale 

(Seligson et al., 2003) 

Questions are framed from a positive perspective over life as a whole (no 

specific recall time), and assess 5 life domains: family, friends, school, 

local area and body. Each item is scored on an 11-point Likert scale 

(Seligson et al., 2003). The total summed life satisfaction score is 

linearly transformed to a 0 to 100 scale, with higher scores indicating 

better life satisfaction. It has good internal consistency reliability 

(α=0.75) (Huebner et al., 2006).  

Child 

general well-

being  

(7-items) 

Paediatric Quality of 

Life 4.0 (Varni et al., 

2001) General Well-

being sub-scale 

(PedsQL-GW) 

Questions are framed from a positive perspective over a recall time of 

one month, and assess happiness, perceived support and optimism about 

the future. Each item is scored on a 5-point Likert scale. The total 

summed score is linearly transformed to a 0 to 100 scale, where higher 

scores indicate better general well-being. It has good internal consistency 

reliability (α=0.70-0.92) (Nicholson and Rempel, 2004).  

Child 

psychosocial 

health 

(15-items) 

Paediatric Quality of 

Life 4.0 (Varni et al., 

2001) Psychosocial 

Health sub-scale 

(PedsQL-PS) 

 

Questions are framed from a negative perspective over a one month 

recall time, and assess emotional, social and school functioning 

(Varni et al., 2006). Items are reverse-scored on a 5-point Likert scale. 

The total summed score is linearly transformed to a 0 to 100 scale, 

where higher scores indicate better psychosocial health. The 

Psychosocial Health Summary Score has good internal consistency 

reliability (α= 0.83 child, 0.86 adults) (Varni et al., 2001).  

Child and 

adult health 

related 

quality of 

life 

(9-items) 

Child Health Utility 9D 

(CHU9D) (Stevens, 

2011) 

Questions are framed from a negative perspective, assessing 

functioning “today” across the domains of sadness, worry, tiredness, 

pain, annoyance, daily routine, sleep and activities. Each item is 

scored on a 5-point Likert scale, with each domain being weighted 

according to the utility values determined for Australian children 

(Ratcliffe et al., 2016). Scores represent a weighted sum on a 0-1 

scale, with higher scores indicating better health related quality of 

life. It has good internal consistency reliability (𝛼=0.78) (Furber and 

Segal, 2015). The wording of questions were modified for use in 

adults. 

Adult 

psychosocial 

quality of 

life 

(25-items) 

Assessment of quality 

of life 8D (Richardson 

et al., 2014) 

Psychosocial Health 

sub-scale  

Questions are framed from a negative, positive or neutral perspective, 

and assess functioning over the past month across the domains of 

relationships, mental health, coping, happiness and self-worth 

(Richardson et al., 2014). Each item is scored on a 4- to 6-point Likert 

scale. Scores represent a weighted sum on a 0-1 scale, where higher 



Lange: Metabolic profiles of mental health 

3 of 46 

 

Measure Instrument Additional information 

(AQoL8D-PS) scores indicate better psychosocial quality of life. It has good internal 

consistency reliability (α= 0.96) (Richardson et al., 2014).  

Venous 

blood  

S-Monovette 

vacutainers using 

9 ml Serum Gel with 

Clotting Activator 

(02.1388.001), Sarstedt, 

Australia 

Approximately 28mL blood collected from the non-dominant arm of 

seated, semi-fasted participants, processed into up to 6 serum 0.5mL 

aliquots per participant and stored at -800C on site. Mean fasting time 

prior to blood collection was 4.4 hours (SD 2.1 hours) for children 

and 3.4 hours (SD 2.2 hours) for adults. Mean time of day for blood 

collection was 14:07 (SD 2:02) for children and 13:01 (SD 2:03) for 

adults.  

BMI  

Height: Portable rigid 

stadiometer (Invicta 

IP0955, Leicester, UK).  

Weight: 4-limb 

segmental body 

composition scales 

(InBody230, Biospace, 

Seoul, Korea). 

Standing height without shoes or socks, measured x2, or x3 if first two 

measures differed by ≥ 0.5cm. Weight and body composition wearing 

light clothing without shoes or socks, measured once. BMI was derived 

using the formula height(m)/weight(kg)2. For children, BMI z-scores 

were generated using age- and sex-specific CDC growth charts (Ogden et 

al., 2002).  

 1 
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Table S2. Metabolites used in analyses.  1 

Metabolite group Metabolite Units 
Children  

mean (SD) 

Adults 

mean (SD) 

Lipids, Cholesterol 

and Triglycerides 

Total cholesterol 

Remnant cholesterol 

Esterified cholesterol 

Free cholesterol 

Total triglycerides 

Total phosphoglycerides 

VLDL diameter 

xL VLDL lipids 

vL VLDL lipids 

L VLDL lipids 

M VLDL lipids 

S VLDL lipids 

vS VLDL lipids 

VLDL cholesterol 

VLDL triglycerides 

LDL diameter 

L LDL lipids 

M LDL lipids 

S LDL lipids 

LDL cholesterol 

LDL triglycerides 

IDL lipids 

IDL cholesterol 

IDL triglycerides 

HDL diameter 

vL HDL lipids 

L HDL lipids 

M HDL lipids 

S HDL lipids 

HDL1 cholesterol 

HDL2 cholesterol 

HDL3 cholesterol 

HDL triglycerides 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L  

nm 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

nm 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

nm 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

3.60 (0.63) 

0.97 (0.27) 

2.53 (0.45) 

1.08 (0.18) 

1.02 (0.46) 

1.63 (0.25) 

37.07 (1.58) 

0.03 (0.03) 

0.06 (0.07) 

0.22 (0.21) 

0.45 (0.27) 

0.39 (0.15) 

0.33 (0.07) 

0.45 (0.18) 

0.70 (0.43) 

23.61 (0.11) 

0.94 (0.23) 

0.52 (0.14) 

0.34 (0.09) 

1.15 (0.34) 

0.12 (0.03) 

0.82 (0.18) 

0.52 (0.13) 

0.08 (0.02) 

10.10 (0.23) 

0.50 (0.19) 

0.87 (0.28) 

0.89 (0.13) 

1.01 (0.12) 

1.49 (0.27) 

1.02 (0.25) 

0.47 (0.02) 

0.13 (0.03) 

4.25 (0.82) 

1.23 (0.38) 

2.99 (0.59) 

1.26 (0.24) 

1.28 (0.69) 

1.93 (0.34) 

36.97 (1.68) 

0.04 (0.04) 

0.08 (0.10) 

0.30 (0.30) 

0.56 (0.40) 

0.50 (0.22) 

0.43 (0.11) 

0.60 (0.28) 

0.87 (0.63) 

23.56 (0.10) 

1.16 (0.29) 

0.66 (0.18) 

0.43 (0.11) 

1.47 (0.44) 

0.16 (0.04) 

1.00 (0.24) 

0.63 (0.16) 

0.10 (0.03) 

10.06 (0.28) 

0.50 (0.24) 

0.89 (0.41) 

0.96 (0.18) 

1.08 (0.14) 

1.55 (0.38) 

1.07 (0.35) 

0.48 (0.03) 

0.15 (0.04) 
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Metabolite group Metabolite Units 
Children  

mean (SD) 

Adults 

mean (SD) 

Fatty Acids and 

Cholines 

Total fatty acids 

Saturated fatty acids 

Saturated:total FAs 

Degree of unsaturation 

Monounsaturated fatty acids 

Monounsaturated:total FAs 

Polyunsaturated fatty acids 

Polyunsaturated:total FAs 

Omega3 fatty acids 

Omega3:total FAs 

22:6, docosahexaenoic acid 

Docosahexaenoic:total FAs 

Omega6 fatty acids 

Omega6:total FAs 

18:2, linoleic acid 

Linoleic:total FAs 

Total cholines 

Phosphatidylcholine 

Sphingomyelins 

mmol/L 

mmol/L 

 

 

mmol/L 

 

mmol/L 

 

mmol/L 

 

mmol/L 

 

mmol/L 

 

mmol/L 

 

mmol/L 

mmol/L 

mmol/L 

9.25 (1.65) 

3.35 (0.64) 

36.19 (1.74) 

1.21 (0.06) 

2.52 (0.62) 

26.99 (2.61) 

3.38 (0.55) 

36.82 (3.35) 

0.30 (0.08) 

3.27 (0.59) 

0.08 (0.03) 

0.83 (0.25) 

3.08 (0.48) 

33.55 (3.11) 

2.56 (0.46) 

27.81 (3.23) 

2.00 (0.26) 

1.69 (0.25) 

0.35 (0.06) 

10.97 (2.39) 

3.96 (0.93) 

36.01 (1.96) 

1.21 (0.07) 

3.09 (0.93) 

27.81 (2.90) 

3.93 (0.71) 

36.19 (3.62) 

0.41 (0.12) 

3.71 (0.71) 

0.11 (0.04) 

1.04 (0.29) 

3.52 (0.61) 

32.48 (3.38) 

2.89 (0.57) 

26.65 (3.43) 

2.32 (0.35) 

1.98 (0.33) 

0.40 (0.08) 
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Metabolite group Metabolite Units 
Children  

mean (SD) 

Adults 

mean (SD) 

Other 

ApoA1 

ApoB 

ApoB:ApoA1 

Pyruvate 

Citrate 

Glycerol 

Acetate 

Acetoacetate 

3hydroxybutyrate 

Alanine 

Glycine 

Isoleucine 

Leucine 

Valine 

Glutamine 

Histidine 

Phenylalanine 

Tyrosine 

Creatinine 

Albumin 

GlycA 

g/L 

g/L 

 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

signal area 

mmol/L 

1.50 (0.16) 

0.69 (0.13) 

0.47 (0.10) 

0.10 (0.02) 

0.13 (0.02) 

0.08 (0.02) 

0.03 (0.01) 

0.03 (0.02) 

0.12 (0.09) 

0.39 (0.06) 

0.26 (0.03) 

0.05 (0.02) 

0.07 (0.02) 

0.16 (0.04) 

0.48 (0.05) 

0.06 (0.01) 

0.07 (0.01) 

0.05 (0.01) 

0.04 (0.01) 

0.09 (0.00) 

1.16 (0.18) 

1.59 (0.21) 

0.82 (0.20) 

0.52 (0.14) 

0.09 (0.03) 

0.11 (0.02) 

0.07 (0.02) 

0.04 (0.04) 

0.03 (0.02) 

0.11 (0.08) 

0.40 (0.06) 

0.27 (0.06) 

0.06 (0.02) 

0.08 (0.02) 

0.17 (0.04) 

0.46 (0.07) 

0.07 (0.01) 

0.07 (0.01) 

0.05 (0.01) 

0.06 (0.01) 

0.09 (0.01) 

1.23 (0.24) 

xL, extra large; vL, very large; L, large; M, medium; S, small; vS, very small; VLDL, very low density lipoproteins; LDL, 1 

low density lipoproteins; IDL, intermediate density lipoproteins; HDL, high density lipoproteins; FAs, fatty acids; ApoA1, 2 

Apolipoprotein A1; ApoB, Apolipoprotein B; GlycA, Glyprotein acetyls. 3 

 4 

  5 
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Table S3. Standardised effect size and 95% confidence interval for each metabolite per SD unit increase in mental health score, for unadjusted 1 

regression, and adjusted for age, sex, SEP, and BMI (for adults) or BMI CDC z-score (for children).  2 

Unadjusted standardised effect size (95% CI) 

 
 

Child Adult 

Group Metabolite CHU9D PedsQL-PS PedsQL-GW ISCWeb CHU9D AQoL8D-PS 

L
ip

id
s,

 C
h

o
le

st
er

o
l 

an
d

 T
ri

g
ly

ce
ri

d
es

 

Total cholesterol 0.01 (-0.05, 0.07) 0.02 (-0.03, 0.08) 0.06 (0.00, 0.12) 0.03 (-0.03, 0.08) 0.06 (0.00, 0.11) 0.04 (-0.01, 0.10) 

Remnant cholesterol -0.01 (-0.07, 0.05) -0.04 (-0.09, 0.02) -0.02 (-0.08, 0.04) -0.07 (-0.13, -0.02) -0.03 (-0.08, 0.03) -0.06 (-0.11, -0.01) 

Esterified cholesterol 0.01 (-0.05, 0.07) 0.02 (-0.04, 0.08) 0.06 (0.00, 0.12) 0.02 (-0.04, 0.08) 0.06 (0.00, 0.11) 0.04 (-0.01, 0.10) 

Free cholesterol 0.02 (-0.04, 0.08) 0.04 (-0.02, 0.10) 0.08 (0.01, 0.14) 0.04 (-0.02, 0.10) 0.06 (0.00, 0.11) 0.04 (-0.01, 0.10) 

Total triglycerides -0.02 (-0.08, 0.04) -0.08 (-0.14, -0.02) -0.09 (-0.15, -0.03) -0.15 (-0.21, -0.09) -0.08 (-0.14, -0.02) -0.12 (-0.17, -0.07) 

Total phosphoglycerides -0.01 (-0.08, 0.05) -0.02 (-0.08, 0.04) 0.02 (-0.04, 0.08) -0.04 (-0.10, 0.02) 0.06 (0.00, 0.11) 0.03 (-0.02, 0.09) 

VLDL diameter -0.02 (-0.08, 0.04) -0.07 (-0.13, -0.01) -0.11 (-0.17, -0.05) -0.13 (-0.19, -0.07) -0.11 (-0.16, -0.05) -0.14 (-0.19, -0.09) 

xL VLDL lipids -0.04 (-0.10, 0.03) -0.09 (-0.15, -0.03) -0.09 (-0.15, -0.03) -0.15 (-0.20, -0.09) -0.08 (-0.13, -0.02) -0.11 (-0.16, -0.05) 

vL VLDL lipids -0.03 (-0.09, 0.03) -0.09 (-0.14, -0.03) -0.09 (-0.15, -0.03) -0.15 (-0.21, -0.09) -0.08 (-0.14, -0.03) -0.12 (-0.17, -0.06) 

L VLDL lipids -0.03 (-0.09, 0.03) -0.08 (-0.14, -0.02) -0.09 (-0.15, -0.03) -0.15 (-0.21, -0.09) -0.08 (-0.14, -0.03) -0.12 (-0.17, -0.07) 

M VLDL lipids -0.02 (-0.08, 0.04) -0.08 (-0.14, -0.02) -0.09 (-0.15, -0.03) -0.14 (-0.20, -0.09) -0.08 (-0.14, -0.02) -0.12 (-0.17, -0.07) 

S VLDL lipids -0.01 (-0.07, 0.05) -0.07 (-0.13, -0.01) -0.07 (-0.13, -0.01) -0.13 (-0.19, -0.07) -0.07 (-0.12, -0.01) -0.11 (-0.17, -0.06) 

vS VLDL lipids 0.01 (-0.05, 0.07) 0.00 (-0.05, 0.06) 0.03 (-0.03, 0.09) 0.00 (-0.06, 0.05) -0.01 (-0.07, 0.05) -0.04 (-0.10, 0.01) 

VLDL cholesterol -0.02 (-0.08, 0.04) -0.07 (-0.13, -0.01) -0.06 (-0.12, 0.00) -0.13 (-0.18, -0.07) -0.06 (-0.11, 0.00) -0.10 (-0.15, -0.04) 

VLDL triglycerides -0.02 (-0.08, 0.04) -0.08 (-0.14, -0.02) -0.09 (-0.15, -0.04) -0.15 (-0.21, -0.09) -0.08 (-0.14, -0.03) -0.13 (-0.18, -0.07) 

LDL diameter -0.01 (-0.07, 0.05) 0.05 (-0.01, 0.10) 0.02 (-0.04, 0.08) 0.03 (-0.03, 0.09) -0.04 (-0.10, 0.01) 0.00 (-0.05, 0.06) 

L LDL lipids 0.01 (-0.05, 0.07) 0.02 (-0.04, 0.08) 0.05 (-0.01, 0.11) 0.03 (-0.03, 0.09) 0.03 (-0.02, 0.09) 0.02 (-0.04, 0.07) 

M LDL lipids 0.01 (-0.05, 0.07) 0.01 (-0.05, 0.07) 0.05 (-0.01, 0.11) 0.03 (-0.03, 0.09) 0.03 (-0.02, 0.09) 0.01 (-0.04, 0.07) 

S LDL lipids 0.02 (-0.04, 0.08) 0.01 (-0.05, 0.07) 0.04 (-0.02, 0.10) 0.03 (-0.03, 0.09) 0.04 (-0.02, 0.09) 0.02 (-0.03, 0.07) 

LDL cholesterol 0.01 (-0.05, 0.07) 0.01 (-0.04, 0.07) 0.05 (-0.01, 0.11) 0.03 (-0.03, 0.09) 0.04 (-0.02, 0.09) 0.02 (-0.03, 0.08) 
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LDL triglycerides -0.01 (-0.07, 0.05) 0.00 (-0.06, 0.06) 0.03 (-0.03, 0.09) -0.05 (-0.11, 0.01) 0.00 (-0.06, 0.06) -0.03 (-0.08, 0.03) 

IDL lipids 0.01 (-0.06, 0.07) 0.02 (-0.04, 0.08) 0.05 (-0.01, 0.11) 0.02 (-0.03, 0.08) 0.03 (-0.03, 0.08) 0.02 (-0.04, 0.07) 

IDL cholesterol 0.01 (-0.05, 0.07) 0.03 (-0.03, 0.08) 0.05 (-0.01, 0.11) 0.03 (-0.03, 0.09) 0.03 (-0.03, 0.09) 0.02 (-0.03, 0.08) 

IDL triglycerides 0.01 (-0.05, 0.07) 0.02 (-0.04, 0.07) 0.02 (-0.04, 0.08) -0.03 (-0.09, 0.03) -0.02 (-0.08, 0.03) -0.05 (-0.10, 0.00) 

HDL diameter 0.00 (-0.06, 0.06) 0.07 (0.01, 0.13) 0.10 (0.04, 0.16) 0.08 (0.03, 0.14) 0.09 (0.03, 0.14) 0.13 (0.07, 0.18) 

vL HDL lipids -0.01 (-0.07, 0.06) 0.06 (0.00, 0.12) 0.10 (0.04, 0.16) 0.07 (0.01, 0.12) 0.09 (0.04, 0.15) 0.12 (0.07, 0.17) 

L HDL lipids 0.02 (-0.04, 0.08) 0.08 (0.02, 0.14) 0.11 (0.05, 0.17) 0.10 (0.04, 0.16) 0.10 (0.05, 0.16) 0.13 (0.08, 0.18) 

M HDL lipids 0.05 (-0.01, 0.11) 0.05 (-0.01, 0.11) 0.04 (-0.02, 0.10) 0.05 (-0.01, 0.10) 0.05 (-0.01, 0.10) 0.06 (0.00, 0.11) 

S HDL lipids 0.07 (0.01, 0.13) 0.04 (-0.02, 0.09) 0.00 (-0.06, 0.06) 0.02 (-0.04, 0.08) 0.01 (-0.05, 0.07) -0.01 (-0.06, 0.04) 

HDL1 cholesterol 0.03 (-0.03, 0.09) 0.07 (0.02, 0.13) 0.11 (0.05, 0.17) 0.09 (0.04, 0.15) 0.11 (0.05, 0.16) 0.13 (0.08, 0.18) 

HDL2 cholesterol 0.03 (-0.03, 0.09) 0.08 (0.02, 0.13) 0.11 (0.05, 0.17) 0.10 (0.04, 0.15) 0.11 (0.05, 0.16) 0.13 (0.08, 0.18) 

HDL3 cholesterol 0.01 (-0.05, 0.07) 0.05 (0.00, 0.11) 0.09 (0.03, 0.15) 0.05 (-0.01, 0.11) 0.11 (0.06, 0.17) 0.11 (0.05, 0.16) 

HDL triglycerides -0.02 (-0.08, 0.04) -0.03 (-0.09, 0.03) -0.03 (-0.09, 0.03) -0.11 (-0.17, -0.05) -0.03 (-0.08, 0.03) -0.05 (-0.10, 0.00) 

F
at

ty
 A

ci
d

s 
an

d
 C

h
o

li
n

es
 

Total fatty acids -0.01 (-0.07, 0.05) -0.04 (-0.10, 0.02) -0.02 (-0.08, 0.04) -0.10 (-0.16, -0.04) -0.03 (-0.09, 0.03) -0.06 (-0.11, -0.01) 

Saturated fatty acids -0.03 (-0.09, 0.03) -0.05 (-0.11, 0.01) -0.03 (-0.09, 0.03) -0.11 (-0.16, -0.05) -0.03 (-0.09, 0.02) -0.06 (-0.11, -0.01) 

Saturated:total FAs -0.06 (-0.12, 0.00) -0.03 (-0.09, 0.03) -0.01 (-0.07, 0.05) -0.03 (-0.09, 0.03) -0.01 (-0.07, 0.04) 0.00 (-0.06, 0.05) 

Degree of unsaturation 0.04 (-0.02, 0.10) 0.07 (0.01, 0.13) 0.09 (0.03, 0.15) 0.13 (0.07, 0.19) 0.14 (0.09, 0.20) 0.14 (0.09, 0.19) 

Monounsaturated fatty acids -0.03 (-0.09, 0.03) -0.08 (-0.14, -0.02) -0.06 (-0.12, 0.00) -0.14 (-0.20, -0.09) -0.06 (-0.12, -0.01) -0.10 (-0.16, -0.05) 

Monounsaturated:total FAs -0.04 (-0.10, 0.02) -0.11 (-0.17, -0.05) -0.11 (-0.17, -0.05) -0.16 (-0.22, -0.10) -0.12 (-0.17, -0.06) -0.17 (-0.23, -0.12) 

Polyunsaturated fatty acids 0.04 (-0.03, 0.10) 0.03 (-0.03, 0.09) 0.04 (-0.02, 0.10) -0.01 (-0.07, 0.05) 0.03 (-0.03, 0.08) 0.02 (-0.04, 0.07) 

Polyunsaturated:total FAs 0.06 (0.00, 0.13) 0.10 (0.04, 0.16) 0.09 (0.03, 0.15) 0.14 (0.08, 0.20) 0.10 (0.04, 0.16) 0.14 (0.09, 0.19) 

Omega3 fatty acids 0.04 (-0.02, 0.10) 0.04 (-0.02, 0.10) 0.06 (0.00, 0.12) 0.01 (-0.05, 0.06) 0.07 (0.01, 0.12) 0.04 (-0.02, 0.09) 

Omega3:total FAs 0.06 (0.00, 0.12) 0.08 (0.02, 0.14) 0.10 (0.04, 0.16) 0.09 (0.04, 0.15) 0.13 (0.08, 0.19) 0.12 (0.07, 0.18) 

22:6, docosahexaenoic acid 0.03 (-0.03, 0.09) 0.06 (0.00, 0.12) 0.09 (0.03, 0.15) 0.07 (0.01, 0.13) 0.10 (0.05, 0.16) 0.07 (0.01, 0.12) 

Docosahexaenoic:total FAs 0.03 (-0.03, 0.09) 0.08 (0.02, 0.14) 0.11 (0.05, 0.17) 0.12 (0.06, 0.18) 0.15 (0.09, 0.20) 0.13 (0.07, 0.18) 
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Omega6 fatty acids 0.03 (-0.03, 0.09) 0.02 (-0.04, 0.08) 0.04 (-0.02, 0.10) -0.01 (-0.07, 0.04) 0.02 (-0.04, 0.07) 0.01 (-0.04, 0.06) 

Omega6:total FAs 0.06 (0.00, 0.12) 0.09 (0.03, 0.15) 0.08 (0.02, 0.14) 0.13 (0.08, 0.19) 0.08 (0.02, 0.14) 0.13 (0.07, 0.18) 

18:2, linoleic acid 0.03 (-0.03, 0.09) 0.02 (-0.04, 0.08) 0.03 (-0.03, 0.09) -0.02 (-0.07, 0.04) 0.00 (-0.05, 0.06) 0.01 (-0.04, 0.06) 

Linoleic:total FAs 0.05 (-0.01, 0.12) 0.08 (0.02, 0.14) 0.06 (0.00, 0.12) 0.10 (0.05, 0.16) 0.05 (0.00, 0.11) 0.10 (0.05, 0.15) 

Total cholines 0.00 (-0.06, 0.06) 0.01 (-0.05, 0.06) 0.05 (-0.01, 0.11) -0.01 (-0.07, 0.05) 0.07 (0.01, 0.12) 0.05 (0.00, 0.11) 

Phosphatidylcholine -0.01 (-0.07, 0.05) -0.01 (-0.07, 0.05) 0.02 (-0.04, 0.09) -0.03 (-0.09, 0.02) 0.06 (0.00, 0.12) 0.04 (-0.01, 0.09) 

Sphingomyelins 0.03 (-0.03, 0.09) 0.06 (0.00, 0.12) 0.10 (0.04, 0.16) 0.07 (0.01, 0.12) 0.06 (0.00, 0.11) 0.06 (0.01, 0.12) 

O
th

er
 

ApoA1 0.02 (-0.04, 0.08) 0.05 (-0.01, 0.11) 0.09 (0.03, 0.15) 0.05 (0.00, 0.11) 0.10 (0.04, 0.15) 0.10 (0.05, 0.16) 

ApoB -0.01 (-0.07, 0.05) -0.04 (-0.10, 0.02) -0.03 (-0.09, 0.03) -0.08 (-0.14, -0.02) -0.03 (-0.09, 0.02) -0.07 (-0.12, -0.02) 

ApoB:ApoA1 -0.02 (-0.08, 0.04) -0.07 (-0.12, -0.01) -0.07 (-0.13, -0.01) -0.11 (-0.17, -0.05) -0.07 (-0.13, -0.02) -0.11 (-0.17, -0.06) 

Pyruvate -0.04 (-0.11, 0.02) -0.09 (-0.15, -0.04) -0.06 (-0.12, 0.00) -0.07 (-0.13, -0.01) -0.10 (-0.15, -0.04) -0.11 (-0.16, -0.05) 

Citrate 0.02 (-0.04, 0.08) 0.04 (-0.02, 0.10) 0.06 (-0.01, 0.12) 0.05 (-0.01, 0.11) -0.02 (-0.07, 0.04) 0.00 (-0.05, 0.06) 

Glycerol 0.07 (-0.03, 0.16) 0.01 (-0.08, 0.11) 0.00 (-0.09, 0.10) -0.03 (-0.13, 0.06) -0.10 (-0.18, -0.01) -0.14 (-0.22, -0.06) 

Acetate 0.04 (-0.02, 0.10) 0.01 (-0.05, 0.07) 0.03 (-0.03, 0.09) 0.05 (-0.01, 0.11) -0.04 (-0.10, 0.01) -0.05 (-0.10, 0.01) 

Acetoacetate 0.01 (-0.06, 0.07) 0.05 (-0.01, 0.11) 0.03 (-0.03, 0.09) 0.03 (-0.03, 0.09) 0.00 (-0.05, 0.06) -0.02 (-0.08, 0.03) 

3hydroxybutyrate 0.02 (-0.04, 0.08) 0.06 (0.00, 0.12) 0.06 (-0.01, 0.12) 0.06 (0.00, 0.12) -0.03 (-0.08, 0.03) -0.04 (-0.10, 0.01) 

Alanine -0.04 (-0.10, 0.02) -0.08 (-0.14, -0.02) -0.02 (-0.08, 0.04) -0.06 (-0.12, 0.00) 0.01 (-0.05, 0.07) 0.01 (-0.05, 0.06) 

Glycine -0.04 (-0.10, 0.02) -0.06 (-0.11, 0.00) -0.03 (-0.09, 0.03) -0.06 (-0.12, 0.00) 0.00 (-0.05, 0.06) -0.02 (-0.07, 0.03) 

Isoleucine -0.02 (-0.08, 0.04) -0.09 (-0.15, -0.03) -0.07 (-0.13, -0.01) -0.10 (-0.16, -0.04) -0.05 (-0.10, 0.01) -0.06 (-0.11, 0.00) 

Leucine -0.01 (-0.07, 0.05) -0.07 (-0.13, -0.01) -0.05 (-0.11, 0.01) -0.09 (-0.15, -0.03) -0.02 (-0.07, 0.04) -0.03 (-0.08, 0.03) 

Valine 0.01 (-0.05, 0.08) -0.06 (-0.12, 0.00) -0.03 (-0.09, 0.03) -0.04 (-0.10, 0.02) 0.02 (-0.04, 0.07) 0.02 (-0.04, 0.07) 

Glutamine 0.04 (-0.02, 0.10) 0.05 (-0.01, 0.10) 0.05 (-0.01, 0.11) 0.04 (-0.01, 0.10) 0.05 (-0.01, 0.11) 0.04 (-0.01, 0.10) 

Histidine 0.01 (-0.05, 0.07) -0.04 (-0.10, 0.02) -0.01 (-0.07, 0.05) 0.00 (-0.06, 0.05) 0.06 (0.00, 0.11) 0.05 (0.00, 0.10) 

Phenylalanine -0.07 (-0.13, -0.01) -0.11 (-0.17, -0.05) -0.07 (-0.13, -0.01) -0.09 (-0.15, -0.03) -0.05 (-0.11, 0.00) -0.06 (-0.12, -0.01) 

Tyrosine -0.04 (-0.10, 0.02) -0.10 (-0.16, -0.04) -0.05 (-0.11, 0.01) -0.07 (-0.13, -0.01) 0.01 (-0.04, 0.07) 0.00 (-0.05, 0.06) 
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Creatinine 0.03 (-0.03, 0.09) 0.02 (-0.04, 0.08) 0.02 (-0.05, 0.08) 0.03 (-0.03, 0.08) 0.08 (0.02, 0.13) 0.08 (0.02, 0.13) 

Albumin 0.04 (-0.02, 0.10) 0.05 (-0.01, 0.11) 0.08 (0.02, 0.14) 0.07 (0.02, 0.13) 0.06 (0.01, 0.12) 0.05 (0.00, 0.10) 

GlycA 0.00 (-0.06, 0.07) -0.07 (-0.13, -0.01) -0.07 (-0.13, -0.01) -0.13 (-0.19, -0.07) -0.10 (-0.15, -0.04) -0.15 (-0.20, -0.10) 

Adjusted standardised effect size (95% CI) 

 
 

Child Adult 

Group Metabolite CHU9D PedsQL-PS PedsQL-GW ISCWeb CHU9D AQoL8D-PS 

L
ip

id
s,
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h
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Total cholesterol 0.01 (-0.05, 0.07) 0.01 (-0.05, 0.07) 0.05 (-0.01, 0.11) 0.01 (-0.05, 0.07) 0.05 (-0.01, 0.11) 0.04 (-0.01, 0.10) 

Remnant cholesterol -0.01 (-0.07, 0.05) -0.03 (-0.09, 0.03) 0.01 (-0.05, 0.07) -0.06 (-0.12, 0.00) 0.00 (-0.06, 0.05) -0.02 (-0.07, 0.04) 

Esterified cholesterol 0.01 (-0.05, 0.07) 0.00 (-0.06, 0.06) 0.05 (-0.02, 0.11) 0.01 (-0.05, 0.07) 0.05 (-0.01, 0.11) 0.04 (-0.01, 0.10) 

Free cholesterol 0.02 (-0.05, 0.08) 0.02 (-0.04, 0.08) 0.06 (0.00, 0.12) 0.02 (-0.04, 0.08) 0.05 (-0.01, 0.11) 0.04 (-0.02, 0.09) 

Total triglycerides -0.01 (-0.07, 0.04) -0.06 (-0.12, 0.00) -0.04 (-0.10, 0.01) -0.12 (-0.17, -0.06) -0.04 (-0.09, 0.01) -0.07 (-0.12, -0.02) 

Total phosphoglycerides -0.02 (-0.08, 0.04) -0.03 (-0.09, 0.03) 0.01 (-0.05, 0.08) -0.05 (-0.11, 0.01) 0.05 (0.00, 0.11) 0.03 (-0.02, 0.09) 

VLDL diameter -0.01 (-0.07, 0.05) -0.05 (-0.11, 0.01) -0.07 (-0.13, -0.01) -0.10 (-0.16, -0.04) -0.07 (-0.11, -0.02) -0.08 (-0.13, -0.03) 

xL VLDL lipids -0.03 (-0.09, 0.03) -0.08 (-0.13, -0.02) -0.05 (-0.11, 0.01) -0.12 (-0.18, -0.06) -0.05 (-0.10, 0.00) -0.06 (-0.11, -0.01) 

vL VLDL lipids -0.03 (-0.09, 0.03) -0.07 (-0.13, -0.01) -0.05 (-0.11, 0.01) -0.12 (-0.18, -0.06) -0.05 (-0.10, 0.00) -0.07 (-0.12, -0.02) 

L VLDL lipids -0.02 (-0.08, 0.04) -0.06 (-0.12, 0.00) -0.05 (-0.10, 0.01) -0.12 (-0.17, -0.06) -0.05 (-0.10, 0.01) -0.07 (-0.12, -0.02) 

M VLDL lipids -0.01 (-0.07, 0.05) -0.06 (-0.11, 0.00) -0.04 (-0.10, 0.02) -0.11 (-0.17, -0.05) -0.04 (-0.09, 0.01) -0.06 (-0.11, -0.02) 

S VLDL lipids 0.00 (-0.06, 0.05) -0.05 (-0.11, 0.01) -0.03 (-0.08, 0.03) -0.10 (-0.15, -0.04) -0.03 (-0.08, 0.02) -0.05 (-0.10, 0.00) 

vS VLDL lipids 0.02 (-0.04, 0.08) 0.01 (-0.05, 0.07) 0.04 (-0.02, 0.10) 0.01 (-0.05, 0.06) 0.01 (-0.04, 0.07) 0.00 (-0.06, 0.05) 

VLDL cholesterol -0.01 (-0.07, 0.05) -0.05 (-0.11, 0.01) -0.02 (-0.08, 0.04) -0.09 (-0.15, -0.04) -0.02 (-0.08, 0.03) -0.04 (-0.09, 0.01) 

VLDL triglycerides -0.01 (-0.07, 0.04) -0.06 (-0.12, 0.00) -0.05 (-0.10, 0.01) -0.12 (-0.17, -0.06) -0.05 (-0.10, 0.00) -0.07 (-0.12, -0.02) 

LDL diameter -0.02 (-0.08, 0.04) 0.03 (-0.03, 0.09) 0.01 (-0.05, 0.07) 0.02 (-0.04, 0.08) -0.03 (-0.08, 0.03) 0.02 (-0.03, 0.07) 

L LDL lipids 0.01 (-0.05, 0.07) 0.01 (-0.05, 0.07) 0.05 (-0.02, 0.11) 0.02 (-0.03, 0.08) 0.04 (-0.02, 0.09) 0.03 (-0.03, 0.08) 

M LDL lipids 0.01 (-0.05, 0.07) 0.01 (-0.05, 0.07) 0.05 (-0.02, 0.11) 0.02 (-0.03, 0.08) 0.04 (-0.02, 0.09) 0.03 (-0.03, 0.08) 

S LDL lipids 0.02 (-0.04, 0.08) 0.01 (-0.05, 0.07) 0.04 (-0.02, 0.10) 0.03 (-0.03, 0.08) 0.04 (-0.02, 0.09) 0.03 (-0.03, 0.08) 
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LDL cholesterol 0.01 (-0.05, 0.07) 0.01 (-0.05, 0.07) 0.04 (-0.02, 0.11) 0.03 (-0.03, 0.09) 0.04 (-0.02, 0.09) 0.03 (-0.02, 0.09) 

LDL triglycerides -0.01 (-0.07, 0.05) -0.01 (-0.07, 0.05) 0.02 (-0.04, 0.08) -0.06 (-0.12, 0.00) 0.02 (-0.04, 0.07) 0.00 (-0.06, 0.05) 

IDL lipids 0.00 (-0.06, 0.07) 0.01 (-0.05, 0.07) 0.05 (-0.02, 0.11) 0.02 (-0.04, 0.08) 0.03 (-0.02, 0.09) 0.03 (-0.03, 0.08) 

IDL cholesterol 0.01 (-0.05, 0.07) 0.01 (-0.05, 0.07) 0.05 (-0.01, 0.11) 0.02 (-0.03, 0.08) 0.03 (-0.02, 0.09) 0.03 (-0.02, 0.09) 

IDL triglycerides 0.01 (-0.05, 0.07) 0.01 (-0.04, 0.07) 0.03 (-0.03, 0.09) -0.03 (-0.09, 0.03) 0.00 (-0.05, 0.06) -0.01 (-0.07, 0.04) 

HDL diameter -0.01 (-0.07, 0.04) 0.03 (-0.03, 0.09) 0.04 (-0.02, 0.10) 0.04 (-0.02, 0.09) 0.04 (-0.01, 0.09) 0.06 (0.02, 0.11) 

vL HDL lipids -0.02 (-0.08, 0.04) 0.03 (-0.03, 0.08) 0.05 (-0.01, 0.11) 0.02 (-0.03, 0.08) 0.04 (-0.01, 0.09) 0.06 (0.01, 0.11) 

L HDL lipids 0.01 (-0.05, 0.06) 0.04 (-0.01, 0.10) 0.05 (0.00, 0.11) 0.05 (-0.01, 0.11) 0.06 (0.01, 0.11) 0.07 (0.02, 0.11) 

M HDL lipids 0.05 (-0.01, 0.10) 0.04 (-0.02, 0.10) 0.02 (-0.04, 0.08) 0.03 (-0.02, 0.09) 0.04 (-0.01, 0.10) 0.05 (-0.01, 0.10) 

S HDL lipids 0.07 (0.01, 0.13) 0.05 (-0.01, 0.10) 0.01 (-0.05, 0.07) 0.03 (-0.03, 0.09) 0.03 (-0.03, 0.09) 0.01 (-0.04, 0.07) 

HDL1 cholesterol 0.02 (-0.04, 0.07) 0.04 (-0.01, 0.10) 0.05 (0.00, 0.11) 0.05 (-0.01, 0.11) 0.07 (0.02, 0.11) 0.07 (0.02, 0.12) 

HDL2 cholesterol 0.02 (-0.04, 0.07) 0.04 (-0.01, 0.10) 0.05 (0.00, 0.11) 0.05 (0.00, 0.11) 0.06 (0.02, 0.11) 0.07 (0.02, 0.12) 

HDL3 cholesterol 0.00 (-0.05, 0.06) 0.03 (-0.03, 0.09) 0.05 (-0.01, 0.11) 0.02 (-0.04, 0.08) 0.08 (0.03, 0.13) 0.06 (0.01, 0.11) 

HDL triglycerides -0.02 (-0.08, 0.04) -0.04 (-0.10, 0.02) -0.02 (-0.08, 0.04) -0.10 (-0.16, -0.05) -0.01 (-0.06, 0.05) -0.02 (-0.07, 0.04) 

F
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Total fatty acids -0.01 (-0.07, 0.05) -0.04 (-0.10, 0.02) 0.00 (-0.06, 0.06) -0.08 (-0.14, -0.03) -0.01 (-0.06, 0.05) -0.02 (-0.07, 0.03) 

Saturated fatty acids -0.03 (-0.09, 0.03) -0.05 (-0.11, 0.01) 0.00 (-0.06, 0.06) -0.09 (-0.15, -0.03) -0.01 (-0.07, 0.05) -0.02 (-0.08, 0.03) 

Saturated:total FAs -0.07 (-0.13, -0.01) -0.03 (-0.09, 0.03) -0.01 (-0.07, 0.06) -0.03 (-0.09, 0.03) -0.01 (-0.07, 0.04) -0.01 (-0.06, 0.05) 

Degree of unsaturation 0.04 (-0.02, 0.10) 0.06 (0.00, 0.12) 0.07 (0.01, 0.13) 0.11 (0.06, 0.17) 0.10 (0.05, 0.15) 0.08 (0.03, 0.13) 

Monounsaturated fatty acids -0.02 (-0.08, 0.04) -0.07 (-0.12, -0.01) -0.03 (-0.09, 0.03) -0.12 (-0.17, -0.06) -0.03 (-0.08, 0.03) -0.05 (-0.10, 0.00) 

Monounsaturated:total FAs -0.03 (-0.09, 0.03) -0.08 (-0.14, -0.03) -0.07 (-0.13, -0.01) -0.12 (-0.18, -0.07) -0.06 (-0.11, -0.01) -0.10 (-0.15, -0.05) 

Polyunsaturated fatty acids 0.03 (-0.03, 0.09) 0.02 (-0.04, 0.08) 0.04 (-0.02, 0.10) -0.02 (-0.07, 0.04) 0.03 (-0.03, 0.09) 0.03 (-0.03, 0.08) 

Polyunsaturated:total FAs 0.06 (0.00, 0.12) 0.08 (0.02, 0.14) 0.06 (0.00, 0.12) 0.11 (0.05, 0.17) 0.06 (0.00, 0.11) 0.08 (0.03, 0.14) 

Omega3 fatty acids 0.04 (-0.02, 0.10) 0.04 (-0.02, 0.10) 0.07 (0.00, 0.13) 0.01 (-0.05, 0.07) 0.06 (0.00, 0.12) 0.03 (-0.02, 0.09) 

Omega3:total FAs 0.06 (0.00, 0.12) 0.08 (0.02, 0.14) 0.09 (0.03, 0.15) 0.08 (0.02, 0.14) 0.09 (0.04, 0.15) 0.08 (0.02, 0.13) 

22:6, docosahexaenoic acid 0.03 (-0.03, 0.09) 0.05 (-0.01, 0.11) 0.08 (0.02, 0.14) 0.06 (0.00, 0.11) 0.08 (0.03, 0.14) 0.04 (-0.02, 0.09) 
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Docosahexaenoic:total FAs 0.03 (-0.03, 0.09) 0.06 (0.01, 0.12) 0.08 (0.02, 0.14) 0.10 (0.04, 0.16) 0.10 (0.05, 0.15) 0.07 (0.01, 0.12) 

Omega6 fatty acids 0.03 (-0.03, 0.09) 0.01 (-0.05, 0.07) 0.03 (-0.03, 0.10) -0.02 (-0.08, 0.04) 0.02 (-0.03, 0.08) 0.03 (-0.03, 0.08) 

Omega6:total FAs 0.05 (-0.01, 0.11) 0.07 (0.01, 0.13) 0.04 (-0.02, 0.10) 0.10 (0.05, 0.16) 0.04 (-0.01, 0.09) 0.07 (0.02, 0.13) 

18:2, linoleic acid 0.03 (-0.03, 0.09) 0.01 (-0.05, 0.07) 0.02 (-0.04, 0.08) -0.03 (-0.08, 0.03) 0.01 (-0.05, 0.06) 0.02 (-0.03, 0.08) 

Linoleic:total FAs 0.05 (-0.01, 0.11) 0.06 (0.00, 0.11) 0.02 (-0.04, 0.08) 0.07 (0.02, 0.13) 0.01 (-0.04, 0.07) 0.05 (0.00, 0.11) 

Total cholines 0.00 (-0.06, 0.06) -0.01 (-0.07, 0.05) 0.04 (-0.03, 0.10) -0.03 (-0.08, 0.03) 0.06 (0.00, 0.11) 0.05 (-0.01, 0.10) 

Phosphatidylcholine -0.01 (-0.08, 0.05) -0.03 (-0.09, 0.03) 0.02 (-0.05, 0.08) -0.05 (-0.10, 0.01) 0.06 (0.00, 0.11) 0.04 (-0.02, 0.09) 

Sphingomyelins 0.03 (-0.03, 0.09) 0.03 (-0.03, 0.09) 0.07 (0.01, 0.13) 0.04 (-0.02, 0.10) 0.04 (-0.01, 0.10) 0.05 (-0.01, 0.10) 

O
th

er
 

ApoA1 0.01 (-0.05, 0.07) 0.02 (-0.04, 0.08) 0.05 (-0.01, 0.11) 0.02 (-0.04, 0.07) 0.06 (0.01, 0.11) 0.06 (0.01, 0.11) 

ApoB 0.00 (-0.06, 0.06) -0.03 (-0.09, 0.03) 0.00 (-0.06, 0.06) -0.06 (-0.12, 0.00) -0.01 (-0.06, 0.05) -0.03 (-0.08, 0.03) 

ApoB:ApoA1 -0.01 (-0.07, 0.05) -0.04 (-0.10, 0.01) -0.02 (-0.08, 0.04) -0.07 (-0.13, -0.02) -0.04 (-0.08, 0.01) -0.05 (-0.10, 0.00) 

Pyruvate -0.05 (-0.11, 0.01) -0.09 (-0.15, -0.03) -0.05 (-0.11, 0.01) -0.06 (-0.12, 0.00) -0.05 (-0.11, 0.00) -0.05 (-0.10, 0.01) 

Citrate 0.01 (-0.05, 0.07) 0.01 (-0.04, 0.07) 0.03 (-0.04, 0.09) 0.03 (-0.03, 0.09) -0.02 (-0.08, 0.04) 0.00 (-0.05, 0.06) 

Glycerol 0.06 (-0.04, 0.15) 0.03 (-0.06, 0.12) 0.05 (-0.04, 0.14) -0.01 (-0.11, 0.08) -0.02 (-0.10, 0.05) -0.03 (-0.11, 0.04) 

Acetate 0.04 (-0.02, 0.10) 0.00 (-0.06, 0.06) 0.02 (-0.04, 0.09) 0.04 (-0.02, 0.10) -0.05 (-0.11, 0.00) -0.06 (-0.12, 0.00) 

Acetoacetate 0.01 (-0.05, 0.07) 0.05 (-0.01, 0.11) 0.02 (-0.04, 0.08) 0.03 (-0.03, 0.09) -0.01 (-0.07, 0.05) -0.04 (-0.09, 0.02) 

3hydroxybutyrate 0.02 (-0.05, 0.08) 0.05 (-0.01, 0.11) 0.04 (-0.02, 0.10) 0.05 (-0.01, 0.11) -0.03 (-0.09, 0.02) -0.05 (-0.11, 0.01) 

Alanine -0.04 (-0.11, 0.02) -0.08 (-0.14, -0.02) -0.02 (-0.08, 0.04) -0.06 (-0.12, 0.00) 0.02 (-0.04, 0.07) 0.02 (-0.03, 0.08) 

Glycine -0.04 (-0.10, 0.02) -0.06 (-0.12, -0.01) -0.04 (-0.10, 0.02) -0.07 (-0.13, -0.01) 0.00 (-0.05, 0.06) -0.02 (-0.08, 0.03) 

Isoleucine -0.01 (-0.08, 0.05) -0.07 (-0.13, -0.02) -0.03 (-0.09, 0.03) -0.07 (-0.13, -0.01) -0.02 (-0.07, 0.03) -0.02 (-0.07, 0.03) 

Leucine 0.00 (-0.06, 0.06) -0.05 (-0.11, 0.01) -0.01 (-0.07, 0.05) -0.06 (-0.12, 0.00) 0.00 (-0.05, 0.05) 0.00 (-0.05, 0.05) 

Valine 0.02 (-0.04, 0.08) -0.04 (-0.10, 0.02) 0.01 (-0.05, 0.07) -0.01 (-0.07, 0.05) 0.03 (-0.03, 0.08) 0.03 (-0.02, 0.08) 

Glutamine 0.03 (-0.03, 0.09) 0.02 (-0.04, 0.08) 0.02 (-0.04, 0.08) 0.01 (-0.05, 0.07) 0.01 (-0.05, 0.06) 0.00 (-0.06, 0.05) 

Histidine 0.01 (-0.05, 0.07) -0.03 (-0.09, 0.03) 0.00 (-0.06, 0.07) 0.00 (-0.06, 0.06) 0.04 (-0.02, 0.09) 0.02 (-0.03, 0.08) 

Phenylalanine -0.07 (-0.13, -0.01) -0.10 (-0.16, -0.04) -0.04 (-0.10, 0.02) -0.07 (-0.12, -0.01) 0.00 (-0.05, 0.06) 0.01 (-0.05, 0.06) 
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Tyrosine -0.04 (-0.11, 0.02) -0.10 (-0.16, -0.04) -0.04 (-0.10, 0.02) -0.06 (-0.12, 0.00) 0.03 (-0.03, 0.08) 0.02 (-0.03, 0.08) 

Creatinine 0.03 (-0.03, 0.09) 0.03 (-0.03, 0.09) 0.04 (-0.03, 0.10) 0.04 (-0.02, 0.10) 0.04 (-0.01, 0.09) 0.03 (-0.02, 0.08) 

Albumin 0.03 (-0.03, 0.09) 0.03 (-0.03, 0.09) 0.06 (0.00, 0.12) 0.05 (0.00, 0.11) 0.02 (-0.03, 0.08) -0.01 (-0.06, 0.05) 

GlycA 0.02 (-0.04, 0.07) -0.05 (-0.10, 0.01) 0.00 (-0.06, 0.05) -0.08 (-0.14, -0.03) -0.03 (-0.07, 0.02) -0.06 (-0.10, -0.01) 

xL, extra large; vL, very large; L, large; M, medium; S, small; vS, very small; VLDL, very low density lipoproteins; LDL, low density lipoproteins; IDL, intermediate density lipoproteins; 1 

HDL, high density lipoproteins; FAs, fatty acids; ApoA1, Apolipoprotein A1; ApoB, Apolipoprotein B; GlycA, Glyprotein acetyls. 2 

  3 
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Table S4. Regression coefficient and 95% confidence interval on original scale for each metabolite per unit increase in mental health score (on a 1 

0-1 scale), for unadjusted regression, and adjusted for age, sex, SEP, and BMI (for adults) or BMI CDC z-score (for children).  2 

Unadjusted coefficient (95% CI) 

 
 

Child Adult 

Group Metabolite CHU9D PedsQL-PS PedsQL-GW ISCWeb CHU9D AQoL8D-PS 

L
ip

id
s,

 C
h

o
le

st
er

o
l 

an
d

 T
ri

g
ly

ce
ri

d
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Total cholesterol 0.05 (-0.21, 0.31) 0.11 (-0.15, 0.38) 0.31 (0.02, 0.59) 0.12 (-0.15, 0.39) 0.51 (0.02, 1.00) 0.22 (-0.05, 0.48) 

Remnant cholesterol -0.02 (-0.13, 0.09) -0.07 (-0.18, 0.04) -0.03 (-0.15, 0.08) -0.15 (-0.26, -0.03) -0.12 (-0.35, 0.11) -0.14 (-0.27, -0.02) 

Esterified cholesterol 0.03 (-0.16, 0.22) 0.06 (-0.13, 0.25) 0.20 (-0.01, 0.41) 0.07 (-0.12, 0.27) 0.36 (0.01, 0.71) 0.16 (-0.03, 0.35) 

Free cholesterol 0.02 (-0.05, 0.10) 0.05 (-0.03, 0.13) 0.10 (0.02, 0.19) 0.05 (-0.03, 0.13) 0.15 (0.00, 0.29) 0.06 (-0.01, 0.14) 

Total triglycerides -0.07 (-0.26, 0.12) -0.26 (-0.45, -0.06) -0.30 (-0.51, -0.10) -0.51 (-0.70, -0.32) -0.59 (-1.00, -0.18) -0.51 (-0.73, -0.29) 

Total phosphoglycerides -0.02 (-0.13, 0.08) -0.03 (-0.14, 0.07) 0.04 (-0.07, 0.15) -0.08 (-0.18, 0.03) 0.21 (0.01, 0.42) 0.07 (-0.04, 0.18) 

VLDL diameter -0.21 (-0.86, 0.43) -0.78 (-1.43, -0.12) -1.25 (-1.96, -0.55) -1.50 (-2.16, -0.83) -1.95 (-2.95, -0.95) -1.44 (-1.98, -0.91) 

xL VLDL lipids -0.01 (-0.02, 0.01) -0.02 (-0.03, -0.01) -0.02 (-0.04, -0.01) -0.03 (-0.05, -0.02) -0.03 (-0.06, -0.01) -0.03 (-0.04, -0.01) 

vL VLDL lipids -0.02 (-0.05, 0.01) -0.04 (-0.07, -0.01) -0.05 (-0.08, -0.02) -0.08 (-0.11, -0.05) -0.09 (-0.15, -0.03) -0.07 (-0.10, -0.04) 

L VLDL lipids -0.04 (-0.12, 0.05) -0.12 (-0.21, -0.03) -0.14 (-0.24, -0.05) -0.23 (-0.32, -0.14) -0.27 (-0.45, -0.09) -0.22 (-0.32, -0.13) 

M VLDL lipids -0.04 (-0.15, 0.07) -0.15 (-0.26, -0.04) -0.18 (-0.29, -0.06) -0.28 (-0.40, -0.17) -0.34 (-0.58, -0.10) -0.29 (-0.42, -0.16) 

S VLDL lipids -0.01 (-0.07, 0.05) -0.07 (-0.14, -0.01) -0.08 (-0.14, -0.01) -0.14 (-0.20, -0.08) -0.16 (-0.30, -0.03) -0.15 (-0.22, -0.08) 

vS VLDL lipids 0.01 (-0.02, 0.04) 0.00 (-0.03, 0.03) 0.01 (-0.02, 0.05) -0.00 (-0.03, 0.03) -0.01 (-0.08, 0.05) -0.03 (-0.06, 0.01) 

VLDL cholesterol -0.03 (-0.10, 0.05) -0.09 (-0.17, -0.01) -0.08 (-0.17, -0.00) -0.17 (-0.25, -0.09) -0.17 (-0.34, -0.01) -0.16 (-0.25, -0.07) 

VLDL triglycerides -0.06 (-0.24, 0.11) -0.25 (-0.43, -0.07) -0.30 (-0.49, -0.11) -0.47 (-0.65, -0.29) -0.57 (-0.95, -0.19) -0.48 (-0.68, -0.28) 

LDL diameter -0.01 (-0.05, 0.03) 0.03 (-0.01, 0.08) 0.02 (-0.03, 0.07) 0.02 (-0.02, 0.07) -0.05 (-0.11, 0.01) 0.00 (-0.03, 0.04) 

L LDL lipids 0.02 (-0.08, 0.11) 0.03 (-0.06, 0.13) 0.09 (-0.02, 0.19) 0.05 (-0.05, 0.15) 0.10 (-0.07, 0.28) 0.03 (-0.07, 0.12) 

M LDL lipids 0.01 (-0.05, 0.07) 0.01 (-0.05, 0.07) 0.05 (-0.01, 0.11) 0.03 (-0.03, 0.09) 0.06 (-0.05, 0.17) 0.01 (-0.04, 0.07) 

S LDL lipids 0.01 (-0.03, 0.04) 0.01 (-0.03, 0.04) 0.03 (-0.01, 0.07) 0.02 (-0.02, 0.06) 0.04 (-0.02, 0.11) 0.01 (-0.02, 0.05) 

LDL cholesterol 0.03 (-0.11, 0.16) 0.04 (-0.11, 0.18) 0.12 (-0.03, 0.28) 0.08 (-0.06, 0.22) 0.18 (-0.08, 0.44) 0.06 (-0.08, 0.20) 
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LDL triglycerides -0.00 (-0.01, 0.01) -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.02) -0.01 (-0.02, 0.00) 0.00 (-0.03, 0.03) -0.01 (-0.02, 0.01) 

IDL lipids 0.01 (-0.07, 0.08) 0.03 (-0.05, 0.11) 0.07 (-0.01, 0.15) 0.03 (-0.05, 0.11) 0.07 (-0.07, 0.21) 0.02 (-0.05, 0.10) 

IDL cholesterol 0.01 (-0.04, 0.06) 0.02 (-0.03, 0.08) 0.05 (-0.01, 0.11) 0.03 (-0.02, 0.08) 0.05 (-0.05, 0.15) 0.02 (-0.03, 0.07) 

IDL triglycerides 0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) -0.00 (-0.01, 0.00) -0.01 (-0.02, 0.01) -0.01 (-0.02, 0.00) 

HDL diameter -0.01 (-0.10, 0.09) 0.11 (0.01, 0.20) 0.16 (0.06, 0.27) 0.14 (0.04, 0.24) 0.27 (0.10, 0.43) 0.22 (0.13, 0.30) 

vL HDL lipids -0.01 (-0.09, 0.07) 0.08 (-0.00, 0.16) 0.14 (0.05, 0.22) 0.09 (0.01, 0.17) 0.23 (0.09, 0.38) 0.17 (0.10, 0.25) 

L HDL lipids 0.04 (-0.08, 0.15) 0.16 (0.04, 0.28) 0.23 (0.11, 0.36) 0.20 (0.08, 0.32) 0.45 (0.21, 0.69) 0.32 (0.19, 0.45) 

M HDL lipids 0.04 (-0.01, 0.10) 0.05 (-0.01, 0.10) 0.04 (-0.02, 0.10) 0.04 (-0.01, 0.10) 0.09 (-0.02, 0.20) 0.06 (0.00, 0.12) 

S HDL lipids 0.06 (0.01, 0.10) 0.03 (-0.02, 0.08) 0.00 (-0.05, 0.05) 0.02 (-0.03, 0.07) 0.01 (-0.07, 0.10) -0.01 (-0.06, 0.04) 

HDL1 cholesterol 0.05 (-0.06, 0.16) 0.14 (0.03, 0.26) 0.22 (0.10, 0.34) 0.19 (0.07, 0.30) 0.45 (0.22, 0.68) 0.30 (0.18, 0.42) 

HDL2 cholesterol 0.05 (-0.06, 0.15) 0.14 (0.03, 0.24) 0.20 (0.09, 0.32) 0.18 (0.07, 0.29) 0.41 (0.20, 0.62) 0.28 (0.17, 0.39) 

HDL3 cholesterol 0.00 (-0.01, 0.01) 0.01 (-0.00, 0.02) 0.02 (0.01, 0.03) 0.01 (-0.00, 0.02) 0.04 (0.02, 0.06) 0.02 (0.01, 0.03) 

HDL triglycerides -0.00 (-0.02, 0.01) -0.01 (-0.02, 0.01) -0.01 (-0.02, 0.01) -0.02 (-0.04, -0.01) -0.01 (-0.04, 0.01) -0.01 (-0.03, 0.00) 

F
at

ty
 A

ci
d
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an

d
 C
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Total fatty acids -0.11 (-0.79, 0.57) -0.47 (-1.16, 0.22) -0.26 (-1.00, 0.48) -1.19 (-1.89, -0.49) -0.77 (-2.20, 0.67) -0.86 (-1.63, -0.09) 

Saturated fatty acids -0.13 (-0.39, 0.13) -0.22 (-0.49, 0.04) -0.13 (-0.42, 0.15) -0.50 (-0.77, -0.22) -0.33 (-0.89, 0.23) -0.34 (-0.64, -0.04) 

Saturated:total FAs -0.75 (-1.46, -0.03) -0.32 (-1.06, 0.41) -0.17 (-0.96, 0.63) -0.42 (-1.16, 0.33) -0.28 (-1.46, 0.90) -0.04 (-0.67, 0.60) 

Degree of unsaturation 0.02 (-0.01, 0.04) 0.03 (0.00, 0.05) 0.04 (0.01, 0.07) 0.06 (0.03, 0.08) 0.10 (0.06, 0.14) 0.06 (0.04, 0.08) 

Monounsaturated fatty acids -0.11 (-0.37, 0.14) -0.35 (-0.61, -0.09) -0.30 (-0.58, -0.02) -0.65 (-0.92, -0.39) -0.63 (-1.18, -0.07) -0.58 (-0.88, -0.28) 

Monounsaturated:total FAs -0.71 (-1.78, 0.35) -2.01 (-3.10, -0.93) -2.20 (-3.36, -1.04) -3.02 (-4.11, -1.92) -3.63 (-5.36, -1.90) -3.06 (-3.99, -2.14) 

Polyunsaturated fatty acids 0.13 (-0.10, 0.36) 0.10 (-0.13, 0.34) 0.17 (-0.08, 0.43) -0.04 (-0.28, 0.19) 0.19 (-0.23, 0.62) 0.07 (-0.16, 0.30) 

Polyunsaturated:total FAs 1.46 (0.10, 2.83) 2.34 (0.94, 3.73) 2.36 (0.86, 3.86) 3.44 (2.03, 4.84) 3.91 (1.74, 6.07) 3.10 (1.94, 4.26) 

Omega3 fatty acids 0.02 (-0.01, 0.06) 0.02 (-0.01, 0.06) 0.04 (0.00, 0.08) 0.00 (-0.03, 0.04) 0.09 (0.01, 0.16) 0.03 (-0.01, 0.07) 

Omega3:total FAs 0.23 (-0.01, 0.48) 0.35 (0.10, 0.60) 0.44 (0.17, 0.71) 0.41 (0.16, 0.66) 0.99 (0.57, 1.41) 0.54 (0.31, 0.76) 

22:6, docosahexaenoic acid 0.01 (-0.01, 0.02) 0.01 (0.00, 0.02) 0.02 (0.01, 0.03) 0.01 (0.00, 0.03) 0.05 (0.02, 0.07) 0.02 (0.00, 0.03) 

Docosahexaenoic:total FAs 0.05 (-0.05, 0.15) 0.15 (0.04, 0.26) 0.21 (0.09, 0.32) 0.22 (0.12, 0.33) 0.45 (0.28, 0.62) 0.22 (0.13, 0.32) 



Lange: Metabolic profiles of mental health 

16 of 46 

 

Omega6 fatty acids 0.11 (-0.09, 0.31) 0.08 (-0.12, 0.28) 0.14 (-0.09, 0.36) -0.05 (-0.25, 0.16) 0.11 (-0.26, 0.47) 0.04 (-0.16, 0.24) 

Omega6:total FAs 1.23 (-0.04, 2.50) 1.99 (0.69, 3.28) 1.93 (0.53, 3.32) 3.03 (1.72, 4.34) 2.92 (0.89, 4.94) 2.56 (1.48, 3.65) 

18:2, linoleic acid 0.10 (-0.08, 0.29) 0.08 (-0.12, 0.27) 0.09 (-0.12, 0.30) -0.05 (-0.25, 0.14) 0.03 (-0.31, 0.37) 0.03 (-0.15, 0.21) 

Linoleic:total FAs 1.19 (-0.14, 2.52) 1.80 (0.45, 3.15) 1.46 (0.00, 2.92) 2.46 (1.09, 3.82) 1.88 (-0.18, 3.94) 2.04 (0.94, 3.15) 

Total cholines -0.00 (-0.11, 0.11) 0.01 (-0.10, 0.12) 0.10 (-0.02, 0.21) -0.02 (-0.13, 0.09) 0.25 (0.05, 0.46) 0.12 (0.00, 0.23) 

Phosphatidylcholine -0.02 (-0.12, 0.08) -0.02 (-0.13, 0.08) 0.05 (-0.07, 0.16) -0.06 (-0.17, 0.04) 0.21 (0.01, 0.41) 0.08 (-0.03, 0.19) 

Sphingomyelins 0.01 (-0.01, 0.04) 0.03 (-0.00, 0.05) 0.05 (0.02, 0.07) 0.03 (0.00, 0.06) 0.05 (0.00, 0.10) 0.03 (0.00, 0.05) 

O
th

er
 

ApoA1 0.02 (-0.04, 0.09) 0.05 (-0.01, 0.12) 0.11 (0.04, 0.18) 0.06 (-0.00, 0.13) 0.22 (0.10, 0.35) 0.13 (0.07, 0.20) 

ApoB -0.01 (-0.06, 0.05) -0.04 (-0.09, 0.02) -0.03 (-0.09, 0.03) -0.08 (-0.14, -0.02) -0.07 (-0.19, 0.05) -0.08 (-0.15, -0.02) 

ApoB:ApoA1 -0.01 (-0.05, 0.03) -0.05 (-0.09, -0.00) -0.05 (-0.09, -0.01) -0.08 (-0.12, -0.04) -0.11 (-0.20, -0.03) -0.10 (-0.14, -0.05) 

Pyruvate -0.01 (-0.02, 0.00) -0.02 (-0.03, -0.01) -0.01 (-0.02, 0.00) -0.01 (-0.02, -0.00) -0.03 (-0.05, -0.01) -0.02 (-0.03, -0.01) 

Citrate 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 0.01 (-0.00, 0.02) 0.01 (-0.00, 0.01) -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 

Glycerol 0.01 (-0.00, 0.02) 0.00 (-0.01, 0.02) 0.00 (-0.02, 0.02) -0.01 (-0.02, 0.01) -0.02 (-0.04, -0.00) -0.02 (-0.03, -0.01) 

Acetate 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) -0.02 (-0.04, 0.00) -0.01 (-0.02, 0.00) 

Acetoacetate 0.00 (-0.01, 0.01) 0.01 (-0.00, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.01, 0.01) -0.00 (-0.01, 0.00) 

3hydroxybutyrate 0.01 (-0.03, 0.05) 0.04 (-0.00, 0.08) 0.04 (-0.00, 0.08) 0.04 (-0.00, 0.08) -0.02 (-0.08, 0.03) -0.02 (-0.05, 0.01) 

Alanine -0.02 (-0.04, 0.01) -0.03 (-0.06, -0.01) -0.01 (-0.04, 0.02) -0.03 (-0.05, -0.00) 0.01 (-0.03, 0.04) 0.00 (-0.02, 0.02) 

Glycine -0.01 (-0.02, 0.00) -0.01 (-0.03, 0.00) -0.01 (-0.02, 0.01) -0.01 (-0.03, -0.00) 0.00 (-0.03, 0.04) -0.01 (-0.03, 0.01) 

Isoleucine -0.00 (-0.01, 0.00) -0.01 (-0.02, -0.00) -0.01 (-0.02, -0.00) -0.01 (-0.02, -0.01) -0.01 (-0.02, 0.00) -0.01 (-0.01, -0.00) 

Leucine -0.00 (-0.01, 0.01) -0.01 (-0.02, -0.00) -0.01 (-0.02, 0.00) -0.01 (-0.02, -0.00) -0.00 (-0.02, 0.01) -0.00 (-0.01, 0.00) 

Valine 0.00 (-0.01, 0.02) -0.01 (-0.03, 0.00) -0.01 (-0.02, 0.01) -0.01 (-0.03, 0.00) 0.01 (-0.02, 0.03) 0.00 (-0.01, 0.02) 

Glutamine 0.01 (-0.01, 0.04) 0.02 (-0.00, 0.04) 0.02 (-0.00, 0.04) 0.02 (-0.01, 0.04) 0.04 (-0.00, 0.07) 0.02 (-0.00, 0.04) 

Histidine 0.00 (-0.00, 0.00) -0.00 (-0.01, 0.00) -0.00 (-0.00, 0.00) -0.00 (-0.00, 0.00) 0.01 (0.00, 0.01) 0.00 (-0.00, 0.01) 

Phenylalanine -0.00 (-0.01, -0.00) -0.01 (-0.01, -0.00) -0.00 (-0.01, -0.00) -0.01 (-0.01, -0.00) -0.01 (-0.01, 0.00) -0.00 (-0.01, -0.00) 

Tyrosine -0.00 (-0.01, 0.00) -0.01 (-0.02, -0.00) -0.01 (-0.01, 0.00) -0.01 (-0.01, -0.00) 0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) 
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Creatinine 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.01 (0.00, 0.01) 0.00 (0.00, 0.01) 

Albumin 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.01) 0.00 (-0.00, 0.00) 

GlycA 0.01 (-0.07, 0.08) -0.10 (-0.17, -0.02) -0.09 (-0.17, -0.01) -0.17 (-0.25, -0.09) -0.25 (-0.39, -0.10) -0.22 (-0.30, -0.14) 

Adjusted coefficient (95% CI) 

 
 

Child Adult 

Group Metabolite CHU9D PedsQL-PS PedsQL-GW ISCWeb CHU9D AQoL8D-PS 
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Total cholesterol 0.04 (-0.22, 0.30) 0.04 (-0.23, 0.31) 0.24 (-0.05, 0.53) 0.06 (-0.22, 0.33) 0.44 (-0.06, 0.93) 0.20 (-0.07, 0.47) 

Remnant cholesterol -0.01 (-0.12, 0.09) -0.06 (-0.17, 0.05) 0.02 (-0.10, 0.14) -0.11 (-0.22, 0.00) -0.01 (-0.23, 0.21) -0.04 (-0.16, 0.08) 

Esterified cholesterol 0.02 (-0.17, 0.21) 0.01 (-0.19, 0.20) 0.16 (-0.05, 0.37) 0.03 (-0.17, 0.23) 0.31 (-0.05, 0.67) 0.15 (-0.05, 0.34) 

Free cholesterol 0.02 (-0.06, 0.09) 0.03 (-0.05, 0.10) 0.08 (-0.01, 0.16) 0.03 (-0.05, 0.11) 0.12 (-0.02, 0.27) 0.06 (-0.02, 0.13) 

Total triglycerides -0.05 (-0.23, 0.14) -0.19 (-0.38, -0.01) -0.15 (-0.35, 0.05) -0.40 (-0.59, -0.21) -0.31 (-0.69, 0.07) -0.27 (-0.48, -0.06) 

Total phosphoglycerides -0.03 (-0.13, 0.07) -0.06 (-0.16, 0.05) 0.03 (-0.09, 0.14) -0.10 (-0.20, 0.01) 0.19 (-0.02, 0.40) 0.07 (-0.05, 0.18) 

VLDL diameter -0.15 (-0.78, 0.48) -0.54 (-1.20, 0.11) -0.78 (-1.48, -0.08) -1.14 (-1.80, -0.48) -1.17 (-2.07, -0.28) -0.82 (-1.31, -0.33) 

xL VLDL lipids -0.01 (-0.02, 0.01) -0.02 (-0.03, -0.00) -0.01 (-0.03, 0.00) -0.03 (-0.04, -0.01) -0.02 (-0.05, 0.00) -0.02 (-0.03, -0.00) 

vL VLDL lipids -0.01 (-0.04, 0.02) -0.04 (-0.07, -0.01) -0.03 (-0.06, 0.00) -0.06 (-0.09, -0.03) -0.05 (-0.11, 0.00) -0.04 (-0.07, -0.01) 

L VLDL lipids -0.03 (-0.11, 0.06) -0.09 (-0.18, -0.01) -0.07 (-0.16, 0.02) -0.18 (-0.27, -0.09) -0.15 (-0.32, 0.02) -0.12 (-0.21, -0.03) 

M VLDL lipids -0.02 (-0.13, 0.08) -0.11 (-0.22, 0.00) -0.08 (-0.20, 0.03) -0.22 (-0.33, -0.10) -0.18 (-0.40, 0.04) -0.16 (-0.27, -0.04) 

S VLDL lipids -0.00 (-0.06, 0.05) -0.05 (-0.11, 0.01) -0.03 (-0.09, 0.03) -0.10 (-0.16, -0.04) -0.07 (-0.19, 0.05) -0.07 (-0.14, -0.00) 

vS VLDL lipids 0.01 (-0.02, 0.04) 0.00 (-0.03, 0.03) 0.02 (-0.01, 0.06) 0.00 (-0.03, 0.04) 0.02 (-0.05, 0.08) -0.00 (-0.04, 0.03) 

VLDL cholesterol -0.02 (-0.09, 0.06) -0.07 (-0.14, 0.01) -0.03 (-0.11, 0.05) -0.13 (-0.20, -0.05) -0.07 (-0.22, 0.09) -0.07 (-0.16, 0.01) 

VLDL triglycerides -0.04 (-0.21, 0.13) -0.18 (-0.36, -0.01) -0.15 (-0.34, 0.03) -0.36 (-0.54, -0.19) -0.32 (-0.66, 0.03) -0.27 (-0.45, -0.08) 

LDL diameter -0.01 (-0.05, 0.03) 0.02 (-0.02, 0.07) 0.01 (-0.04, 0.06) 0.01 (-0.03, 0.06) -0.03 (-0.09, 0.03) 0.01 (-0.02, 0.04) 

L LDL lipids 0.02 (-0.08, 0.11) 0.02 (-0.08, 0.11) 0.08 (-0.03, 0.18) 0.04 (-0.06, 0.14) 0.11 (-0.07, 0.29) 0.05 (-0.05, 0.15) 

M LDL lipids 0.01 (-0.05, 0.07) 0.01 (-0.05, 0.06) 0.05 (-0.02, 0.11) 0.02 (-0.04, 0.09) 0.07 (-0.04, 0.18) 0.03 (-0.03, 0.09) 

S LDL lipids 0.01 (-0.03, 0.04) 0.00 (-0.03, 0.04) 0.03 (-0.01, 0.07) 0.02 (-0.02, 0.05) 0.05 (-0.02, 0.11) 0.02 (-0.02, 0.06) 
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LDL cholesterol 0.02 (-0.11, 0.16) 0.01 (-0.13, 0.16) 0.11 (-0.04, 0.27) 0.07 (-0.08, 0.21) 0.18 (-0.09, 0.44) 0.08 (-0.07, 0.23) 

LDL triglycerides -0.00 (-0.01, 0.01) -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.02) -0.01 (-0.02, -0.00) 0.01 (-0.02, 0.03) -0.00 (-0.02, 0.01) 

IDL lipids 0.01 (-0.07, 0.08) 0.01 (-0.06, 0.09) 0.06 (-0.02, 0.15) 0.02 (-0.06, 0.10) 0.09 (-0.06, 0.23) 0.04 (-0.04, 0.12) 

IDL cholesterol 0.01 (-0.05, 0.06) 0.01 (-0.04, 0.07) 0.05 (-0.01, 0.10) 0.02 (-0.03, 0.08) 0.06 (-0.04, 0.16) 0.03 (-0.02, 0.09) 

IDL triglycerides 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) -0.00 (-0.01, 0.00) 0.00 (-0.02, 0.02) -0.00 (-0.01, 0.01) 

HDL diameter -0.02 (-0.11, 0.07) 0.05 (-0.04, 0.14) 0.07 (-0.03, 0.17) 0.06 (-0.03, 0.16) 0.12 (-0.02, 0.27) 0.10 (0.03, 0.18) 

vL HDL lipids -0.02 (-0.10, 0.05) 0.03 (-0.04, 0.11) 0.07 (-0.02, 0.15) 0.03 (-0.05, 0.11) 0.11 (-0.01, 0.24) 0.09 (0.02, 0.16) 

L HDL lipids 0.01 (-0.10, 0.12) 0.09 (-0.03, 0.20) 0.11 (-0.01, 0.23) 0.10 (-0.01, 0.22) 0.25 (0.04, 0.46) 0.17 (0.05, 0.28) 

M HDL lipids 0.04 (-0.01, 0.09) 0.04 (-0.02, 0.09) 0.02 (-0.04, 0.08) 0.03 (-0.02, 0.09) 0.08 (-0.02, 0.19) 0.05 (-0.01, 0.11) 

S HDL lipids 0.06 (0.01, 0.10) 0.04 (-0.01, 0.09) 0.01 (-0.04, 0.06) 0.03 (-0.02, 0.07) 0.05 (-0.04, 0.13) 0.01 (-0.04, 0.06) 

HDL1 cholesterol 0.03 (-0.08, 0.13) 0.08 (-0.03, 0.19) 0.11 (-0.01, 0.23) 0.10 (-0.01, 0.21) 0.27 (0.07, 0.47) 0.16 (0.05, 0.27) 

HDL2 cholesterol 0.03 (-0.07, 0.13) 0.08 (-0.02, 0.18) 0.10 (-0.01, 0.21) 0.10 (-0.01, 0.20) 0.24 (0.06, 0.43) 0.15 (0.05, 0.25) 

HDL3 cholesterol 0.00 (-0.01, 0.01) 0.01 (-0.00, 0.02) 0.01 (-0.00, 0.02) 0.00 (-0.01, 0.01) 0.03 (0.01, 0.05) 0.01 (0.00, 0.02) 

HDL triglycerides -0.00 (-0.02, 0.01) -0.01 (-0.02, 0.00) -0.00 (-0.02, 0.01) -0.02 (-0.03, -0.01) -0.00 (-0.03, 0.02) -0.00 (-0.02, 0.01) 

F
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Total fatty acids -0.08 (-0.75, 0.59) -0.43 (-1.13, 0.26) 0.01 (-0.74, 0.75) -1.03 (-1.73, -0.33) -0.13 (-1.55, 1.29) -0.28 (-1.06, 0.49) 

Saturated fatty acids -0.12 (-0.38, 0.14) -0.21 (-0.48, 0.06) -0.02 (-0.31, 0.27) -0.43 (-0.70, -0.16) -0.10 (-0.65, 0.46) -0.13 (-0.44, 0.17) 

Saturated:total FAs -0.77 (-1.49, -0.06) -0.33 (-1.08, 0.41) -0.07 (-0.87, 0.74) -0.37 (-1.12, 0.38) -0.28 (-1.49, 0.92) -0.07 (-0.73, 0.58) 

Degree of unsaturation 0.02 (-0.01, 0.04) 0.03 (0.00, 0.05) 0.03 (0.00, 0.06) 0.05 (0.02, 0.07) 0.07 (0.03, 0.11) 0.03 (0.01, 0.05) 

Monounsaturated fatty acids -0.09 (-0.33, 0.16) -0.29 (-0.55, -0.03) -0.14 (-0.41, 0.14) -0.54 (-0.80, -0.28) -0.26 (-0.80, 0.28) -0.28 (-0.57, 0.02) 

Monounsaturated:total FAs -0.54 (-1.57, 0.49) -1.54 (-2.61, -0.47) -1.33 (-2.48, -0.18) -2.35 (-3.43, -1.27) -1.91 (-3.49, -0.33) -1.77 (-2.63, -0.90) 

Polyunsaturated fatty acids 0.13 (-0.10, 0.35) 0.07 (-0.17, 0.30) 0.17 (-0.09, 0.42) -0.06 (-0.30, 0.18) 0.23 (-0.20, 0.66) 0.13 (-0.11, 0.36) 

Polyunsaturated:total FAs 1.32 (-0.02, 2.65) 1.88 (0.48, 3.27) 1.40 (-0.10, 2.89) 2.73 (1.33, 4.13) 2.19 (0.13, 4.25) 1.84 (0.72, 2.97) 

Omega3 fatty acids 0.02 (-0.01, 0.06) 0.02 (-0.01, 0.06) 0.04 (0.00, 0.08) 0.00 (-0.03, 0.04) 0.08 (0.01, 0.15) 0.03 (-0.01, 0.07) 

Omega3:total FAs 0.23 (-0.01, 0.47) 0.32 (0.07, 0.57) 0.38 (0.11, 0.65) 0.36 (0.11, 0.61) 0.71 (0.29, 1.12) 0.33 (0.11, 0.56) 

22:6, docosahexaenoic acid 0.01 (-0.01, 0.02) 0.01 (-0.00, 0.02) 0.02 (0.00, 0.03) 0.01 (-0.00, 0.02) 0.04 (0.01, 0.06) 0.01 (-0.00, 0.02) 
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Docosahexaenoic:total FAs 0.05 (-0.05, 0.15) 0.12 (0.01, 0.22) 0.16 (0.04, 0.28) 0.18 (0.07, 0.29) 0.30 (0.14, 0.47) 0.11 (0.02, 0.21) 

Omega6 fatty acids 0.10 (-0.09, 0.30) 0.04 (-0.16, 0.25) 0.12 (-0.10, 0.35) -0.07 (-0.27, 0.14) 0.15 (-0.23, 0.52) 0.10 (-0.10, 0.31) 

Omega6:total FAs 1.08 (-0.16, 2.33) 1.55 (0.26, 2.85) 1.01 (-0.38, 2.40) 2.37 (1.06, 3.67) 1.48 (-0.45, 3.42) 1.51 (0.45, 2.56) 

18:2, linoleic acid 0.09 (-0.09, 0.28) 0.03 (-0.16, 0.23) 0.06 (-0.15, 0.27) -0.09 (-0.28, 0.11) 0.05 (-0.30, 0.39) 0.08 (-0.11, 0.27) 

Linoleic:total FAs 1.03 (-0.27, 2.33) 1.29 (-0.06, 2.64) 0.46 (-0.99, 1.92) 1.72 (0.36, 3.08) 0.54 (-1.48, 2.56) 1.10 (0.00, 2.21) 

Total cholines -0.01 (-0.11, 0.10) -0.03 (-0.13, 0.08) 0.07 (-0.05, 0.19) -0.05 (-0.16, 0.06) 0.22 (0.01, 0.43) 0.10 (-0.01, 0.21) 

Phosphatidylcholine -0.02 (-0.13, 0.08) -0.05 (-0.16, 0.06) 0.03 (-0.09, 0.15) -0.08 (-0.19, 0.02) 0.20 (-0.00, 0.40) 0.08 (-0.03, 0.18) 

Sphingomyelins 0.01 (-0.01, 0.04) 0.01 (-0.01, 0.04) 0.03 (0.00, 0.06) 0.02 (-0.01, 0.05) 0.04 (-0.01, 0.08) 0.02 (-0.00, 0.05) 

O
th

er
 

ApoA1 0.01 (-0.05, 0.07) 0.02 (-0.04, 0.08) 0.06 (-0.01, 0.13) 0.02 (-0.04, 0.08) 0.14 (0.02, 0.26) 0.07 (0.01, 0.14) 

ApoB -0.00 (-0.06, 0.05) -0.03 (-0.09, 0.02) 0.00 (-0.06, 0.06) -0.06 (-0.12, -0.00) -0.02 (-0.13, 0.10) -0.03 (-0.09, 0.03) 

ApoB:ApoA1 -0.01 (-0.05, 0.03) -0.03 (-0.07, 0.01) -0.01 (-0.06, 0.03) -0.05 (-0.09, -0.01) -0.05 (-0.13, 0.02) -0.05 (-0.09, -0.00) 

Pyruvate -0.01 (-0.02, 0.00) -0.01 (-0.02, -0.00) -0.01 (-0.02, 0.00) -0.01 (-0.02, 0.00) -0.02 (-0.04, 0.00) -0.01 (-0.02, 0.00) 

Citrate 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 

Glycerol 0.01 (-0.01, 0.02) 0.01 (-0.01, 0.02) 0.01 (-0.01, 0.02) -0.00 (-0.02, 0.01) -0.01 (-0.02, 0.01) -0.00 (-0.01, 0.01) 

Acetate 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) -0.02 (-0.05, 0.00) -0.01 (-0.03, -0.00) 

Acetoacetate 0.00 (-0.01, 0.01) 0.01 (-0.00, 0.01) 0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) -0.00 (-0.01, 0.01) -0.00 (-0.01, 0.00) 

3hydroxybutyrate 0.01 (-0.03, 0.05) 0.03 (-0.01, 0.07) 0.03 (-0.01, 0.07) 0.03 (-0.01, 0.07) -0.03 (-0.08, 0.02) -0.03 (-0.05, 0.00) 

Alanine -0.02 (-0.04, 0.01) -0.04 (-0.06, -0.01) -0.01 (-0.04, 0.02) -0.03 (-0.05, -0.00) 0.01 (-0.02, 0.05) 0.01 (-0.01, 0.03) 

Glycine -0.01 (-0.02, 0.00) -0.01 (-0.03, -0.00) -0.01 (-0.02, 0.01) -0.02 (-0.03, -0.00) 0.00 (-0.03, 0.04) -0.01 (-0.03, 0.01) 

Isoleucine -0.00 (-0.01, 0.01) -0.01 (-0.02, -0.00) -0.00 (-0.01, 0.00) -0.01 (-0.02, -0.00) -0.00 (-0.02, 0.01) -0.00 (-0.01, 0.00) 

Leucine -0.00 (-0.01, 0.01) -0.01 (-0.01, 0.00) -0.00 (-0.01, 0.01) -0.01 (-0.02, 0.00) 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 

Valine 0.01 (-0.01, 0.02) -0.01 (-0.02, 0.01) 0.00 (-0.01, 0.02) -0.00 (-0.02, 0.01) 0.01 (-0.01, 0.04) 0.01 (-0.01, 0.02) 

Glutamine 0.01 (-0.01, 0.03) 0.01 (-0.01, 0.03) 0.01 (-0.02, 0.03) 0.00 (-0.02, 0.03) 0.01 (-0.03, 0.04) -0.00 (-0.02, 0.02) 

Histidine 0.00 (-0.00, 0.00) -0.00 (-0.01, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.00) 

Phenylalanine -0.00 (-0.01, -0.00) -0.01 (-0.01, -0.00) -0.00 (-0.01, 0.00) -0.00 (-0.01, -0.00) 0.00 (-0.01, 0.01) 0.00 (-0.00, 0.00) 
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Tyrosine -0.00 (-0.01, 0.00) -0.01 (-0.02, -0.00) -0.00 (-0.01, 0.00) -0.01 (-0.01, -0.00) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 

Creatinine 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 

Albumin 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) -0.00 (-0.00, 0.00) 

GlycA 0.02 (-0.05, 0.09) -0.06 (-0.13, 0.01) -0.01 (-0.08, 0.07) -0.11 (-0.18, -0.03) -0.06 (-0.19, 0.06) -0.08 (-0.15, -0.01) 

xL, extra large; vL, very large; L, large; M, medium; S, small; vS, very small; VLDL, very low density lipoproteins; LDL, low density lipoproteins; IDL, intermediate density lipoproteins; 1 

HDL, high density lipoproteins; FAs, fatty acids; ApoA1, Apolipoprotein A1; ApoB, Apolipoprotein B; GlycA, Glyprotein acetyls. 2 

  3 
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Table S5. Regression coefficient and 95% confidence interval on original scale for each metabolite per unit increase in mental health score (on a 1 

0-1 scale), adjusted for age, sex, SEP, BMI CDC z-score and puberty development score, for children only.  2 

Adjusted coefficient (95% CI) 

Group Metabolite CHU9D PedsQL-PS PedsQL-GW ISCWeb 

L
ip

id
s,
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Total cholesterol -0.02 (-0.29, 0.25) -0.10 (-0.38, 0.18) 0.14 (-0.17, 0.45) -0.02 (-0.30, 0.26) 

Remnant cholesterol -0.02 (-0.13, 0.09) -0.09 (-0.21, 0.02) 0.01 (-0.12, 0.13) -0.13 (-0.25, -0.02) 

Esterified cholesterol -0.02 (-0.22, 0.17) -0.09 (-0.29, 0.11) 0.09 (-0.13, 0.31) -0.03 (-0.23, 0.18) 

Free cholesterol -0.00 (-0.08, 0.08) -0.01 (-0.09, 0.07) 0.05 (-0.04, 0.14) 0.01 (-0.07, 0.09) 

Total triglycerides -0.03 (-0.22, 0.16) -0.21 (-0.41, -0.01) -0.13 (-0.34, 0.09) -0.40 (-0.60, -0.21) 

Total phosphoglycerides -0.05 (-0.16, 0.06) -0.11 (-0.22, -0.00) -0.01 (-0.13, 0.11) -0.12 (-0.24, -0.01) 

VLDL diameter 0.03 (-0.63, 0.69) -0.45 (-1.14, 0.25) -0.56 (-1.31, 0.18) -1.04 (-1.73, -0.35) 

xL VLDL lipids -0.01 (-0.02, 0.01) -0.02 (-0.03, -0.00) -0.01 (-0.03, 0.00) -0.03 (-0.04, -0.01) 

vL VLDL lipids -0.01 (-0.04, 0.02) -0.04 (-0.07, -0.01) -0.02 (-0.06, 0.01) -0.06 (-0.09, -0.03) 

L VLDL lipids -0.02 (-0.10, 0.07) -0.09 (-0.19, -0.00) -0.06 (-0.16, 0.04) -0.18 (-0.27, -0.09) 

M VLDL lipids -0.01 (-0.12, 0.10) -0.11 (-0.23, 0.00) -0.06 (-0.19, 0.06) -0.22 (-0.33, -0.10) 

S VLDL lipids -0.00 (-0.06, 0.06) -0.06 (-0.12, 0.00) -0.02 (-0.09, 0.04) -0.11 (-0.17, -0.05) 

vS VLDL lipids 0.00 (-0.03, 0.03) -0.01 (-0.04, 0.02) 0.02 (-0.02, 0.05) -0.00 (-0.04, 0.03) 

VLDL cholesterol -0.02 (-0.09, 0.06) -0.08 (-0.16, -0.00) -0.02 (-0.11, 0.06) -0.14 (-0.22, -0.06) 

VLDL triglycerides -0.02 (-0.20, 0.15) -0.19 (-0.38, -0.01) -0.12 (-0.32, 0.07) -0.36 (-0.55, -0.18) 

LDL diameter -0.01 (-0.06, 0.03) 0.04 (-0.00, 0.09) 0.02 (-0.03, 0.07) 0.03 (-0.02, 0.08) 

L LDL lipids -0.00 (-0.10, 0.09) -0.02 (-0.13, 0.08) 0.05 (-0.06, 0.16) 0.02 (-0.08, 0.12) 

M LDL lipids 0.00 (-0.06, 0.06) -0.02 (-0.08, 0.04) 0.03 (-0.04, 0.10) 0.01 (-0.05, 0.07) 

S LDL lipids 0.00 (-0.03, 0.04) -0.01 (-0.05, 0.03) 0.02 (-0.03, 0.06) 0.01 (-0.03, 0.05) 

LDL cholesterol -0.00 (-0.14, 0.14) -0.05 (-0.20, 0.11) 0.07 (-0.09, 0.24) 0.03 (-0.12, 0.18) 

LDL triglycerides -0.01 (-0.02, 0.01) -0.01 (-0.02, 0.00) 0.00 (-0.01, 0.01) -0.01 (-0.02, -0.00) 
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IDL lipids -0.01 (-0.09, 0.07) -0.02 (-0.10, 0.06) 0.04 (-0.05, 0.13) 0.00 (-0.08, 0.09) 

IDL cholesterol -0.00 (-0.06, 0.05) -0.01 (-0.07, 0.05) 0.03 (-0.03, 0.09) 0.01 (-0.05, 0.07) 

IDL triglycerides -0.00 (-0.01, 0.01) -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) -0.00 (-0.01, 0.00) 

HDL diameter -0.04 (-0.13, 0.06) 0.04 (-0.06, 0.14) 0.05 (-0.06, 0.15) 0.06 (-0.04, 0.16) 

vL HDL lipids -0.03 (-0.11, 0.05) 0.02 (-0.06, 0.10) 0.05 (-0.04, 0.14) 0.03 (-0.06, 0.11) 

L HDL lipids -0.01 (-0.12, 0.11) 0.06 (-0.06, 0.18) 0.07 (-0.06, 0.20) 0.09 (-0.02, 0.21) 

M HDL lipids 0.03 (-0.02, 0.08) 0.02 (-0.04, 0.07) -0.00 (-0.06, 0.06) 0.03 (-0.03, 0.08) 

S HDL lipids 0.05 (0.01, 0.10) 0.03 (-0.02, 0.08) 0.00 (-0.06, 0.06) 0.02 (-0.03, 0.07) 

HDL1 cholesterol 0.00 (-0.11, 0.11) 0.04 (-0.07, 0.16) 0.06 (-0.06, 0.18) 0.08 (-0.03, 0.20) 

HDL2 cholesterol 0.00 (-0.10, 0.11) 0.04 (-0.06, 0.15) 0.06 (-0.06, 0.17) 0.08 (-0.02, 0.19) 

HDL3 cholesterol -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.02) 0.00 (-0.01, 0.01) 

HDL triglycerides -0.00 (-0.02, 0.01) -0.01 (-0.02, 0.00) -0.00 (-0.02, 0.01) -0.02 (-0.04, -0.01) 

F
at
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Total fatty acids -0.22 (-0.92, 0.47) -0.75 (-1.48, -0.02) -0.15 (-0.93, 0.63) -1.18 (-1.91, -0.46) 

Saturated fatty acids -0.17 (-0.44, 0.10) -0.31 (-0.60, -0.03) -0.07 (-0.37, 0.24) -0.48 (-0.76, -0.20) 

Saturated:total FAs -0.74 (-1.50, 0.01) -0.17 (-0.96, 0.62) 0.08 (-0.78, 0.93) -0.35 (-1.13, 0.44) 

Degree of unsaturation 0.02 (-0.01, 0.04) 0.02 (-0.00, 0.05) 0.03 (-0.00, 0.05) 0.05 (0.02, 0.07) 

Monounsaturated fatty acids -0.11 (-0.37, 0.15) -0.37 (-0.65, -0.10) -0.15 (-0.44, 0.14) -0.57 (-0.84, -0.30) 

Monounsaturated:total FAs -0.31 (-1.40, 0.77) -1.47 (-2.60, -0.34) -0.98 (-2.20, 0.24) -2.19 (-3.33, -1.06) 

Polyunsaturated fatty acids 0.06 (-0.18, 0.29) -0.06 (-0.31, 0.18) 0.07 (-0.20, 0.33) -0.13 (-0.37, 0.11) 

Polyunsaturated:total FAs 1.05 (-0.35, 2.46) 1.64 (0.17, 3.11) 0.91 (-0.68, 2.50) 2.54 (1.08, 4.00) 

Omega3 fatty acids 0.01 (-0.02, 0.05) -0.00 (-0.04, 0.04) 0.03 (-0.01, 0.07) -0.01 (-0.05, 0.03) 

Omega3:total FAs 0.16 (-0.09, 0.41) 0.19 (-0.07, 0.46) 0.28 (-0.00, 0.57) 0.28 (0.02, 0.55) 

22:6, docosahexaenoic acid 0.00 (-0.01, 0.02) 0.00 (-0.01, 0.02) 0.01 (0.00, 0.03) 0.01 (-0.00, 0.02) 

Docosahexaenoic:total FAs 0.03 (-0.08, 0.14) 0.08 (-0.03, 0.20) 0.13 (0.01, 0.26) 0.16 (0.05, 0.27) 

Omega6 fatty acids 0.04 (-0.16, 0.25) -0.06 (-0.27, 0.15) 0.04 (-0.19, 0.27) -0.12 (-0.33, 0.09) 
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Omega6:total FAs 0.89 (-0.42, 2.20) 1.45 (0.08, 2.82) 0.62 (-0.85, 2.10) 2.26 (0.90, 3.62) 

18:2, linoleic acid 0.05 (-0.14, 0.24) -0.05 (-0.25, 0.15) -0.01 (-0.23, 0.21) -0.12 (-0.32, 0.08) 

Linoleic:total FAs 0.90 (-0.47, 2.27) 1.26 (-0.17, 2.70) 0.14 (-1.41, 1.69) 1.70 (0.28, 3.13) 

Total cholines -0.03 (-0.14, 0.08) -0.08 (-0.20, 0.03) 0.02 (-0.10, 0.15) -0.08 (-0.20, 0.03) 

Phosphatidylcholine -0.05 (-0.15, 0.06) -0.10 (-0.22, 0.01) -0.01 (-0.13, 0.12) -0.11 (-0.22, 0.00) 

Sphingomyelins 0.00 (-0.02, 0.03) 0.00 (-0.03, 0.03) 0.02 (-0.01, 0.05) 0.01 (-0.02, 0.04) 

O
th

er
 

ApoA1 -0.00 (-0.07, 0.06) -0.01 (-0.07, 0.06) 0.03 (-0.05, 0.10) 0.01 (-0.06, 0.07) 

ApoB -0.01 (-0.06, 0.05) -0.05 (-0.11, 0.01) -0.00 (-0.07, 0.06) -0.07 (-0.13, -0.01) 

ApoB:ApoA1 -0.01 (-0.05, 0.03) -0.03 (-0.08, 0.01) -0.01 (-0.05, 0.04) -0.05 (-0.10, -0.01) 

Pyruvate -0.01 (-0.02, 0.00) -0.02 (-0.03, -0.01) -0.01 (-0.02, 0.00) -0.01 (-0.02, -0.00) 

Citrate 0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.01, 0.01) 

Glycerol 0.00 (-0.01, 0.02) 0.00 (-0.01, 0.02) 0.01 (-0.01, 0.03) -0.00 (-0.02, 0.02) 

Acetate 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 

Acetoacetate 0.00 (-0.01, 0.01) 0.01 (-0.00, 0.02) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 

3hydroxybutyrate 0.00 (-0.04, 0.04) 0.03 (-0.01, 0.08) 0.03 (-0.01, 0.08) 0.04 (-0.00, 0.08) 

Alanine -0.01 (-0.04, 0.01) -0.04 (-0.06, -0.01) -0.00 (-0.03, 0.02) -0.03 (-0.05, -0.00) 

Glycine -0.01 (-0.02, 0.01) -0.01 (-0.03, 0.00) -0.01 (-0.02, 0.01) -0.02 (-0.03, -0.00) 

Isoleucine -0.00 (-0.01, 0.01) -0.01 (-0.02, -0.00) -0.00 (-0.01, 0.00) -0.01 (-0.02, -0.00) 

Leucine -0.00 (-0.01, 0.01) -0.01 (-0.01, 0.00) -0.00 (-0.01, 0.01) -0.01 (-0.02, 0.00) 

Valine 0.01 (-0.01, 0.02) -0.01 (-0.02, 0.01) 0.00 (-0.02, 0.02) -0.00 (-0.02, 0.01) 

Glutamine 0.02 (-0.01, 0.04) 0.01 (-0.01, 0.04) 0.01 (-0.01, 0.03) 0.01 (-0.02, 0.03) 

Histidine 0.00 (-0.00, 0.00) -0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 

Phenylalanine -0.00 (-0.01, -0.00) -0.01 (-0.01, -0.00) -0.00 (-0.01, 0.00) -0.00 (-0.01, -0.00) 

Tyrosine -0.00 (-0.01, 0.00) -0.01 (-0.02, -0.00) -0.00 (-0.01, 0.00) -0.01 (-0.01, 0.00) 

Creatinine 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 
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Albumin 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 

GlycA 0.00 (-0.07, 0.08) -0.07 (-0.15, 0.00) -0.00 (-0.09, 0.08) -0.12 (-0.19, -0.04) 

xL, extra large; vL, very large; L, large; M, medium; S, small; vS, very small; VLDL, very low density lipoproteins; LDL, low density lipoproteins; IDL, intermediate density lipoproteins; 1 

HDL, high density lipoproteins; FAs, fatty acids; ApoA1, Apolipoprotein A1; ApoB, Apolipoprotein B; GlycA, Glyprotein acetyls. 2 

  3 
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Table S6. Regression coefficient and 95% confidence interval on original scale for each metabolite per unit increase in mental health score (on a 1 

0-1 scale), stratified by participants reporting mental health conditions, adjusted for age, sex, SEP, and BMI (for adults) or BMI CDC z-score 2 

(for children).  3 

Adjusted coefficient (95% CI) for no reported mental health condition 

 
 

Child Adult 

Group Metabolite CHU9D PedsQL-PS PedsQL-GW ISCWeb CHU9D AQoL8D-PS 

L
ip

id
s,

 C
h

o
le
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an
d

 T
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Total cholesterol 0.03 (-0.25, 0.32) 0.07 (-0.23, 0.37) 0.24 (-0.08, 0.56) 0.09 (-0.22, 0.39) 0.41 (-0.61, 1.43) 0.17 (-0.35, 0.69) 

Remnant cholesterol -0.02 (-0.14, 0.10) -0.04 (-0.16, 0.08) 0.03 (-0.10, 0.16) -0.09 (-0.21, 0.03) -0.08 (-0.52, 0.36) -0.01 (-0.24, 0.21) 

Esterified cholesterol 0.02 (-0.19, 0.22) 0.04 (-0.18, 0.25) 0.16 (-0.07, 0.39) 0.05 (-0.16, 0.27) 0.29 (-0.45, 1.03) 0.14 (-0.24, 0.52) 

Free cholesterol 0.01 (-0.07, 0.10) 0.03 (-0.05, 0.12) 0.07 (-0.02, 0.16) 0.03 (-0.05, 0.12) 0.10 (-0.20, 0.40) 0.02 (-0.14, 0.17) 

Total triglycerides -0.06 (-0.26, 0.13) -0.16 (-0.36, 0.05) -0.11 (-0.33, 0.10) -0.37 (-0.57, -0.17) -0.38 (-1.12, 0.36) -0.23 (-0.61, 0.15) 

Total phosphoglycerides -0.01 (-0.11, 0.10) -0.01 (-0.12, 0.10) 0.07 (-0.05, 0.19) -0.04 (-0.15, 0.07) 0.17 (-0.27, 0.61) -0.00 (-0.23, 0.22) 

VLDL diameter -0.11 (-0.79, 0.58) -0.44 (-1.16, 0.28) -0.61 (-1.37, 0.15) -0.98 (-1.70, -0.27) -1.99 (-3.80, -0.18) -1.01 (-1.93, -0.08) 

xL VLDL lipids -0.01 (-0.02, 0.01) -0.01 (-0.03, 0.00) -0.01 (-0.02, 0.01) -0.03 (-0.04, -0.01) -0.03 (-0.08, 0.01) -0.02 (-0.04, 0.01) 

vL VLDL lipids -0.01 (-0.04, 0.02) -0.03 (-0.06, 0.00) -0.02 (-0.05, 0.01) -0.06 (-0.09, -0.03) -0.08 (-0.19, 0.03) -0.04 (-0.09, 0.02) 

L VLDL lipids -0.03 (-0.12, 0.06) -0.07 (-0.16, 0.02) -0.05 (-0.15, 0.04) -0.17 (-0.26, -0.07) -0.21 (-0.53, 0.12) -0.11 (-0.28, 0.06) 

M VLDL lipids -0.03 (-0.14, 0.08) -0.09 (-0.21, 0.03) -0.06 (-0.19, 0.06) -0.19 (-0.31, -0.08) -0.25 (-0.67, 0.16) -0.13 (-0.34, 0.08) 

S VLDL lipids -0.01 (-0.07, 0.05) -0.05 (-0.11, 0.02) -0.02 (-0.09, 0.05) -0.09 (-0.15, -0.03) -0.08 (-0.32, 0.15) -0.05 (-0.17, 0.07) 

vS VLDL lipids 0.01 (-0.03, 0.04) 0.01 (-0.03, 0.04) 0.03 (-0.01, 0.06) 0.01 (-0.02, 0.05) 0.03 (-0.10, 0.15) 0.02 (-0.05, 0.08) 

VLDL cholesterol -0.02 (-0.10, 0.06) -0.05 (-0.13, 0.03) -0.01 (-0.10, 0.07) -0.11 (-0.19, -0.03) -0.12 (-0.42, 0.18) -0.05 (-0.20, 0.11) 

VLDL triglycerides -0.05 (-0.23, 0.12) -0.15 (-0.34, 0.04) -0.12 (-0.32, 0.08) -0.33 (-0.52, -0.14) -0.41 (-1.07, 0.26) -0.22 (-0.56, 0.12) 

LDL diameter -0.00 (-0.05, 0.05) 0.03 (-0.02, 0.08) 0.02 (-0.04, 0.07) 0.01 (-0.04, 0.07) -0.05 (-0.17, 0.08) 0.02 (-0.04, 0.08) 

L LDL lipids 0.01 (-0.09, 0.11) 0.02 (-0.09, 0.13) 0.08 (-0.04, 0.19) 0.05 (-0.06, 0.16) 0.11 (-0.25, 0.47) 0.06 (-0.12, 0.25) 

M LDL lipids 0.01 (-0.06, 0.07) 0.01 (-0.06, 0.07) 0.05 (-0.02, 0.12) 0.03 (-0.04, 0.10) 0.08 (-0.15, 0.30) 0.03 (-0.09, 0.14) 
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S LDL lipids 0.01 (-0.03, 0.05) 0.01 (-0.04, 0.05) 0.02 (-0.02, 0.07) 0.02 (-0.02, 0.06) 0.05 (-0.09, 0.19) 0.01 (-0.06, 0.08) 

LDL cholesterol 0.01 (-0.14, 0.17) 0.02 (-0.14, 0.18) 0.11 (-0.06, 0.28) 0.07 (-0.09, 0.23) 0.17 (-0.37, 0.71) 0.08 (-0.19, 0.36) 

LDL triglycerides -0.00 (-0.01, 0.01) -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.02) -0.01 (-0.02, 0.00) 0.02 (-0.03, 0.07) 0.00 (-0.02, 0.03) 

IDL lipids 0.00 (-0.08, 0.08) 0.02 (-0.07, 0.11) 0.06 (-0.03, 0.15) 0.03 (-0.06, 0.11) 0.08 (-0.21, 0.37) 0.05 (-0.10, 0.20) 

IDL cholesterol 0.01 (-0.05, 0.06) 0.02 (-0.04, 0.08) 0.05 (-0.02, 0.11) 0.03 (-0.03, 0.09) 0.04 (-0.16, 0.25) 0.04 (-0.07, 0.14) 

IDL triglycerides 0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) -0.00 (-0.01, 0.00) 0.01 (-0.02, 0.04) 0.00 (-0.01, 0.02) 

HDL diameter -0.01 (-0.11, 0.09) 0.07 (-0.03, 0.17) 0.06 (-0.05, 0.17) 0.06 (-0.04, 0.17) 0.00 (-0.29, 0.29) 0.00 (-0.15, 0.15) 

vL HDL lipids -0.01 (-0.09, 0.07) 0.05 (-0.04, 0.14) 0.06 (-0.03, 0.15) 0.04 (-0.05, 0.12) 0.03 (-0.25, 0.30) -0.01 (-0.15, 0.13) 

L HDL lipids 0.03 (-0.09, 0.14) 0.10 (-0.03, 0.22) 0.10 (-0.04, 0.23) 0.10 (-0.02, 0.23) 0.22 (-0.20, 0.63) 0.06 (-0.16, 0.27) 

M HDL lipids 0.05 (-0.01, 0.10) 0.04 (-0.02, 0.10) 0.03 (-0.04, 0.09) 0.04 (-0.02, 0.10) 0.19 (-0.04, 0.41) 0.09 (-0.02, 0.21) 

S HDL lipids 0.06 (0.01, 0.11) 0.03 (-0.02, 0.08) 0.01 (-0.05, 0.06) 0.03 (-0.02, 0.08) 0.16 (-0.03, 0.35) 0.05 (-0.04, 0.15) 

HDL1 cholesterol 0.04 (-0.07, 0.15) 0.09 (-0.03, 0.21) 0.10 (-0.03, 0.23) 0.10 (-0.02, 0.22) 0.32 (-0.09, 0.73) 0.10 (-0.11, 0.31) 

HDL2 cholesterol 0.04 (-0.07, 0.14) 0.09 (-0.02, 0.20) 0.09 (-0.02, 0.21) 0.10 (-0.01, 0.21) 0.29 (-0.09, 0.67) 0.09 (-0.10, 0.29) 

HDL3 cholesterol 0.00 (-0.01, 0.01) 0.01 (-0.01, 0.02) 0.01 (-0.00, 0.02) 0.00 (-0.01, 0.01) 0.03 (-0.01, 0.07) 0.01 (-0.01, 0.03) 

HDL triglycerides -0.01 (-0.02, 0.01) -0.01 (-0.02, 0.01) -0.00 (-0.02, 0.01) -0.02 (-0.03, -0.01) -0.01 (-0.06, 0.04) -0.01 (-0.03, 0.02) 

F
at
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 A
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Total fatty acids -0.12 (-0.84, 0.60) -0.24 (-1.00, 0.52) 0.10 (-0.71, 0.91) -0.86 (-1.62, -0.09) -0.22 (-2.92, 2.48) -0.27 (-1.64, 1.11) 

Saturated fatty acids -0.13 (-0.41, 0.15) -0.14 (-0.43, 0.16) 0.03 (-0.28, 0.34) -0.36 (-0.66, -0.07) -0.14 (-1.20, 0.93) -0.13 (-0.67, 0.42) 

Saturated:total FAs -0.66 (-1.42, 0.10) -0.32 (-1.12, 0.49) 0.11 (-0.75, 0.96) -0.30 (-1.11, 0.50) -0.55 (-3.24, 2.14) -0.15 (-1.52, 1.22) 

Degree of unsaturation 0.02 (-0.01, 0.04) 0.02 (-0.01, 0.05) 0.02 (-0.01, 0.05) 0.04 (0.02, 0.07) 0.05 (-0.02, 0.13) 0.02 (-0.02, 0.06) 

Monounsaturated fatty acids -0.09 (-0.36, 0.17) -0.19 (-0.47, 0.09) -0.05 (-0.35, 0.25) -0.45 (-0.73, -0.17) -0.15 (-1.15, 0.85) -0.20 (-0.71, 0.31) 

Monounsaturated:total FAs -0.42 (-1.52, 0.69) -1.11 (-2.27, 0.06) -0.71 (-1.94, 0.52) -1.92 (-3.09, -0.76) -1.06 (-4.17, 2.05) -1.30 (-2.89, 0.29) 

Polyunsaturated fatty acids 0.10 (-0.15, 0.34) 0.09 (-0.17, 0.35) 0.12 (-0.16, 0.40) -0.05 (-0.31, 0.21) 0.07 (-0.80, 0.93) 0.06 (-0.39, 0.50) 

Polyunsaturated:total FAs 1.08 (-0.35, 2.50) 1.42 (-0.07, 2.92) 0.60 (-0.98, 2.19) 2.23 (0.73, 3.72) 1.61 (-2.66, 5.87) 1.45 (-0.72, 3.62) 

Omega3 fatty acids 0.02 (-0.02, 0.06) 0.03 (-0.01, 0.06) 0.04 (-0.01, 0.08) 0.01 (-0.03, 0.05) 0.00 (-0.14, 0.15) -0.02 (-0.09, 0.06) 

Omega3:total FAs 0.20 (-0.06, 0.46) 0.29 (0.02, 0.57) 0.29 (-0.00, 0.58) 0.34 (0.06, 0.61) 0.25 (-0.63, 1.12) 0.01 (-0.44, 0.46) 
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22:6, docosahexaenoic acid 0.01 (-0.01, 0.02) 0.01 (-0.00, 0.02) 0.02 (0.00, 0.03) 0.01 (-0.00, 0.03) 0.00 (-0.05, 0.06) -0.01 (-0.03, 0.02) 

Docosahexaenoic:total FAs 0.04 (-0.07, 0.15) 0.11 (-0.01, 0.23) 0.13 (0.01, 0.26) 0.17 (0.06, 0.29) 0.14 (-0.23, 0.50) -0.02 (-0.21, 0.16) 

Omega6 fatty acids 0.08 (-0.14, 0.29) 0.07 (-0.16, 0.29) 0.09 (-0.16, 0.33) -0.06 (-0.28, 0.17) 0.06 (-0.69, 0.82) 0.08 (-0.31, 0.46) 

Omega6:total FAs 0.88 (-0.45, 2.20) 1.13 (-0.27, 2.53) 0.31 (-1.17, 1.79) 1.89 (0.50, 3.28) 1.36 (-2.68, 5.40) 1.44 (-0.62, 3.49) 

18:2, linoleic acid 0.07 (-0.13, 0.27) 0.05 (-0.17, 0.26) 0.01 (-0.21, 0.24) -0.08 (-0.30, 0.13) -0.05 (-0.76, 0.65) 0.07 (-0.29, 0.43) 

Linoleic:total FAs 0.81 (-0.58, 2.21) 0.92 (-0.54, 2.39) -0.28 (-1.84, 1.27) 1.30 (-0.17, 2.76) 0.05 (-4.33, 4.43) 1.13 (-1.10, 3.37) 

Total cholines 0.01 (-0.11, 0.12) 0.01 (-0.11, 0.13) 0.08 (-0.04, 0.21) -0.01 (-0.13, 0.11) 0.17 (-0.25, 0.60) 0.05 (-0.17, 0.27) 

Phosphatidylcholine 0.00 (-0.10, 0.11) -0.00 (-0.11, 0.11) 0.07 (-0.05, 0.19) -0.02 (-0.13, 0.09) 0.18 (-0.23, 0.59) 0.05 (-0.16, 0.26) 

Sphingomyelins 0.01 (-0.02, 0.04) 0.01 (-0.01, 0.04) 0.03 (-0.01, 0.06) 0.01 (-0.02, 0.04) 0.00 (-0.10, 0.10) 0.01 (-0.04, 0.06) 

O
th

er
 

ApoA1 0.02 (-0.05, 0.08) 0.03 (-0.04, 0.10) 0.06 (-0.02, 0.13) 0.02 (-0.04, 0.09) 0.16 (-0.08, 0.40) 0.04 (-0.08, 0.17) 

ApoB -0.01 (-0.07, 0.05) -0.02 (-0.08, 0.04) 0.01 (-0.06, 0.07) -0.05 (-0.11, 0.01) -0.05 (-0.26, 0.17) -0.02 (-0.13, 0.09) 

ApoB:ApoA1 -0.01 (-0.05, 0.03) -0.03 (-0.07, 0.02) -0.01 (-0.05, 0.04) -0.04 (-0.09, -0.00) -0.07 (-0.22, 0.08) -0.03 (-0.10, 0.05) 

Pyruvate -0.01 (-0.02, 0.00) -0.02 (-0.03, -0.00) -0.01 (-0.02, 0.00) -0.01 (-0.02, 0.00) -0.02 (-0.06, 0.02) -0.02 (-0.04, 0.00) 

Citrate -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) -0.00 (-0.02, 0.02) -0.00 (-0.01, 0.01) 

Glycerol 0.01 (-0.01, 0.02) 0.01 (-0.01, 0.02) 0.01 (-0.00, 0.03) -0.01 (-0.03, 0.01) 0.02 (-0.02, 0.06) 0.01 (-0.01, 0.03) 

Acetate 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.01 (-0.01, 0.02) 0.00 (-0.00, 0.01) 

Acetoacetate -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 0.01 (-0.01, 0.04) -0.00 (-0.01, 0.01) 

3hydroxybutyrate -0.00 (-0.05, 0.04) 0.02 (-0.03, 0.06) 0.02 (-0.03, 0.07) 0.02 (-0.03, 0.06) 0.01 (-0.09, 0.11) -0.01 (-0.06, 0.03) 

Alanine -0.01 (-0.04, 0.02) -0.02 (-0.05, 0.00) -0.00 (-0.03, 0.03) -0.02 (-0.04, 0.01) -0.03 (-0.11, 0.05) -0.03 (-0.07, 0.01) 

Glycine -0.01 (-0.02, 0.01) -0.01 (-0.03, 0.00) -0.01 (-0.02, 0.01) -0.02 (-0.03, -0.00) 0.01 (-0.06, 0.09) -0.01 (-0.04, 0.03) 

Isoleucine 0.00 (-0.01, 0.01) -0.01 (-0.01, 0.00) -0.00 (-0.01, 0.00) -0.01 (-0.02, -0.00) -0.02 (-0.05, -0.00) -0.00 (-0.02, 0.01) 

Leucine 0.00 (-0.01, 0.01) -0.00 (-0.01, 0.01) -0.00 (-0.01, 0.01) -0.01 (-0.02, 0.00) -0.02 (-0.04, 0.01) -0.00 (-0.01, 0.01) 

Valine 0.01 (-0.01, 0.03) -0.00 (-0.02, 0.01) 0.00 (-0.02, 0.02) -0.00 (-0.02, 0.01) -0.05 (-0.10, 0.01) 0.00 (-0.03, 0.03) 

Glutamine 0.02 (-0.00, 0.04) 0.02 (-0.00, 0.04) 0.01 (-0.01, 0.04) 0.01 (-0.01, 0.04) -0.03 (-0.11, 0.05) 0.01 (-0.03, 0.05) 

Histidine 0.00 (-0.00, 0.00) -0.00 (-0.00, 0.00) -0.00 (-0.00, 0.00) -0.00 (-0.00, 0.00) -0.00 (-0.01, 0.01) -0.00 (-0.01, 0.01) 
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Phenylalanine -0.00 (-0.01, -0.00) -0.01 (-0.01, -0.00) -0.00 (-0.01, 0.00) -0.01 (-0.01, -0.00) -0.01 (-0.02, 0.00) -0.00 (-0.01, 0.00) 

Tyrosine -0.00 (-0.01, 0.00) -0.01 (-0.01, -0.00) -0.00 (-0.01, 0.00) -0.01 (-0.01, 0.00) -0.02 (-0.04, 0.00) -0.01 (-0.02, 0.00) 

Creatinine 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.01) 0.01 (0.00, 0.02) 0.00 (-0.00, 0.01) 

Albumin 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.01 (-0.00, 0.01) 0.00 (-0.00, 0.01) 

GlycA 0.02 (-0.05, 0.10) -0.03 (-0.11, 0.05) 0.01 (-0.08, 0.09) -0.10 (-0.18, -0.02) -0.17 (-0.42, 0.09) -0.08 (-0.21, 0.05) 

Adjusted coefficient (95% CI) for any reported mental health condition 

 
 

Child Adult 

Group Metabolite CHU9D PedsQL-PS PedsQL-GW ISCWeb CHU9D AQoL8D-PS 
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Total cholesterol 0.15 (-0.53, 0.82) -0.06 (-0.75, 0.62) 0.50 (-0.24, 1.24) 0.04 (-0.65, 0.72) 0.46 (-0.14, 1.06) 0.24 (-0.12, 0.60) 

Remnant cholesterol 0.15 (-0.14, 0.44) -0.13 (-0.42, 0.17) -0.01 (-0.32, 0.29) -0.15 (-0.44, 0.15) 0.07 (-0.20, 0.34) -0.00 (-0.17, 0.16) 

Esterified cholesterol 0.08 (-0.40, 0.56) -0.09 (-0.58, 0.41) 0.31 (-0.22, 0.84) -0.00 (-0.50, 0.49) 0.32 (-0.10, 0.75) 0.17 (-0.09, 0.42) 

Free cholesterol 0.07 (-0.13, 0.26) 0.02 (-0.18, 0.22) 0.19 (-0.03, 0.40) 0.04 (-0.16, 0.24) 0.13 (-0.04, 0.30) 0.08 (-0.03, 0.18) 

Total triglycerides 0.31 (-0.28, 0.90) -0.36 (-0.96, 0.23) -0.45 (-1.02, 0.11) -0.53 (-1.12, 0.06) -0.12 (-0.59, 0.35) -0.17 (-0.45, 0.12) 

Total phosphoglycerides -0.11 (-0.49, 0.28) -0.26 (-0.65, 0.13) -0.08 (-0.51, 0.35) -0.32 (-0.70, 0.07) 0.22 (-0.03, 0.46) 0.12 (-0.03, 0.26) 

VLDL diameter 0.00 (-1.82, 1.83) -1.25 (-3.08, 0.59) -2.28 (-4.18, -0.39) -2.22 (-4.03, -0.42) -0.57 (-1.65, 0.51) -0.51 (-1.16, 0.14) 

xL VLDL lipids 0.01 (-0.03, 0.05) -0.04 (-0.09, -0.00) -0.04 (-0.08, 0.00) -0.03 (-0.07, 0.01) -0.01 (-0.04, 0.02) -0.01 (-0.03, 0.01) 

vL VLDL lipids 0.02 (-0.07, 0.12) -0.09 (-0.18, 0.01) -0.08 (-0.17, 0.01) -0.08 (-0.17, 0.02) -0.03 (-0.10, 0.04) -0.03 (-0.07, 0.01) 

L VLDL lipids 0.10 (-0.17, 0.38) -0.20 (-0.48, 0.08) -0.24 (-0.49, 0.02) -0.24 (-0.52, 0.03) -0.06 (-0.27, 0.14) -0.08 (-0.20, 0.04) 

M VLDL lipids 0.18 (-0.16, 0.53) -0.20 (-0.55, 0.15) -0.26 (-0.59, 0.07) -0.31 (-0.65, 0.04) -0.06 (-0.33, 0.20) -0.09 (-0.26, 0.07) 

S VLDL lipids 0.12 (-0.05, 0.30) -0.06 (-0.23, 0.12) -0.10 (-0.28, 0.08) -0.16 (-0.33, 0.02) -0.01 (-0.16, 0.14) -0.04 (-0.13, 0.05) 

vS VLDL lipids 0.04 (-0.03, 0.12) 0.00 (-0.08, 0.08) 0.04 (-0.04, 0.12) -0.01 (-0.08, 0.07) 0.03 (-0.05, 0.11) 0.00 (-0.04, 0.05) 

VLDL cholesterol 0.12 (-0.10, 0.34) -0.12 (-0.35, 0.10) -0.10 (-0.32, 0.12) -0.18 (-0.40, 0.05) 0.01 (-0.18, 0.20) -0.04 (-0.15, 0.08) 

VLDL triglycerides 0.28 (-0.27, 0.83) -0.35 (-0.91, 0.21) -0.45 (-0.98, 0.07) -0.48 (-1.04, 0.08) -0.14 (-0.57, 0.29) -0.17 (-0.43, 0.08) 

LDL diameter -0.09 (-0.19, 0.02) -0.05 (-0.16, 0.07) -0.06 (-0.17, 0.06) -0.00 (-0.12, 0.11) -0.03 (-0.10, 0.04) 0.01 (-0.04, 0.05) 

L LDL lipids 0.07 (-0.17, 0.31) 0.02 (-0.23, 0.26) 0.17 (-0.09, 0.43) 0.05 (-0.19, 0.30) 0.11 (-0.10, 0.33) 0.05 (-0.08, 0.18) 
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M LDL lipids 0.06 (-0.09, 0.20) 0.02 (-0.13, 0.17) 0.11 (-0.06, 0.27) 0.03 (-0.11, 0.18) 0.07 (-0.06, 0.21) 0.03 (-0.05, 0.12) 

S LDL lipids 0.04 (-0.05, 0.13) 0.01 (-0.08, 0.10) 0.07 (-0.03, 0.17) 0.02 (-0.07, 0.11) 0.05 (-0.04, 0.13) 0.03 (-0.02, 0.08) 

LDL cholesterol 0.11 (-0.25, 0.47) 0.05 (-0.32, 0.42) 0.28 (-0.12, 0.68) 0.11 (-0.26, 0.47) 0.18 (-0.14, 0.50) 0.08 (-0.11, 0.28) 

LDL triglycerides 0.01 (-0.02, 0.04) -0.00 (-0.03, 0.03) 0.01 (-0.02, 0.04) -0.01 (-0.04, 0.02) 0.01 (-0.02, 0.04) 0.00 (-0.02, 0.02) 

IDL lipids 0.05 (-0.14, 0.24) 0.00 (-0.19, 0.20) 0.13 (-0.08, 0.34) 0.04 (-0.16, 0.23) 0.09 (-0.08, 0.27) 0.05 (-0.06, 0.15) 

IDL cholesterol 0.03 (-0.10, 0.16) -0.01 (-0.14, 0.13) 0.09 (-0.06, 0.23) 0.03 (-0.11, 0.16) 0.06 (-0.06, 0.18) 0.03 (-0.04, 0.11) 

IDL triglycerides 0.01 (-0.01, 0.03) 0.00 (-0.01, 0.02) 0.01 (-0.01, 0.03) -0.00 (-0.02, 0.01) 0.00 (-0.02, 0.02) 0.00 (-0.01, 0.01) 

HDL diameter -0.11 (-0.38, 0.17) -0.03 (-0.31, 0.25) 0.21 (-0.08, 0.50) 0.08 (-0.20, 0.36) 0.12 (-0.05, 0.29) 0.12 (0.02, 0.23) 

vL HDL lipids -0.05 (-0.27, 0.16) -0.02 (-0.24, 0.20) 0.17 (-0.07, 0.40) 0.06 (-0.16, 0.28) 0.12 (-0.03, 0.27) 0.12 (0.03, 0.21) 

L HDL lipids -0.15 (-0.49, 0.19) 0.01 (-0.34, 0.36) 0.26 (-0.10, 0.62) 0.08 (-0.27, 0.43) 0.21 (-0.04, 0.46) 0.18 (0.03, 0.33) 

M HDL lipids -0.05 (-0.20, 0.09) -0.04 (-0.18, 0.11) -0.02 (-0.18, 0.14) -0.06 (-0.20, 0.09) 0.04 (-0.08, 0.17) 0.03 (-0.05, 0.11) 

S HDL lipids 0.02 (-0.13, 0.17) 0.04 (-0.11, 0.20) -0.00 (-0.17, 0.17) -0.03 (-0.19, 0.12) 0.02 (-0.08, 0.12) 0.00 (-0.06, 0.06) 

HDL1 cholesterol -0.12 (-0.44, 0.20) 0.02 (-0.31, 0.34) 0.23 (-0.10, 0.57) 0.08 (-0.25, 0.40) 0.21 (-0.03, 0.45) 0.16 (0.02, 0.31) 

HDL2 cholesterol -0.12 (-0.42, 0.18) 0.00 (-0.30, 0.31) 0.21 (-0.10, 0.52) 0.07 (-0.23, 0.37) 0.18 (-0.04, 0.40) 0.15 (0.01, 0.28) 

HDL3 cholesterol 0.00 (-0.03, 0.03) 0.01 (-0.02, 0.04) 0.02 (-0.01, 0.05) 0.01 (-0.02, 0.04) 0.03 (0.00, 0.05) 0.02 (0.00, 0.03) 

HDL triglycerides 0.01 (-0.02, 0.04) -0.02 (-0.05, 0.02) -0.02 (-0.05, 0.02) -0.03 (-0.07, 0.00) 0.01 (-0.02, 0.04) 0.00 (-0.01, 0.02) 
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Total fatty acids 1.15 (-0.78, 3.07) -1.23 (-3.21, 0.75) -0.34 (-2.30, 1.62) -1.48 (-3.44, 0.49) 0.35 (-1.41, 2.12) 0.10 (-0.96, 1.16) 

Saturated fatty acids 0.25 (-0.53, 1.03) -0.57 (-1.37, 0.23) -0.30 (-1.10, 0.50) -0.64 (-1.44, 0.15) 0.08 (-0.61, 0.77) -0.00 (-0.42, 0.41) 

Saturated:total FAs -1.86 (-4.22, 0.49) -1.01 (-3.44, 1.42) -1.51 (-4.17, 1.16) -1.11 (-3.53, 1.31) -0.23 (-1.61, 1.15) -0.10 (-0.92, 0.73) 

Degree of unsaturation 0.00 (-0.08, 0.08) 0.06 (-0.02, 0.14) 0.10 (0.01, 0.18) 0.08 (0.00, 0.16) 0.06 (0.02, 0.11) 0.03 (0.00, 0.06) 

Monounsaturated fatty acids 0.37 (-0.45, 1.19) -0.67 (-1.50, 0.16) -0.57 (-1.36, 0.22) -0.81 (-1.63, 0.01) -0.04 (-0.71, 0.63) -0.10 (-0.50, 0.30) 

Monounsaturated:total FAs -0.07 (-3.40, 3.26) -3.16 (-6.50, 0.18) -4.74 (-8.15, -1.34) -4.10 (-7.39, -0.81) -1.10 (-3.02, 0.82) -1.16 (-2.32, 0.00) 

Polyunsaturated fatty acids 0.52 (-0.07, 1.12) 0.01 (-0.60, 0.62) 0.53 (-0.12, 1.18) -0.02 (-0.63, 0.59) 0.31 (-0.21, 0.84) 0.20 (-0.11, 0.52) 

Polyunsaturated:total FAs 1.93 (-2.63, 6.49) 4.17 (-0.44, 8.77) 6.25 (1.43, 11.06) 5.21 (0.66, 9.75) 1.33 (-1.12, 3.78) 1.25 (-0.22, 2.73) 

Omega3 fatty acids 0.07 (-0.02, 0.17) 0.01 (-0.09, 0.11) 0.09 (-0.01, 0.18) -0.00 (-0.10, 0.09) 0.11 (0.02, 0.20) 0.05 (-0.01, 0.10) 
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Omega3:total FAs 0.45 (-0.25, 1.15) 0.50 (-0.23, 1.24) 0.98 (0.19, 1.77) 0.56 (-0.17, 1.29) 0.73 (0.24, 1.22) 0.37 (0.07, 0.67) 

22:6, docosahexaenoic acid 0.01 (-0.02, 0.04) 0.01 (-0.03, 0.05) 0.03 (-0.00, 0.07) 0.01 (-0.02, 0.05) 0.05 (0.02, 0.08) 0.02 (0.00, 0.04) 

Docosahexaenoic:total FAs 0.04 (-0.28, 0.36) 0.17 (-0.16, 0.51) 0.36 (-0.01, 0.72) 0.26 (-0.07, 0.59) 0.33 (0.14, 0.51) 0.14 (0.03, 0.26) 

Omega6 fatty acids 0.45 (-0.07, 0.97) 0.00 (-0.54, 0.54) 0.44 (-0.13, 1.01) -0.02 (-0.55, 0.52) 0.20 (-0.25, 0.65) 0.15 (-0.12, 0.43) 

Omega6:total FAs 1.48 (-2.72, 5.68) 3.67 (-0.56, 7.91) 5.27 (0.88, 9.66) 4.65 (0.47, 8.83) 0.60 (-1.70, 2.89) 0.89 (-0.50, 2.27) 

18:2, linoleic acid 0.45 (-0.05, 0.96) 0.02 (-0.51, 0.55) 0.40 (-0.17, 0.97) -0.02 (-0.55, 0.50) 0.09 (-0.32, 0.51) 0.11 (-0.14, 0.36) 

Linoleic:total FAs 1.96 (-2.22, 6.14) 3.27 (-0.96, 7.50) 4.81 (0.35, 9.27) 3.66 (-0.55, 7.86) -0.13 (-2.48, 2.22) 0.51 (-0.90, 1.92) 

Total cholines -0.05 (-0.38, 0.27) -0.17 (-0.50, 0.16) 0.10 (-0.25, 0.46) -0.18 (-0.51, 0.15) 0.25 (0.00, 0.50) 0.15 (-0.00, 0.30) 

Phosphatidylcholine -0.12 (-0.53, 0.29) -0.26 (-0.67, 0.16) -0.06 (-0.52, 0.39) -0.32 (-0.73, 0.10) 0.23 (-0.01, 0.47) 0.12 (-0.02, 0.26) 

Sphingomyelins 0.04 (-0.04, 0.11) 0.02 (-0.06, 0.09) 0.09 (0.00, 0.17) 0.06 (-0.02, 0.13) 0.04 (-0.02, 0.10) 0.02 (-0.01, 0.06) 

O
th

er
 

ApoA1 -0.04 (-0.22, 0.13) -0.06 (-0.24, 0.12) 0.10 (-0.10, 0.29) -0.01 (-0.19, 0.17) 0.12 (-0.02, 0.26) 0.08 (-0.00, 0.16) 

ApoB 0.09 (-0.06, 0.24) -0.06 (-0.21, 0.09) -0.02 (-0.17, 0.14) -0.08 (-0.23, 0.07) 0.03 (-0.11, 0.17) -0.01 (-0.09, 0.07) 

ApoB:ApoA1 0.07 (-0.04, 0.18) -0.03 (-0.15, 0.08) -0.04 (-0.16, 0.07) -0.06 (-0.17, 0.06) -0.02 (-0.12, 0.07) -0.03 (-0.09, 0.02) 

Pyruvate -0.01 (-0.04, 0.02) -0.01 (-0.04, 0.01) -0.01 (-0.04, 0.02) -0.03 (-0.05, 0.00) -0.01 (-0.04, 0.01) -0.00 (-0.02, 0.01) 

Citrate 0.01 (-0.01, 0.03) -0.00 (-0.02, 0.02) -0.00 (-0.03, 0.02) -0.00 (-0.02, 0.02) -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 

Glycerol 0.02 (-0.02, 0.06) -0.00 (-0.04, 0.04) -0.01 (-0.05, 0.03) 0.02 (-0.01, 0.06) -0.01 (-0.03, 0.01) -0.01 (-0.03, 0.00) 

Acetate 0.00 (-0.00, 0.01) -0.00 (-0.01, 0.00) 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) -0.03 (-0.06, 0.00) -0.02 (-0.04, 0.00) 

Acetoacetate 0.02 (-0.00, 0.04) 0.02 (-0.00, 0.04) 0.01 (-0.01, 0.03) 0.02 (-0.00, 0.04) -0.01 (-0.02, 0.01) -0.01 (-0.02, 0.00) 

3hydroxybutyrate 0.08 (-0.01, 0.18) 0.09 (-0.01, 0.18) 0.06 (-0.04, 0.17) 0.11 (0.01, 0.20) -0.04 (-0.11, 0.02) -0.03 (-0.07, 0.01) 

Alanine -0.03 (-0.09, 0.04) -0.08 (-0.14, -0.01) -0.03 (-0.11, 0.04) -0.07 (-0.14, -0.00) 0.03 (-0.01, 0.07) 0.03 (-0.00, 0.05) 

Glycine 0.00 (-0.03, 0.04) -0.02 (-0.06, 0.02) -0.01 (-0.05, 0.04) -0.01 (-0.05, 0.03) 0.01 (-0.03, 0.05) 0.00 (-0.02, 0.03) 

Isoleucine -0.00 (-0.03, 0.02) -0.03 (-0.05, -0.00) -0.00 (-0.03, 0.02) -0.01 (-0.03, 0.01) 0.00 (-0.01, 0.02) -0.00 (-0.01, 0.01) 

Leucine -0.01 (-0.03, 0.01) -0.03 (-0.05, -0.00) 0.00 (-0.02, 0.02) -0.01 (-0.03, 0.02) 0.00 (-0.01, 0.02) -0.00 (-0.01, 0.01) 

Valine -0.02 (-0.06, 0.03) -0.05 (-0.09, -0.00) 0.01 (-0.04, 0.06) 0.00 (-0.04, 0.05) 0.02 (-0.00, 0.05) 0.00 (-0.01, 0.02) 

Glutamine 0.01 (-0.05, 0.06) -0.03 (-0.09, 0.03) 0.01 (-0.06, 0.07) -0.02 (-0.08, 0.04) 0.02 (-0.02, 0.07) -0.00 (-0.03, 0.03) 
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Histidine 0.01 (-0.01, 0.02) -0.00 (-0.02, 0.01) 0.01 (-0.01, 0.02) 0.00 (-0.01, 0.02) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 

Phenylalanine -0.00 (-0.02, 0.01) -0.01 (-0.03, -0.00) 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 

Tyrosine -0.01 (-0.03, 0.00) -0.02 (-0.04, -0.00) 0.00 (-0.02, 0.02) -0.01 (-0.02, 0.01) 0.01 (-0.00, 0.02) 0.00 (-0.00, 0.01) 

Creatinine -0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) 0.01 (-0.00, 0.02) 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) 

Albumin 0.00 (-0.00, 0.01) -0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) -0.00 (-0.00, 0.00) -0.00 (-0.00, 0.00) 

GlycA 0.10 (-0.13, 0.33) -0.21 (-0.44, 0.01) -0.06 (-0.28, 0.15) -0.08 (-0.31, 0.16) 0.03 (-0.12, 0.18) -0.04 (-0.13, 0.05) 

xL, extra large; vL, very large; L, large; M, medium; S, small; vS, very small; VLDL, very low density lipoproteins; LDL, low density lipoproteins; IDL, intermediate density lipoproteins; 1 

HDL, high density lipoproteins; FAs, fatty acids; ApoA1, Apolipoprotein A1; ApoB, Apolipoprotein B; GlycA, Glyprotein acetyls. 2 

  3 
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Table S7. Regression coefficient and 95% confidence interval on original scale for each metabolite per unit increase in mental health score (on a 1 

0-1 scale), stratified by sex, adjusted for age, SEP, and BMI (for adults) or BMI CDC z-score (for children).  2 

Adjusted coefficient (95% CI) for females 

 
 

Girls Mothers 

Group Metabolite CHU9D PedsQL-PS PedsQL-GW ISCWeb CHU9D AQoL8D-PS 
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Total cholesterol 0.14 (-0.23, 0.51) -0.00 (-0.38, 0.38) 0.20 (-0.22, 0.62) 0.12 (-0.26, 0.50) 0.63 (0.11, 1.16) 0.28 (-0.01, 0.57) 

Remnant cholesterol 0.01 (-0.15, 0.16) -0.07 (-0.23, 0.09) 0.02 (-0.16, 0.19) -0.13 (-0.29, 0.03) 0.04 (-0.19, 0.27) 0.01 (-0.12, 0.14) 

Esterified cholesterol 0.08 (-0.18, 0.35) -0.01 (-0.29, 0.26) 0.13 (-0.17, 0.43) 0.08 (-0.20, 0.35) 0.46 (0.08, 0.83) 0.20 (-0.01, 0.41) 

Free cholesterol 0.06 (-0.05, 0.16) 0.01 (-0.10, 0.12) 0.07 (-0.05, 0.20) 0.05 (-0.06, 0.16) 0.17 (0.02, 0.33) 0.07 (-0.01, 0.16) 

Total triglycerides -0.09 (-0.35, 0.17) -0.19 (-0.46, 0.08) -0.11 (-0.40, 0.19) -0.50 (-0.76, -0.23) -0.34 (-0.72, 0.04) -0.18 (-0.39, 0.03) 

Total phosphoglycerides -0.02 (-0.17, 0.13) -0.06 (-0.22, 0.09) 0.02 (-0.15, 0.19) -0.09 (-0.25, 0.06) 0.23 (0.01, 0.45) 0.11 (-0.01, 0.23) 

VLDL diameter -0.17 (-1.05, 0.71) -0.47 (-1.38, 0.43) -0.63 (-1.64, 0.37) -1.53 (-2.44, -0.63) -1.29 (-2.24, -0.34) -0.74 (-1.26, -0.21) 

xL VLDL lipids -0.01 (-0.03, 0.00) -0.01 (-0.03, 0.00) -0.01 (-0.03, 0.01) -0.03 (-0.05, -0.01) -0.02 (-0.04, -0.00) -0.01 (-0.02, 0.00) 

vL VLDL lipids -0.03 (-0.07, 0.01) -0.03 (-0.07, 0.01) -0.02 (-0.07, 0.03) -0.08 (-0.12, -0.03) -0.06 (-0.11, -0.01) -0.02 (-0.05, 0.00) 

L VLDL lipids -0.06 (-0.18, 0.06) -0.09 (-0.21, 0.04) -0.06 (-0.20, 0.07) -0.22 (-0.34, -0.10) -0.16 (-0.32, 0.00) -0.08 (-0.17, 0.01) 

M VLDL lipids -0.04 (-0.20, 0.11) -0.11 (-0.27, 0.05) -0.07 (-0.24, 0.10) -0.27 (-0.43, -0.12) -0.19 (-0.40, 0.02) -0.10 (-0.22, 0.02) 

S VLDL lipids -0.00 (-0.08, 0.08) -0.06 (-0.15, 0.02) -0.02 (-0.12, 0.07) -0.14 (-0.22, -0.05) -0.07 (-0.19, 0.06) -0.05 (-0.12, 0.02) 

vS VLDL lipids 0.03 (-0.02, 0.07) 0.00 (-0.04, 0.05) 0.03 (-0.02, 0.08) 0.02 (-0.03, 0.06) 0.03 (-0.04, 0.10) 0.01 (-0.03, 0.05) 

VLDL cholesterol -0.02 (-0.12, 0.09) -0.07 (-0.18, 0.04) -0.01 (-0.13, 0.11) -0.16 (-0.26, -0.05) -0.06 (-0.21, 0.10) -0.03 (-0.12, 0.05) 

VLDL triglycerides -0.09 (-0.34, 0.15) -0.18 (-0.43, 0.07) -0.12 (-0.40, 0.15) -0.45 (-0.70, -0.20) -0.34 (-0.68, -0.01) -0.18 (-0.36, 0.01) 

LDL diameter 0.01 (-0.05, 0.08) 0.04 (-0.03, 0.10) 0.05 (-0.03, 0.12) 0.04 (-0.03, 0.10) -0.04 (-0.11, 0.02) 0.01 (-0.03, 0.04) 

L LDL lipids 0.06 (-0.07, 0.19) -0.00 (-0.14, 0.13) 0.05 (-0.10, 0.20) 0.05 (-0.08, 0.19) 0.18 (-0.01, 0.37) 0.07 (-0.03, 0.18) 

M LDL lipids 0.04 (-0.05, 0.12) -0.01 (-0.09, 0.07) 0.02 (-0.07, 0.11) 0.03 (-0.05, 0.11) 0.11 (-0.01, 0.23) 0.04 (-0.02, 0.11) 

S LDL lipids 0.03 (-0.02, 0.08) -0.00 (-0.05, 0.05) 0.01 (-0.05, 0.07) 0.02 (-0.03, 0.08) 0.07 (0.00, 0.15) 0.03 (-0.01, 0.07) 

LDL cholesterol 0.08 (-0.12, 0.27) -0.03 (-0.23, 0.18) 0.05 (-0.18, 0.27) 0.08 (-0.13, 0.28) 0.28 (0.00, 0.56) 0.11 (-0.04, 0.27) 
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LDL triglycerides 0.00 (-0.01, 0.02) -0.00 (-0.02, 0.01) 0.01 (-0.01, 0.03) -0.01 (-0.03, 0.00) 0.01 (-0.02, 0.04) 0.00 (-0.01, 0.02) 

IDL lipids 0.03 (-0.07, 0.14) -0.00 (-0.11, 0.11) 0.05 (-0.07, 0.17) 0.04 (-0.07, 0.15) 0.14 (-0.02, 0.29) 0.06 (-0.02, 0.15) 

IDL cholesterol 0.03 (-0.04, 0.11) 0.01 (-0.07, 0.08) 0.03 (-0.05, 0.12) 0.04 (-0.04, 0.11) 0.10 (-0.01, 0.20) 0.05 (-0.01, 0.10) 

IDL triglycerides 0.01 (-0.00, 0.01) 0.00 (-0.01, 0.01) 0.01 (-0.00, 0.02) -0.00 (-0.01, 0.01) -0.00 (-0.02, 0.02) -0.00 (-0.01, 0.01) 

HDL diameter 0.00 (-0.12, 0.12) 0.08 (-0.05, 0.21) 0.11 (-0.03, 0.25) 0.11 (-0.02, 0.24) 0.14 (-0.01, 0.29) 0.09 (0.01, 0.18) 

vL HDL lipids -0.02 (-0.12, 0.09) 0.05 (-0.06, 0.15) 0.07 (-0.04, 0.19) 0.06 (-0.04, 0.17) 0.14 (0.00, 0.28) 0.09 (0.01, 0.16) 

L HDL lipids 0.05 (-0.10, 0.20) 0.12 (-0.04, 0.27) 0.16 (-0.01, 0.33) 0.18 (0.03, 0.33) 0.27 (0.05, 0.50) 0.14 (0.02, 0.27) 

M HDL lipids 0.07 (-0.00, 0.14) 0.05 (-0.02, 0.13) 0.06 (-0.02, 0.14) 0.08 (0.01, 0.15) 0.10 (-0.01, 0.21) 0.05 (-0.02, 0.11) 

S HDL lipids 0.09 (0.02, 0.16) 0.05 (-0.02, 0.12) 0.02 (-0.06, 0.10) 0.04 (-0.03, 0.11) 0.06 (-0.04, 0.15) 0.01 (-0.05, 0.06) 

HDL1 cholesterol 0.06 (-0.09, 0.20) 0.10 (-0.05, 0.24) 0.14 (-0.03, 0.30) 0.18 (0.03, 0.32) 0.31 (0.10, 0.52) 0.15 (0.03, 0.27) 

HDL2 cholesterol 0.06 (-0.08, 0.19) 0.09 (-0.04, 0.23) 0.13 (-0.03, 0.28) 0.17 (0.03, 0.31) 0.28 (0.08, 0.48) 0.14 (0.03, 0.25) 

HDL3 cholesterol 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.02) 0.01 (-0.01, 0.02) 0.01 (-0.01, 0.02) 0.03 (0.01, 0.05) 0.01 (0.00, 0.03) 

HDL triglycerides -0.00 (-0.02, 0.02) -0.01 (-0.02, 0.01) 0.01 (-0.01, 0.02) -0.03 (-0.04, -0.01) -0.00 (-0.03, 0.02) -0.00 (-0.02, 0.01) 
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Total fatty acids 0.03 (-0.94, 0.99) -0.46 (-1.45, 0.54) 0.11 (-0.99, 1.22) -1.27 (-2.27, -0.28) 0.10 (-1.38, 1.58) 0.05 (-0.77, 0.87) 

Saturated fatty acids -0.12 (-0.50, 0.27) -0.19 (-0.59, 0.20) -0.02 (-0.46, 0.42) -0.56 (-0.95, -0.16) -0.01 (-0.59, 0.57) 0.02 (-0.30, 0.34) 

Saturated:total FAs -0.96 (-2.00, 0.08) -0.09 (-1.17, 0.98) -0.38 (-1.56, 0.81) -0.69 (-1.75, 0.38) -0.30 (-1.60, 1.00) 0.19 (-0.53, 0.91) 

Degree of unsaturation 0.02 (-0.02, 0.05) 0.02 (-0.02, 0.06) 0.03 (-0.01, 0.07) 0.07 (0.03, 0.11) 0.08 (0.04, 0.12) 0.03 (0.01, 0.05) 

Monounsaturated fatty acids -0.07 (-0.44, 0.30) -0.26 (-0.64, 0.12) -0.08 (-0.51, 0.34) -0.66 (-1.03, -0.28) -0.20 (-0.76, 0.36) -0.14 (-0.45, 0.17) 

Monounsaturated:total FAs -0.62 (-2.15, 0.91) -1.25 (-2.83, 0.32) -1.15 (-2.88, 0.59) -2.80 (-4.36, -1.24) -2.01 (-3.68, -0.34) -1.58 (-2.51, -0.66) 

Polyunsaturated fatty acids 0.22 (-0.10, 0.53) 0.00 (-0.33, 0.33) 0.22 (-0.15, 0.58) -0.06 (-0.39, 0.26) 0.32 (-0.14, 0.77) 0.18 (-0.08, 0.43) 

Polyunsaturated:total FAs 1.58 (-0.42, 3.58) 1.35 (-0.72, 3.42) 1.52 (-0.76, 3.81) 3.48 (1.43, 5.54) 2.30 (0.12, 4.48) 1.39 (0.18, 2.60) 

Omega3 fatty acids 0.04 (-0.01, 0.08) 0.01 (-0.04, 0.06) 0.04 (-0.01, 0.10) -0.00 (-0.05, 0.05) 0.09 (0.02, 0.17) 0.04 (-0.00, 0.08) 

Omega3:total FAs 0.31 (-0.02, 0.65) 0.25 (-0.10, 0.60) 0.40 (0.01, 0.78) 0.39 (0.04, 0.74) 0.78 (0.34, 1.21) 0.33 (0.09, 0.57) 

22:6, docosahexaenoic acid 0.01 (-0.01, 0.03) 0.01 (-0.01, 0.02) 0.02 (-0.00, 0.04) 0.01 (-0.00, 0.03) 0.04 (0.02, 0.07) 0.01 (-0.00, 0.03) 

Docosahexaenoic:total FAs 0.08 (-0.07, 0.22) 0.09 (-0.06, 0.25) 0.15 (-0.02, 0.32) 0.22 (0.07, 0.37) 0.35 (0.18, 0.52) 0.12 (0.03, 0.22) 
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Omega6 fatty acids 0.18 (-0.09, 0.46) -0.01 (-0.30, 0.28) 0.17 (-0.15, 0.49) -0.06 (-0.35, 0.23) 0.22 (-0.17, 0.62) 0.14 (-0.08, 0.36) 

Omega6:total FAs 1.27 (-0.58, 3.12) 1.10 (-0.81, 3.01) 1.13 (-0.98, 3.24) 3.10 (1.20, 5.00) 1.53 (-0.51, 3.57) 1.06 (-0.06, 2.19) 

18:2, linoleic acid 0.18 (-0.09, 0.45) -0.02 (-0.29, 0.26) 0.12 (-0.19, 0.42) -0.10 (-0.37, 0.17) 0.09 (-0.28, 0.46) 0.09 (-0.11, 0.30) 

Linoleic:total FAs 1.35 (-0.57, 3.27) 0.81 (-1.16, 2.79) 0.68 (-1.50, 2.86) 2.11 (0.15, 4.07) 0.42 (-1.75, 2.58) 0.63 (-0.56, 1.83) 

Total cholines 0.02 (-0.13, 0.17) -0.03 (-0.18, 0.12) 0.08 (-0.09, 0.25) -0.03 (-0.18, 0.13) 0.28 (0.05, 0.50) 0.13 (0.01, 0.25) 

Phosphatidylcholine -0.01 (-0.16, 0.14) -0.06 (-0.21, 0.10) 0.02 (-0.15, 0.20) -0.08 (-0.23, 0.08) 0.24 (0.03, 0.46) 0.11 (-0.01, 0.22) 

Sphingomyelins 0.02 (-0.01, 0.06) 0.01 (-0.02, 0.05) 0.04 (-0.01, 0.08) 0.03 (-0.00, 0.07) 0.05 (-0.00, 0.10) 0.03 (-0.00, 0.05) 

O
th

er
 

ApoA1 0.03 (-0.05, 0.11) 0.03 (-0.05, 0.12) 0.07 (-0.02, 0.17) 0.06 (-0.03, 0.14) 0.17 (0.04, 0.30) 0.08 (0.01, 0.15) 

ApoB 0.00 (-0.07, 0.08) -0.04 (-0.12, 0.04) -0.00 (-0.09, 0.08) -0.07 (-0.15, 0.01) 0.01 (-0.11, 0.13) -0.00 (-0.07, 0.06) 

ApoB:ApoA1 -0.01 (-0.07, 0.04) -0.04 (-0.10, 0.02) -0.03 (-0.09, 0.03) -0.07 (-0.13, -0.02) -0.05 (-0.12, 0.03) -0.03 (-0.07, 0.02) 

Pyruvate -0.01 (-0.02, 0.01) -0.01 (-0.02, 0.00) -0.01 (-0.03, 0.00) -0.01 (-0.02, 0.00) -0.02 (-0.04, -0.00) -0.01 (-0.02, 0.00) 

Citrate 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) -0.00 (-0.01, 0.01) -0.01 (-0.02, 0.00) -0.00 (-0.01, 0.00) 

Glycerol -0.00 (-0.02, 0.02) -0.00 (-0.02, 0.02) -0.00 (-0.02, 0.02) -0.01 (-0.03, 0.01) -0.01 (-0.03, 0.01) -0.01 (-0.02, 0.01) 

Acetate 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) -0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) -0.02 (-0.05, 0.00) -0.01 (-0.03, 0.00) 

Acetoacetate 0.00 (-0.01, 0.01) 0.01 (-0.01, 0.02) 0.00 (-0.01, 0.01) 0.01 (-0.00, 0.02) -0.00 (-0.01, 0.01) -0.00 (-0.01, 0.00) 

3hydroxybutyrate 0.01 (-0.04, 0.06) 0.02 (-0.03, 0.07) 0.01 (-0.05, 0.06) 0.04 (-0.02, 0.09) -0.03 (-0.09, 0.02) -0.02 (-0.06, 0.01) 

Alanine -0.02 (-0.05, 0.02) -0.03 (-0.07, 0.00) -0.02 (-0.06, 0.02) -0.05 (-0.08, -0.01) -0.00 (-0.04, 0.04) 0.00 (-0.02, 0.02) 

Glycine -0.01 (-0.02, 0.01) -0.01 (-0.03, 0.00) -0.01 (-0.03, 0.01) -0.02 (-0.04, -0.00) 0.00 (-0.04, 0.04) -0.01 (-0.03, 0.01) 

Isoleucine -0.00 (-0.01, 0.01) -0.01 (-0.02, 0.00) 0.00 (-0.01, 0.01) -0.01 (-0.02, -0.00) -0.01 (-0.02, 0.01) -0.00 (-0.01, 0.01) 

Leucine -0.00 (-0.01, 0.01) -0.00 (-0.01, 0.01) 0.01 (-0.01, 0.02) -0.01 (-0.02, 0.00) -0.00 (-0.02, 0.01) 0.00 (-0.01, 0.01) 

Valine 0.00 (-0.02, 0.02) -0.01 (-0.03, 0.01) 0.01 (-0.01, 0.03) -0.00 (-0.02, 0.02) 0.01 (-0.01, 0.04) 0.01 (-0.01, 0.02) 

Glutamine 0.02 (-0.01, 0.05) 0.04 (0.01, 0.07) 0.02 (-0.01, 0.05) 0.02 (-0.01, 0.05) -0.00 (-0.05, 0.04) -0.01 (-0.03, 0.01) 

Histidine 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) -0.00 (-0.00, 0.00) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.00) 

Phenylalanine -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.00) 0.00 (-0.00, 0.01) -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.01) 0.00 (-0.00, 0.00) 

Tyrosine -0.01 (-0.01, 0.00) -0.01 (-0.02, -0.00) -0.00 (-0.01, 0.00) -0.01 (-0.02, 0.00) 0.01 (-0.00, 0.02) 0.00 (-0.00, 0.01) 
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Creatinine 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.00) 

Albumin 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.01) 0.00 (0.00, 0.01) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 

GlycA 0.01 (-0.09, 0.11) -0.06 (-0.17, 0.04) 0.03 (-0.09, 0.14) -0.11 (-0.21, -0.01) -0.08 (-0.21, 0.04) -0.06 (-0.14, 0.01) 

Adjusted coefficient (95% CI) for males 

 
 

Boys Fathers 

Group Metabolite CHU9D PedsQL-PS PedsQL-GW ISCWeb CHU9D AQoL8D-PS 
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Total cholesterol -0.08 (-0.45, 0.29) 0.04 (-0.35, 0.43) 0.27 (-0.14, 0.68) -0.04 (-0.44, 0.35) -0.95 (-2.44, 0.54) -0.22 (-0.97, 0.54) 

Remnant cholesterol -0.04 (-0.19, 0.11) -0.07 (-0.23, 0.09) 0.01 (-0.15, 0.18) -0.10 (-0.26, 0.06) -0.38 (-1.11, 0.35) -0.34 (-0.71, 0.02) 

Esterified cholesterol -0.05 (-0.32, 0.21) 0.00 (-0.28, 0.28) 0.18 (-0.12, 0.48) -0.04 (-0.32, 0.25) -0.75 (-1.84, 0.33) -0.15 (-0.70, 0.41) 

Free cholesterol -0.02 (-0.13, 0.08) 0.03 (-0.08, 0.15) 0.08 (-0.04, 0.20) 0.00 (-0.11, 0.12) -0.22 (-0.68, 0.23) -0.04 (-0.27, 0.19) 

Total triglycerides -0.00 (-0.25, 0.25) -0.21 (-0.48, 0.05) -0.20 (-0.46, 0.06) -0.30 (-0.57, -0.03) -0.09 (-1.60, 1.43) -0.81 (-1.57, -0.05) 

Total phosphoglycerides -0.04 (-0.18, 0.10) -0.06 (-0.21, 0.09) 0.03 (-0.12, 0.19) -0.10 (-0.25, 0.05) -0.07 (-0.70, 0.55) -0.17 (-0.48, 0.15) 

VLDL diameter -0.13 (-1.04, 0.77) -0.66 (-1.62, 0.30) -0.95 (-1.94, 0.04) -0.72 (-1.69, 0.25) -0.51 (-3.26, 2.24) -1.30 (-2.67, 0.08) 

xL VLDL lipids 0.00 (-0.02, 0.02) -0.02 (-0.04, -0.00) -0.01 (-0.03, 0.01) -0.02 (-0.04, -0.00) -0.01 (-0.12, 0.09) -0.05 (-0.11, 0.00) 

vL VLDL lipids 0.00 (-0.04, 0.04) -0.04 (-0.09, -0.00) -0.03 (-0.08, 0.01) -0.05 (-0.09, -0.01) -0.03 (-0.28, 0.22) -0.13 (-0.25, -0.00) 

L VLDL lipids 0.01 (-0.11, 0.12) -0.10 (-0.23, 0.02) -0.09 (-0.21, 0.03) -0.14 (-0.26, -0.01) -0.08 (-0.78, 0.61) -0.37 (-0.72, -0.03) 

M VLDL lipids 0.00 (-0.14, 0.15) -0.11 (-0.27, 0.04) -0.10 (-0.25, 0.06) -0.15 (-0.31, 0.00) -0.13 (-0.99, 0.74) -0.46 (-0.89, -0.03) 

S VLDL lipids -0.01 (-0.09, 0.07) -0.05 (-0.14, 0.03) -0.04 (-0.12, 0.05) -0.07 (-0.16, 0.02) -0.06 (-0.47, 0.36) -0.21 (-0.42, -0.01) 

vS VLDL lipids -0.01 (-0.06, 0.03) -0.00 (-0.05, 0.04) 0.02 (-0.03, 0.07) -0.01 (-0.06, 0.03) -0.06 (-0.25, 0.13) -0.06 (-0.15, 0.03) 

VLDL cholesterol -0.02 (-0.12, 0.08) -0.08 (-0.18, 0.03) -0.04 (-0.15, 0.07) -0.10 (-0.21, 0.01) -0.16 (-0.72, 0.40) -0.29 (-0.57, -0.01) 

VLDL triglycerides 0.02 (-0.22, 0.25) -0.20 (-0.45, 0.05) -0.18 (-0.43, 0.06) -0.27 (-0.52, -0.02) -0.13 (-1.54, 1.28) -0.76 (-1.46, -0.06) 

LDL diameter -0.03 (-0.09, 0.03) 0.02 (-0.05, 0.08) -0.03 (-0.09, 0.04) -0.01 (-0.07, 0.06) 0.06 (-0.10, 0.21) 0.04 (-0.04, 0.11) 

L LDL lipids -0.04 (-0.17, 0.10) 0.02 (-0.12, 0.16) 0.10 (-0.04, 0.25) 0.02 (-0.12, 0.16) -0.35 (-0.89, 0.18) -0.08 (-0.35, 0.19) 

M LDL lipids -0.02 (-0.10, 0.06) 0.01 (-0.07, 0.10) 0.07 (-0.02, 0.16) 0.01 (-0.07, 0.10) -0.23 (-0.56, 0.10) -0.05 (-0.22, 0.12) 

S LDL lipids -0.01 (-0.06, 0.04) 0.00 (-0.05, 0.05) 0.04 (-0.02, 0.09) 0.00 (-0.05, 0.06) -0.15 (-0.36, 0.06) -0.03 (-0.13, 0.08) 
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LDL cholesterol -0.04 (-0.23, 0.16) 0.03 (-0.17, 0.24) 0.17 (-0.05, 0.38) 0.04 (-0.17, 0.25) -0.57 (-1.37, 0.23) -0.10 (-0.50, 0.31) 

LDL triglycerides -0.01 (-0.02, 0.01) -0.00 (-0.02, 0.01) 0.00 (-0.02, 0.02) -0.01 (-0.02, 0.01) 0.01 (-0.05, 0.08) -0.02 (-0.05, 0.02) 

IDL lipids -0.03 (-0.13, 0.08) 0.02 (-0.09, 0.13) 0.08 (-0.04, 0.19) 0.00 (-0.11, 0.11) -0.27 (-0.71, 0.16) -0.06 (-0.28, 0.15) 

IDL cholesterol -0.02 (-0.10, 0.05) 0.01 (-0.07, 0.09) 0.06 (-0.03, 0.14) 0.01 (-0.07, 0.09) -0.23 (-0.54, 0.08) -0.03 (-0.19, 0.12) 

IDL triglycerides -0.00 (-0.01, 0.00) 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) -0.00 (-0.01, 0.00) 0.01 (-0.03, 0.06) -0.01 (-0.03, 0.02) 

HDL diameter -0.04 (-0.17, 0.08) 0.03 (-0.11, 0.17) 0.04 (-0.10, 0.18) 0.01 (-0.12, 0.15) 0.01 (-0.38, 0.41) 0.18 (-0.02, 0.38) 

vL HDL lipids -0.02 (-0.13, 0.09) 0.03 (-0.09, 0.15) 0.06 (-0.06, 0.18) 0.00 (-0.12, 0.12) -0.07 (-0.39, 0.25) 0.08 (-0.08, 0.24) 

L HDL lipids -0.03 (-0.19, 0.14) 0.06 (-0.11, 0.23) 0.07 (-0.11, 0.24) 0.02 (-0.15, 0.19) 0.11 (-0.42, 0.64) 0.29 (0.03, 0.55) 

M HDL lipids 0.01 (-0.07, 0.09) 0.02 (-0.06, 0.10) -0.01 (-0.10, 0.07) -0.02 (-0.10, 0.06) -0.03 (-0.35, 0.30) 0.09 (-0.08, 0.26) 

S HDL lipids 0.02 (-0.04, 0.08) 0.02 (-0.05, 0.08) -0.01 (-0.08, 0.06) 0.00 (-0.07, 0.07) -0.02 (-0.33, 0.29) 0.04 (-0.12, 0.19) 

HDL1 cholesterol -0.00 (-0.16, 0.15) 0.07 (-0.09, 0.24) 0.09 (-0.08, 0.26) 0.02 (-0.15, 0.18) -0.01 (-0.55, 0.54) 0.22 (-0.05, 0.49) 

HDL2 cholesterol -0.00 (-0.15, 0.14) 0.07 (-0.09, 0.22) 0.08 (-0.08, 0.24) 0.02 (-0.14, 0.17) -0.01 (-0.52, 0.50) 0.22 (-0.04, 0.47) 

HDL3 cholesterol 0.00 (-0.01, 0.01) 0.01 (-0.01, 0.02) 0.01 (-0.01, 0.02) -0.00 (-0.02, 0.01) 0.01 (-0.05, 0.06) 0.00 (-0.02, 0.03) 

HDL triglycerides -0.01 (-0.02, 0.01) -0.01 (-0.03, 0.01) -0.01 (-0.03, 0.00) -0.02 (-0.03, 0.00) 0.01 (-0.06, 0.09) -0.02 (-0.06, 0.01) 
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Total fatty acids -0.21 (-1.13, 0.70) -0.51 (-1.48, 0.46) -0.10 (-1.10, 0.90) -0.79 (-1.78, 0.20) -1.66 (-6.29, 2.98) -2.13 (-4.46, 0.20) 

Saturated fatty acids -0.13 (-0.47, 0.22) -0.25 (-0.62, 0.12) -0.02 (-0.40, 0.36) -0.29 (-0.67, 0.08) -0.61 (-2.45, 1.24) -0.98 (-1.91, -0.06) 

Saturated:total FAs -0.54 (-1.52, 0.44) -0.46 (-1.49, 0.58) 0.30 (-0.80, 1.39) 0.04 (-1.01, 1.09) 0.15 (-3.02, 3.32) -1.54 (-3.13, 0.05) 

Degree of unsaturation 0.02 (-0.02, 0.05) 0.04 (0.00, 0.07) 0.03 (-0.01, 0.06) 0.02 (-0.01, 0.06) 0.02 (-0.10, 0.14) 0.07 (0.01, 0.13) 

Monounsaturated fatty acids -0.11 (-0.44, 0.23) -0.35 (-0.70, 0.00) -0.19 (-0.54, 0.17) -0.42 (-0.77, -0.06) -0.64 (-2.44, 1.15) -1.02 (-1.91, -0.12) 

Monounsaturated:total FAs -0.47 (-1.86, 0.92) -1.92 (-3.39, -0.46) -1.51 (-3.03, 0.01) -1.86 (-3.35, -0.37) -1.37 (-6.24, 3.50) -2.87 (-5.30, -0.43) 

Polyunsaturated fatty acids 0.02 (-0.30, 0.34) 0.09 (-0.25, 0.43) 0.10 (-0.25, 0.46) -0.08 (-0.43, 0.26) -0.40 (-1.71, 0.90) -0.13 (-0.79, 0.53) 

Polyunsaturated:total FAs 1.01 (-0.76, 2.78) 2.38 (0.52, 4.24) 1.21 (-0.72, 3.15) 1.82 (-0.08, 3.71) 1.22 (-5.03, 7.46) 4.41 (1.31, 7.50) 

Omega3 fatty acids 0.01 (-0.04, 0.06) 0.03 (-0.02, 0.08) 0.04 (-0.02, 0.09) 0.01 (-0.05, 0.06) -0.01 (-0.27, 0.26) -0.03 (-0.17, 0.10) 

Omega3:total FAs 0.14 (-0.20, 0.49) 0.39 (0.03, 0.75) 0.38 (-0.00, 0.76) 0.32 (-0.05, 0.69) 0.32 (-1.02, 1.66) 0.41 (-0.27, 1.08) 

22:6, docosahexaenoic acid 0.00 (-0.01, 0.02) 0.01 (-0.00, 0.03) 0.02 (-0.00, 0.04) 0.01 (-0.01, 0.03) -0.01 (-0.10, 0.08) -0.01 (-0.06, 0.03) 



Lange: Metabolic profiles of mental health 

37 of 46 

 

Docosahexaenoic:total FAs 0.02 (-0.13, 0.16) 0.14 (-0.01, 0.29) 0.18 (0.02, 0.34) 0.14 (-0.02, 0.29) 0.00 (-0.54, 0.54) 0.08 (-0.19, 0.36) 

Omega6 fatty acids 0.01 (-0.27, 0.29) 0.06 (-0.23, 0.36) 0.07 (-0.25, 0.38) -0.09 (-0.39, 0.21) -0.40 (-1.49, 0.70) -0.09 (-0.65, 0.46) 

Omega6:total FAs 0.87 (-0.80, 2.53) 1.99 (0.24, 3.73) 0.83 (-0.98, 2.65) 1.50 (-0.28, 3.28) 0.90 (-5.16, 6.96) 4.00 (0.99, 7.01) 

18:2, linoleic acid -0.01 (-0.27, 0.25) 0.04 (-0.23, 0.32) -0.01 (-0.29, 0.28) -0.09 (-0.36, 0.19) -0.30 (-1.28, 0.67) -0.02 (-0.52, 0.48) 

Linoleic:total FAs 0.64 (-1.12, 2.40) 1.69 (-0.16, 3.54) 0.17 (-1.77, 2.11) 1.23 (-0.65, 3.11) 1.03 (-4.70, 6.76) 3.75 (0.91, 6.60) 

Total cholines -0.04 (-0.19, 0.11) -0.03 (-0.19, 0.13) 0.06 (-0.11, 0.22) -0.08 (-0.24, 0.08) -0.17 (-0.74, 0.39) -0.07 (-0.35, 0.22) 

Phosphatidylcholine -0.04 (-0.18, 0.10) -0.05 (-0.20, 0.09) 0.04 (-0.12, 0.19) -0.10 (-0.25, 0.06) -0.14 (-0.68, 0.40) -0.09 (-0.37, 0.18) 

Sphingomyelins -0.00 (-0.04, 0.04) 0.01 (-0.03, 0.05) 0.03 (-0.01, 0.07) 0.00 (-0.04, 0.04) -0.04 (-0.16, 0.08) 0.00 (-0.06, 0.06) 

O
th

er
 

ApoA1 -0.01 (-0.10, 0.08) 0.01 (-0.09, 0.10) 0.04 (-0.06, 0.14) -0.02 (-0.12, 0.07) -0.06 (-0.36, 0.24) 0.04 (-0.12, 0.19) 

ApoB -0.01 (-0.09, 0.06) -0.03 (-0.11, 0.05) 0.01 (-0.08, 0.09) -0.05 (-0.13, 0.03) -0.20 (-0.57, 0.18) -0.19 (-0.38, -0.00) 

ApoB:ApoA1 -0.01 (-0.06, 0.05) -0.03 (-0.08, 0.03) -0.00 (-0.06, 0.05) -0.03 (-0.08, 0.03) -0.11 (-0.37, 0.15) -0.15 (-0.27, -0.02) 

Pyruvate -0.01 (-0.02, 0.01) -0.02 (-0.04, -0.01) -0.01 (-0.02, 0.01) -0.01 (-0.03, 0.00) 0.00 (-0.05, 0.05) -0.02 (-0.04, 0.01) 

Citrate -0.00 (-0.01, 0.01) -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 0.01 (-0.00, 0.02) 0.03 (0.01, 0.06) 0.01 (-0.00, 0.03) 

Glycerol 0.02 (-0.00, 0.04) 0.01 (-0.01, 0.04) 0.02 (-0.00, 0.04) 0.01 (-0.01, 0.03) 0.01 (-0.04, 0.06) -0.00 (-0.03, 0.03) 

Acetate 0.00 (-0.00, 0.01) -0.00 (-0.00, 0.00) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) -0.02 (-0.07, 0.03) -0.01 (-0.04, 0.01) 

Acetoacetate -0.00 (-0.01, 0.01) 0.01 (-0.01, 0.02) 0.00 (-0.01, 0.02) -0.00 (-0.01, 0.01) -0.01 (-0.05, 0.03) -0.01 (-0.03, 0.01) 

3hydroxybutyrate 0.01 (-0.04, 0.07) 0.04 (-0.02, 0.11) 0.05 (-0.02, 0.11) 0.03 (-0.04, 0.09) -0.01 (-0.14, 0.12) -0.04 (-0.10, 0.03) 

Alanine -0.02 (-0.05, 0.02) -0.04 (-0.08, -0.01) -0.00 (-0.04, 0.04) -0.00 (-0.04, 0.03) 0.11 (0.00, 0.21) 0.03 (-0.02, 0.09) 

Glycine -0.01 (-0.03, 0.00) -0.02 (-0.04, 0.00) -0.01 (-0.03, 0.01) -0.01 (-0.03, 0.01) 0.02 (-0.03, 0.07) 0.00 (-0.02, 0.03) 

Isoleucine -0.00 (-0.01, 0.01) -0.01 (-0.02, -0.00) -0.01 (-0.02, 0.00) -0.01 (-0.02, 0.00) 0.01 (-0.03, 0.04) -0.01 (-0.02, 0.01) 

Leucine 0.00 (-0.01, 0.01) -0.01 (-0.02, 0.00) -0.01 (-0.02, 0.00) -0.01 (-0.02, 0.00) 0.02 (-0.02, 0.06) -0.00 (-0.02, 0.02) 

Valine 0.01 (-0.01, 0.03) -0.01 (-0.04, 0.01) -0.01 (-0.03, 0.02) -0.00 (-0.02, 0.02) 0.01 (-0.05, 0.07) 0.00 (-0.03, 0.03) 

Glutamine 0.00 (-0.03, 0.03) -0.03 (-0.06, 0.00) -0.01 (-0.04, 0.03) -0.01 (-0.04, 0.02) 0.07 (-0.03, 0.17) 0.04 (-0.01, 0.09) 

Histidine 0.00 (-0.00, 0.01) -0.01 (-0.01, -0.00) 0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.01, 0.02) 0.00 (-0.00, 0.01) 

Phenylalanine -0.01 (-0.01, 0.00) -0.01 (-0.01, -0.00) -0.01 (-0.01, -0.00) -0.00 (-0.01, 0.00) 0.00 (-0.01, 0.02) 0.00 (-0.01, 0.01) 
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Tyrosine -0.00 (-0.01, 0.01) -0.01 (-0.02, -0.00) -0.00 (-0.01, 0.01) -0.00 (-0.01, 0.01) -0.01 (-0.03, 0.01) -0.00 (-0.01, 0.01) 

Creatinine 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.02, 0.02) 0.01 (-0.00, 0.02) 

Albumin 0.00 (-0.00, 0.00) -0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) -0.00 (-0.01, 0.01) -0.00 (-0.01, 0.00) 

GlycA 0.03 (-0.07, 0.13) -0.06 (-0.16, 0.05) -0.03 (-0.14, 0.07) -0.11 (-0.21, -0.00) 0.07 (-0.40, 0.54) -0.19 (-0.42, 0.05) 

xL, extra large; vL, very large; L, large; M, medium; S, small; vS, very small; VLDL, very low density lipoproteins; LDL, low density lipoproteins; IDL, intermediate density lipoproteins; 1 

HDL, high density lipoproteins; FAs, fatty acids; ApoA1, Apolipoprotein A1; ApoB, Apolipoprotein B; GlycA, Glyprotein acetyls. 2 

  3 
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Table S8. Regression coefficient and 95% confidence interval for each mental health score (on a 0-1 scale) per unit increase in each metabolite 1 

(on original scale), for unadjusted regression, and adjusted for age, sex, SEP, and BMI (for adults) or BMI CDC z-score (for children).  2 

Unadjusted coefficient (95% CI) 

 
 

Child Adult 

Group Metabolite CHU9D PedsQL-PS PedsQL-GW ISCWeb CHU9D AQoL8D-PS 

L
ip

id
s,

 C
h

o
le

st
er

o
l 

an
d
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ri
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ly
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Total cholesterol 0.00 (-0.01, 0.02) 0.01 (-0.01, 0.02) 0.01 (0.00, 0.02) 0.01 (-0.01, 0.02) 0.01 (0.00, 0.01) 0.01 (-0.00, 0.02) 

Remnant cholesterol -0.01 (-0.04, 0.02) -0.02 (-0.05, 0.01) -0.01 (-0.04, 0.02) -0.04 (-0.07, -0.01) -0.01 (-0.02, 0.01) -0.03 (-0.05, -0.00) 

Esterified cholesterol 0.00 (-0.02, 0.02) 0.01 (-0.01, 0.02) 0.02 (-0.00, 0.03) 0.01 (-0.01, 0.02) 0.01 (0.00, 0.02) 0.01 (-0.00, 0.03) 

Free cholesterol 0.01 (-0.03, 0.06) 0.03 (-0.01, 0.07) 0.05 (0.01, 0.09) 0.03 (-0.01, 0.07) 0.02 (0.00, 0.04) 0.03 (-0.01, 0.07) 

Total triglycerides -0.01 (-0.02, 0.01) -0.02 (-0.04, -0.01) -0.02 (-0.04, -0.01) -0.04 (-0.06, -0.03) -0.01 (-0.02, -0.00) -0.03 (-0.04, -0.02) 

Total phosphoglycerides -0.01 (-0.04, 0.03) -0.01 (-0.04, 0.02) 0.01 (-0.02, 0.04) -0.02 (-0.05, 0.01) 0.01 (0.00, 0.03) 0.02 (-0.01, 0.04) 

VLDL diameter -0.00 (-0.01, 0.00) -0.01 (-0.01, -0.00) -0.01 (-0.01, -0.00) -0.01 (-0.02, -0.01) -0.01 (-0.01, -0.00) -0.01 (-0.02, -0.01) 

xL VLDL lipids -0.15 (-0.40, 0.11) -0.37 (-0.62, -0.13) -0.35 (-0.58, -0.11) -0.61 (-0.84, -0.37) -0.16 (-0.28, -0.05) -0.44 (-0.65, -0.22) 

vL VLDL lipids -0.06 (-0.18, 0.05) -0.16 (-0.27, -0.05) -0.16 (-0.27, -0.06) -0.28 (-0.38, -0.17) -0.07 (-0.12, -0.02) -0.20 (-0.29, -0.11) 

L VLDL lipids -0.02 (-0.06, 0.02) -0.05 (-0.09, -0.01) -0.06 (-0.09, -0.02) -0.10 (-0.13, -0.06) -0.02 (-0.04, -0.01) -0.07 (-0.10, -0.04) 

M VLDL lipids -0.01 (-0.04, 0.02) -0.04 (-0.07, -0.01) -0.04 (-0.07, -0.01) -0.07 (-0.10, -0.04) -0.02 (-0.03, -0.01) -0.05 (-0.07, -0.03) 

S VLDL lipids -0.01 (-0.07, 0.04) -0.07 (-0.12, -0.01) -0.06 (-0.11, -0.01) -0.12 (-0.17, -0.07) -0.03 (-0.05, -0.00) -0.09 (-0.13, -0.04) 

vS VLDL lipids 0.02 (-0.09, 0.13) 0.01 (-0.10, 0.11) 0.04 (-0.06, 0.14) -0.01 (-0.11, 0.10) -0.01 (-0.05, 0.04) -0.07 (-0.15, 0.02) 

VLDL cholesterol -0.02 (-0.06, 0.03) -0.05 (-0.09, -0.01) -0.04 (-0.08, -0.00) -0.09 (-0.13, -0.05) -0.02 (-0.04, -0.00) -0.06 (-0.09, -0.03) 

VLDL triglycerides -0.01 (-0.03, 0.01) -0.03 (-0.04, -0.01) -0.03 (-0.05, -0.01) -0.05 (-0.07, -0.03) -0.01 (-0.02, -0.00) -0.03 (-0.05, -0.02) 

LDL diameter -0.02 (-0.09, 0.06) 0.06 (-0.02, 0.13) 0.02 (-0.05, 0.09) 0.03 (-0.04, 0.11) -0.04 (-0.09, 0.01) 0.01 (-0.08, 0.10) 

L LDL lipids 0.01 (-0.03, 0.04) 0.01 (-0.02, 0.05) 0.03 (-0.01, 0.06) 0.02 (-0.02, 0.05) 0.01 (-0.01, 0.03) 0.01 (-0.02, 0.04) 

M LDL lipids 0.01 (-0.05, 0.07) 0.01 (-0.04, 0.07) 0.04 (-0.01, 0.10) 0.03 (-0.03, 0.08) 0.02 (-0.01, 0.04) 0.01 (-0.04, 0.06) 

S LDL lipids 0.03 (-0.07, 0.12) 0.02 (-0.07, 0.11) 0.06 (-0.02, 0.15) 0.05 (-0.04, 0.14) 0.03 (-0.01, 0.07) 0.03 (-0.05, 0.11) 

LDL cholesterol 0.00 (-0.02, 0.03) 0.01 (-0.02, 0.03) 0.02 (-0.00, 0.04) 0.01 (-0.01, 0.04) 0.01 (-0.00, 0.02) 0.01 (-0.01, 0.03) 



Lange: Metabolic profiles of mental health 

40 of 46 

 

LDL triglycerides -0.04 (-0.36, 0.27) -0.02 (-0.33, 0.29) 0.12 (-0.17, 0.41) -0.26 (-0.56, 0.04) 0.00 (-0.11, 0.11) -0.10 (-0.31, 0.10) 

IDL lipids 0.00 (-0.04, 0.05) 0.02 (-0.03, 0.06) 0.04 (-0.01, 0.08) 0.02 (-0.03, 0.06) 0.01 (-0.01, 0.03) 0.01 (-0.03, 0.05) 

IDL cholesterol 0.01 (-0.05, 0.07) 0.03 (-0.03, 0.09) 0.05 (-0.01, 0.11) 0.03 (-0.03, 0.09) 0.02 (-0.01, 0.05) 0.02 (-0.03, 0.08) 

IDL triglycerides 0.09 (-0.45, 0.63) 0.14 (-0.38, 0.66) 0.19 (-0.30, 0.68) -0.25 (-0.76, 0.26) -0.07 (-0.26, 0.11) -0.32 (-0.66, 0.02) 

HDL diameter -0.00 (-0.04, 0.03) 0.04 (0.01, 0.08) 0.05 (0.02, 0.09) 0.05 (0.02, 0.08) 0.03 (0.01, 0.05) 0.08 (0.05, 0.11) 

vL HDL lipids -0.00 (-0.05, 0.04) 0.04 (-0.00, 0.08) 0.06 (0.02, 0.10) 0.05 (0.01, 0.09) 0.03 (0.01, 0.05) 0.09 (0.05, 0.12) 

L HDL lipids 0.01 (-0.02, 0.04) 0.04 (0.01, 0.07) 0.05 (0.02, 0.08) 0.05 (0.02, 0.07) 0.02 (0.01, 0.03) 0.06 (0.03, 0.08) 

M HDL lipids 0.05 (-0.01, 0.11) 0.05 (-0.01, 0.11) 0.03 (-0.02, 0.09) 0.05 (-0.01, 0.11) 0.02 (-0.00, 0.05) 0.05 (0.00, 0.10) 

S HDL lipids 0.08 (0.01, 0.15) 0.04 (-0.03, 0.11) 0.00 (-0.06, 0.07) 0.02 (-0.04, 0.09) 0.01 (-0.03, 0.04) -0.01 (-0.07, 0.05) 

HDL1 cholesterol 0.01 (-0.02, 0.04) 0.04 (0.01, 0.07) 0.05 (0.02, 0.08) 0.05 (0.02, 0.07) 0.03 (0.01, 0.04) 0.06 (0.03, 0.08) 

HDL2 cholesterol 0.01 (-0.02, 0.05) 0.04 (0.01, 0.07) 0.05 (0.02, 0.08) 0.05 (0.02, 0.08) 0.03 (0.01, 0.04) 0.06 (0.04, 0.09) 

HDL3 cholesterol 0.07 (-0.27, 0.41) 0.31 (-0.02, 0.64) 0.47 (0.15, 0.78) 0.30 (-0.03, 0.62) 0.29 (0.15, 0.43) 0.54 (0.27, 0.80) 

HDL triglycerides -0.11 (-0.39, 0.18) -0.15 (-0.42, 0.12) -0.14 (-0.39, 0.12) -0.50 (-0.77, -0.23) -0.06 (-0.19, 0.06) -0.22 (-0.44, 0.01) 

F
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Total fatty acids -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.00) -0.01 (-0.01, -0.00) -0.00 (-0.00, 0.00) -0.00 (-0.01, -0.00) 

Saturated fatty acids -0.01 (-0.02, 0.01) -0.01 (-0.02, 0.00) -0.01 (-0.02, 0.01) -0.02 (-0.03, -0.01) -0.00 (-0.01, 0.00) -0.01 (-0.02, -0.00) 

Saturated:total FAs -0.00 (-0.01, -0.00) -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.00) -0.00 (-0.00, 0.00) -0.00 (-0.00, 0.00) 

Degree of unsaturation 0.10 (-0.04, 0.24) 0.16 (0.02, 0.29) 0.18 (0.06, 0.31) 0.29 (0.16, 0.42) 0.19 (0.11, 0.26) 0.36 (0.23, 0.50) 

Monounsaturated fatty acids -0.01 (-0.02, 0.01) -0.02 (-0.03, -0.00) -0.01 (-0.03, -0.00) -0.03 (-0.04, -0.02) -0.01 (-0.01, -0.00) -0.02 (-0.03, -0.01) 

Monounsaturated:total FAs -0.00 (-0.01, 0.00) -0.01 (-0.01, -0.00) -0.01 (-0.01, -0.00) -0.01 (-0.01, -0.01) -0.00 (-0.01, -0.00) -0.01 (-0.01, -0.01) 

Polyunsaturated fatty acids 0.01 (-0.01, 0.02) 0.01 (-0.01, 0.02) 0.01 (-0.00, 0.02) -0.00 (-0.02, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.01, 0.02) 

Polyunsaturated:total FAs 0.00 (0.00, 0.01) 0.00 (0.00, 0.01) 0.00 (0.00, 0.01) 0.01 (0.00, 0.01) 0.00 (0.00, 0.00) 0.01 (0.00, 0.01) 

Omega3 fatty acids 0.06 (-0.03, 0.16) 0.06 (-0.03, 0.15) 0.09 (0.00, 0.18) 0.01 (-0.08, 0.10) 0.05 (0.01, 0.09) 0.05 (-0.02, 0.12) 

Omega3:total FAs 0.01 (-0.00, 0.03) 0.02 (0.01, 0.03) 0.02 (0.01, 0.03) 0.02 (0.01, 0.03) 0.02 (0.01, 0.02) 0.03 (0.02, 0.04) 

22:6, docosahexaenoic acid 0.16 (-0.13, 0.45) 0.30 (0.02, 0.57) 0.40 (0.14, 0.66) 0.32 (0.05, 0.59) 0.22 (0.10, 0.34) 0.27 (0.05, 0.49) 

Docosahexaenoic:total FAs 0.02 (-0.02, 0.05) 0.04 (0.01, 0.07) 0.05 (0.02, 0.08) 0.06 (0.03, 0.09) 0.04 (0.03, 0.06) 0.07 (0.04, 0.11) 
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Omega6 fatty acids 0.01 (-0.01, 0.03) 0.01 (-0.01, 0.02) 0.01 (-0.01, 0.02) -0.00 (-0.02, 0.01) 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.02) 

Omega6:total FAs 0.00 (-0.00, 0.01) 0.00 (0.00, 0.01) 0.00 (0.00, 0.01) 0.01 (0.00, 0.01) 0.00 (0.00, 0.00) 0.01 (0.00, 0.01) 

18:2, linoleic acid 0.01 (-0.01, 0.03) 0.01 (-0.01, 0.02) 0.01 (-0.01, 0.02) -0.00 (-0.02, 0.01) 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.02) 

Linoleic:total FAs 0.00 (-0.00, 0.00) 0.00 (0.00, 0.01) 0.00 (0.00, 0.00) 0.00 (0.00, 0.01) 0.00 (-0.00, 0.00) 0.00 (0.00, 0.01) 

Total cholines -0.00 (-0.03, 0.03) 0.00 (-0.03, 0.03) 0.02 (-0.00, 0.05) -0.00 (-0.04, 0.03) 0.02 (0.00, 0.03) 0.03 (0.00, 0.05) 

Phosphatidylcholine -0.01 (-0.04, 0.03) -0.01 (-0.04, 0.02) 0.01 (-0.02, 0.04) -0.02 (-0.05, 0.01) 0.02 (0.00, 0.03) 0.02 (-0.01, 0.05) 

Sphingomyelins 0.07 (-0.06, 0.20) 0.12 (-0.00, 0.25) 0.19 (0.07, 0.30) 0.14 (0.02, 0.26) 0.07 (0.00, 0.13) 0.14 (0.02, 0.25) 

O
th

er
 

ApoA1 0.02 (-0.03, 0.07) 0.04 (-0.01, 0.09) 0.07 (0.02, 0.12) 0.05 (-0.00, 0.10) 0.04 (0.02, 0.06) 0.08 (0.04, 0.13) 

ApoB -0.01 (-0.07, 0.05) -0.04 (-0.10, 0.02) -0.02 (-0.08, 0.03) -0.08 (-0.14, -0.02) -0.01 (-0.04, 0.01) -0.06 (-0.11, -0.01) 

ApoB:ApoA1 -0.03 (-0.12, 0.05) -0.09 (-0.17, -0.01) -0.09 (-0.16, -0.01) -0.15 (-0.23, -0.07) -0.05 (-0.08, -0.01) -0.13 (-0.19, -0.07) 

Pyruvate -0.26 (-0.60, 0.09) -0.53 (-0.87, -0.20) -0.31 (-0.62, 0.01) -0.39 (-0.72, -0.06) -0.26 (-0.41, -0.11) -0.56 (-0.84, -0.28) 

Citrate 0.15 (-0.32, 0.61) 0.29 (-0.16, 0.74) 0.38 (-0.04, 0.80) 0.40 (-0.04, 0.83) -0.09 (-0.39, 0.21) 0.02 (-0.54, 0.57) 

Glycerol 0.36 (-0.15, 0.87) 0.07 (-0.42, 0.57) 0.02 (-0.46, 0.49) -0.15 (-0.62, 0.31) -0.40 (-0.74, -0.05) -1.06 (-1.69, -0.43) 

Acetate 1.09 (-0.42, 2.59) 0.20 (-1.25, 1.66) 0.69 (-0.67, 2.05) 1.16 (-0.26, 2.59) -0.10 (-0.23, 0.03) -0.21 (-0.44, 0.03) 

Acetoacetate 0.04 (-0.40, 0.48) 0.37 (-0.06, 0.80) 0.18 (-0.22, 0.58) 0.23 (-0.19, 0.65) 0.01 (-0.23, 0.25) -0.18 (-0.62, 0.26) 

3hydroxybutyrate 0.03 (-0.06, 0.12) 0.08 (-0.00, 0.17) 0.07 (-0.01, 0.16) 0.08 (-0.00, 0.17) -0.03 (-0.09, 0.03) -0.09 (-0.20, 0.02) 

Alanine -0.10 (-0.24, 0.04) -0.18 (-0.32, -0.05) -0.05 (-0.18, 0.08) -0.14 (-0.27, -0.01) 0.01 (-0.07, 0.10) 0.02 (-0.13, 0.17) 

Glycine -0.17 (-0.42, 0.08) -0.23 (-0.48, 0.01) -0.11 (-0.34, 0.12) -0.25 (-0.49, -0.01) 0.01 (-0.08, 0.09) -0.06 (-0.21, 0.09) 

Isoleucine -0.16 (-0.61, 0.30) -0.69 (-1.12, -0.25) -0.48 (-0.89, -0.06) -0.74 (-1.17, -0.31) -0.20 (-0.44, 0.04) -0.46 (-0.90, -0.03) 

Leucine -0.05 (-0.50, 0.39) -0.53 (-0.96, -0.10) -0.34 (-0.75, 0.07) -0.64 (-1.07, -0.22) -0.06 (-0.29, 0.16) -0.20 (-0.61, 0.20) 

Valine 0.06 (-0.17, 0.29) -0.21 (-0.43, 0.01) -0.10 (-0.31, 0.10) -0.15 (-0.36, 0.07) 0.04 (-0.08, 0.15) 0.06 (-0.15, 0.28) 

Glutamine 0.11 (-0.05, 0.27) 0.12 (-0.03, 0.27) 0.13 (-0.01, 0.27) 0.11 (-0.04, 0.26) 0.07 (-0.01, 0.14) 0.11 (-0.02, 0.25) 

Histidine 0.13 (-0.88, 1.13) -0.62 (-1.59, 0.35) -0.12 (-1.03, 0.80) -0.08 (-1.03, 0.88) 0.57 (0.01, 1.12) 0.96 (-0.07, 1.98) 

Phenylalanine -1.13 (-2.06, -0.20) -1.65 (-2.54, -0.76) -1.02 (-1.85, -0.18) -1.37 (-2.25, -0.49) -0.46 (-0.93, 0.02) -1.04 (-1.91, -0.17) 

Tyrosine -0.41 (-1.00, 0.18) -0.96 (-1.53, -0.39) -0.47 (-1.00, 0.07) -0.66 (-1.22, -0.10) 0.07 (-0.27, 0.41) 0.05 (-0.58, 0.67) 
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Creatinine 0.57 (-0.69, 1.83) 0.39 (-0.82, 1.60) 0.29 (-0.84, 1.43) 0.51 (-0.68, 1.70) 0.68 (0.19, 1.17) 1.31 (0.41, 2.21) 

Albumin 1.03 (-0.70, 2.75) 1.43 (-0.23, 3.09) 2.04 (0.49, 3.59) 2.08 (0.45, 3.71) 1.09 (0.14, 2.03) 1.64 (-0.11, 3.39) 

GlycA 0.00 (-0.04, 0.05) -0.05 (-0.10, -0.01) -0.05 (-0.09, -0.01) -0.09 (-0.14, -0.05) -0.04 (-0.06, -0.02) -0.11 (-0.15, -0.07) 

Adjusted coefficient (95% CI) 

 
 

Child Adult 

Group Metabolite CHU9D PedsQL-PS PedsQL-GW ISCWeb CHU9D AQoL8D-PS 

L
ip
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s,
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h
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Total cholesterol 0.00 (-0.01, 0.02) 0.00 (-0.01, 0.01) 0.01 (-0.00, 0.02) 0.00 (-0.01, 0.01) 0.01 (-0.00, 0.01) 0.01 (-0.00, 0.02) 

Remnant cholesterol -0.00 (-0.04, 0.03) -0.02 (-0.05, 0.01) 0.00 (-0.02, 0.03) -0.03 (-0.06, 0.00) -0.00 (-0.01, 0.01) -0.01 (-0.03, 0.02) 

Esterified cholesterol 0.00 (-0.02, 0.02) 0.00 (-0.02, 0.02) 0.01 (-0.00, 0.03) 0.00 (-0.01, 0.02) 0.01 (-0.00, 0.02) 0.01 (-0.00, 0.03) 

Free cholesterol 0.01 (-0.03, 0.06) 0.01 (-0.03, 0.06) 0.04 (-0.00, 0.08) 0.02 (-0.03, 0.06) 0.02 (-0.00, 0.04) 0.03 (-0.01, 0.06) 

Total triglycerides -0.00 (-0.02, 0.01) -0.02 (-0.04, -0.00) -0.01 (-0.03, 0.00) -0.04 (-0.05, -0.02) -0.01 (-0.01, 0.00) -0.02 (-0.03, -0.00) 

Total phosphoglycerides -0.01 (-0.04, 0.02) -0.02 (-0.05, 0.01) 0.01 (-0.02, 0.04) -0.03 (-0.06, 0.00) 0.01 (-0.00, 0.03) 0.02 (-0.01, 0.04) 

VLDL diameter -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.00) -0.01 (-0.01, -0.00) -0.01 (-0.01, -0.00) -0.00 (-0.01, -0.00) -0.01 (-0.02, -0.00) 

xL VLDL lipids -0.14 (-0.40, 0.13) -0.32 (-0.57, -0.08) -0.21 (-0.44, 0.03) -0.51 (-0.75, -0.27) -0.12 (-0.24, 0.01) -0.28 (-0.50, -0.05) 

vL VLDL lipids -0.05 (-0.17, 0.06) -0.14 (-0.25, -0.03) -0.09 (-0.20, 0.01) -0.23 (-0.34, -0.12) -0.05 (-0.11, 0.00) -0.13 (-0.22, -0.03) 

L VLDL lipids -0.01 (-0.05, 0.03) -0.04 (-0.08, -0.00) -0.03 (-0.07, 0.01) -0.08 (-0.12, -0.04) -0.02 (-0.03, 0.00) -0.04 (-0.08, -0.01) 

M VLDL lipids -0.01 (-0.04, 0.03) -0.03 (-0.06, 0.00) -0.02 (-0.05, 0.01) -0.06 (-0.09, -0.03) -0.01 (-0.03, 0.00) -0.03 (-0.06, -0.01) 

S VLDL lipids -0.00 (-0.06, 0.06) -0.05 (-0.11, 0.01) -0.02 (-0.08, 0.03) -0.09 (-0.15, -0.04) -0.01 (-0.04, 0.01) -0.05 (-0.09, -0.00) 

vS VLDL lipids 0.03 (-0.08, 0.14) 0.01 (-0.10, 0.12) 0.07 (-0.03, 0.17) 0.01 (-0.09, 0.12) 0.01 (-0.03, 0.06) -0.01 (-0.09, 0.08) 

VLDL cholesterol -0.01 (-0.06, 0.04) -0.04 (-0.08, 0.00) -0.01 (-0.06, 0.03) -0.07 (-0.12, -0.03) -0.01 (-0.03, 0.01) -0.03 (-0.06, 0.01) 

VLDL triglycerides -0.00 (-0.02, 0.02) -0.02 (-0.04, -0.00) -0.02 (-0.03, 0.00) -0.04 (-0.06, -0.02) -0.01 (-0.02, 0.00) -0.02 (-0.04, -0.01) 

LDL diameter -0.02 (-0.10, 0.06) 0.04 (-0.04, 0.11) 0.01 (-0.06, 0.08) 0.02 (-0.05, 0.10) -0.02 (-0.07, 0.03) 0.03 (-0.06, 0.13) 

L LDL lipids 0.01 (-0.03, 0.04) 0.01 (-0.03, 0.04) 0.02 (-0.01, 0.06) 0.01 (-0.02, 0.05) 0.01 (-0.01, 0.03) 0.02 (-0.01, 0.05) 

M LDL lipids 0.01 (-0.05, 0.07) 0.00 (-0.05, 0.06) 0.04 (-0.01, 0.09) 0.02 (-0.03, 0.08) 0.02 (-0.01, 0.04) 0.02 (-0.03, 0.07) 

S LDL lipids 0.03 (-0.07, 0.12) 0.01 (-0.08, 0.10) 0.06 (-0.03, 0.14) 0.04 (-0.05, 0.13) 0.03 (-0.01, 0.07) 0.04 (-0.04, 0.12) 
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LDL cholesterol 0.00 (-0.02, 0.03) 0.00 (-0.02, 0.03) 0.02 (-0.01, 0.04) 0.01 (-0.01, 0.03) 0.01 (-0.00, 0.02) 0.01 (-0.01, 0.03) 

LDL triglycerides -0.05 (-0.38, 0.27) -0.07 (-0.37, 0.24) 0.10 (-0.19, 0.39) -0.31 (-0.61, -0.00) 0.03 (-0.08, 0.14) -0.01 (-0.21, 0.19) 

IDL lipids 0.00 (-0.04, 0.05) 0.01 (-0.04, 0.05) 0.03 (-0.01, 0.07) 0.01 (-0.03, 0.05) 0.01 (-0.01, 0.03) 0.02 (-0.02, 0.06) 

IDL cholesterol 0.01 (-0.06, 0.07) 0.01 (-0.05, 0.07) 0.04 (-0.01, 0.10) 0.03 (-0.03, 0.09) 0.02 (-0.01, 0.05) 0.03 (-0.02, 0.09) 

IDL triglycerides 0.12 (-0.44, 0.67) 0.13 (-0.40, 0.65) 0.23 (-0.27, 0.72) -0.26 (-0.78, 0.26) 0.01 (-0.18, 0.19) -0.09 (-0.42, 0.25) 

HDL diameter -0.01 (-0.05, 0.03) 0.02 (-0.02, 0.06) 0.03 (-0.01, 0.06) 0.02 (-0.01, 0.06) 0.02 (-0.00, 0.04) 0.05 (0.01, 0.09) 

vL HDL lipids -0.01 (-0.06, 0.03) 0.02 (-0.02, 0.06) 0.03 (-0.01, 0.07) 0.02 (-0.02, 0.06) 0.02 (-0.00, 0.04) 0.05 (0.01, 0.09) 

L HDL lipids 0.00 (-0.03, 0.03) 0.02 (-0.01, 0.05) 0.03 (-0.00, 0.05) 0.03 (-0.00, 0.05) 0.02 (0.00, 0.03) 0.04 (0.01, 0.06) 

M HDL lipids 0.05 (-0.01, 0.11) 0.04 (-0.02, 0.10) 0.02 (-0.04, 0.08) 0.04 (-0.02, 0.10) 0.02 (-0.01, 0.05) 0.04 (-0.01, 0.09) 

S HDL lipids 0.09 (0.02, 0.16) 0.05 (-0.02, 0.12) 0.01 (-0.05, 0.08) 0.03 (-0.03, 0.10) 0.02 (-0.02, 0.05) 0.01 (-0.05, 0.07) 

HDL1 cholesterol 0.01 (-0.02, 0.04) 0.02 (-0.01, 0.05) 0.03 (-0.00, 0.06) 0.03 (-0.00, 0.06) 0.02 (0.01, 0.03) 0.04 (0.01, 0.07) 

HDL2 cholesterol 0.01 (-0.02, 0.04) 0.02 (-0.01, 0.06) 0.03 (-0.00, 0.06) 0.03 (-0.00, 0.06) 0.02 (0.01, 0.04) 0.04 (0.01, 0.07) 

HDL3 cholesterol 0.03 (-0.33, 0.38) 0.19 (-0.15, 0.52) 0.28 (-0.04, 0.60) 0.12 (-0.21, 0.45) 0.23 (0.07, 0.38) 0.34 (0.06, 0.62) 

HDL triglycerides -0.10 (-0.39, 0.19) -0.17 (-0.44, 0.10) -0.09 (-0.35, 0.17) -0.48 (-0.75, -0.21) -0.01 (-0.14, 0.11) -0.08 (-0.30, 0.15) 
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Total fatty acids -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.00) 0.00 (-0.00, 0.00) -0.01 (-0.01, -0.00) -0.00 (-0.00, 0.00) -0.00 (-0.01, 0.00) 

Saturated fatty acids -0.01 (-0.02, 0.01) -0.01 (-0.02, 0.00) -0.00 (-0.01, 0.01) -0.02 (-0.03, -0.01) -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.01) 

Saturated:total FAs -0.01 (-0.01, -0.00) -0.00 (-0.01, 0.00) -0.00 (-0.00, 0.00) -0.00 (-0.01, 0.00) -0.00 (-0.00, 0.00) -0.00 (-0.01, 0.00) 

Degree of unsaturation 0.10 (-0.04, 0.24) 0.14 (0.01, 0.27) 0.14 (0.01, 0.27) 0.26 (0.13, 0.39) 0.15 (0.07, 0.23) 0.23 (0.09, 0.38) 

Monounsaturated fatty acids -0.00 (-0.02, 0.01) -0.01 (-0.03, -0.00) -0.01 (-0.02, 0.01) -0.03 (-0.04, -0.01) -0.00 (-0.01, 0.00) -0.01 (-0.02, 0.00) 

Monounsaturated:total FAs -0.00 (-0.01, 0.00) -0.00 (-0.01, -0.00) -0.00 (-0.01, -0.00) -0.01 (-0.01, -0.00) -0.00 (-0.00, -0.00) -0.01 (-0.01, -0.00) 

Polyunsaturated fatty acids 0.01 (-0.01, 0.02) 0.00 (-0.01, 0.02) 0.01 (-0.00, 0.02) -0.00 (-0.02, 0.01) 0.00 (-0.00, 0.01) 0.01 (-0.01, 0.02) 

Polyunsaturated:total FAs 0.00 (-0.00, 0.01) 0.00 (0.00, 0.01) 0.00 (-0.00, 0.00) 0.00 (0.00, 0.01) 0.00 (0.00, 0.00) 0.00 (0.00, 0.01) 

Omega3 fatty acids 0.07 (-0.03, 0.17) 0.06 (-0.04, 0.15) 0.10 (0.01, 0.18) 0.01 (-0.08, 0.10) 0.04 (0.00, 0.08) 0.05 (-0.03, 0.12) 

Omega3:total FAs 0.01 (-0.00, 0.03) 0.02 (0.00, 0.03) 0.02 (0.01, 0.03) 0.02 (0.01, 0.03) 0.01 (0.01, 0.02) 0.02 (0.01, 0.03) 

22:6, docosahexaenoic acid 0.16 (-0.13, 0.46) 0.23 (-0.05, 0.50) 0.35 (0.09, 0.60) 0.25 (-0.02, 0.53) 0.18 (0.05, 0.30) 0.16 (-0.06, 0.38) 
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Docosahexaenoic:total FAs 0.02 (-0.02, 0.05) 0.03 (0.00, 0.07) 0.04 (0.01, 0.07) 0.05 (0.02, 0.08) 0.03 (0.02, 0.05) 0.04 (0.01, 0.07) 

Omega6 fatty acids 0.01 (-0.01, 0.03) 0.00 (-0.01, 0.02) 0.01 (-0.01, 0.02) -0.01 (-0.02, 0.01) 0.00 (-0.00, 0.01) 0.01 (-0.01, 0.02) 

Omega6:total FAs 0.00 (-0.00, 0.01) 0.00 (0.00, 0.01) 0.00 (-0.00, 0.00) 0.00 (0.00, 0.01) 0.00 (-0.00, 0.00) 0.00 (0.00, 0.01) 

18:2, linoleic acid 0.01 (-0.01, 0.03) 0.00 (-0.01, 0.02) 0.00 (-0.01, 0.02) -0.01 (-0.02, 0.01) 0.00 (-0.01, 0.01) 0.01 (-0.01, 0.02) 

Linoleic:total FAs 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (-0.00, 0.00) 0.00 (0.00, 0.01) 0.00 (-0.00, 0.00) 0.00 (0.00, 0.01) 

Total cholines -0.00 (-0.03, 0.03) -0.01 (-0.04, 0.02) 0.02 (-0.01, 0.05) -0.01 (-0.04, 0.02) 0.02 (0.00, 0.03) 0.02 (-0.00, 0.05) 

Phosphatidylcholine -0.01 (-0.04, 0.03) -0.02 (-0.05, 0.02) 0.01 (-0.02, 0.04) -0.02 (-0.05, 0.01) 0.01 (-0.00, 0.03) 0.02 (-0.01, 0.05) 

Sphingomyelins 0.06 (-0.07, 0.19) 0.07 (-0.06, 0.19) 0.13 (0.01, 0.25) 0.09 (-0.04, 0.21) 0.05 (-0.01, 0.11) 0.10 (-0.01, 0.22) 

O
th

er
 

ApoA1 0.01 (-0.04, 0.07) 0.02 (-0.03, 0.07) 0.04 (-0.01, 0.09) 0.02 (-0.04, 0.07) 0.03 (0.01, 0.06) 0.05 (0.01, 0.10) 

ApoB -0.00 (-0.07, 0.06) -0.03 (-0.09, 0.03) 0.00 (-0.05, 0.06) -0.06 (-0.12, -0.00) -0.00 (-0.03, 0.02) -0.02 (-0.07, 0.02) 

ApoB:ApoA1 -0.02 (-0.11, 0.07) -0.06 (-0.15, 0.02) -0.03 (-0.11, 0.05) -0.11 (-0.19, -0.02) -0.03 (-0.07, 0.01) -0.08 (-0.15, -0.01) 

Pyruvate -0.27 (-0.61, 0.08) -0.47 (-0.80, -0.15) -0.24 (-0.55, 0.07) -0.32 (-0.65, 0.00) -0.16 (-0.32, 0.00) -0.25 (-0.54, 0.04) 

Citrate 0.10 (-0.37, 0.58) 0.11 (-0.34, 0.56) 0.18 (-0.24, 0.60) 0.21 (-0.24, 0.65) -0.10 (-0.39, 0.20) 0.03 (-0.51, 0.57) 

Glycerol 0.32 (-0.21, 0.85) 0.19 (-0.32, 0.69) 0.26 (-0.22, 0.75) -0.06 (-0.54, 0.41) -0.12 (-0.51, 0.28) -0.31 (-1.02, 0.40) 

Acetate 1.11 (-0.41, 2.63) 0.11 (-1.33, 1.55) 0.55 (-0.80, 1.90) 1.04 (-0.38, 2.46) -0.12 (-0.25, 0.01) -0.25 (-0.48, -0.02) 

Acetoacetate 0.05 (-0.40, 0.49) 0.35 (-0.07, 0.77) 0.14 (-0.26, 0.53) 0.19 (-0.23, 0.60) -0.04 (-0.28, 0.19) -0.30 (-0.73, 0.13) 

3hydroxybutyrate 0.03 (-0.07, 0.12) 0.07 (-0.02, 0.16) 0.05 (-0.03, 0.13) 0.07 (-0.02, 0.15) -0.03 (-0.09, 0.02) -0.09 (-0.20, 0.01) 

Alanine -0.10 (-0.24, 0.04) -0.19 (-0.32, -0.06) -0.04 (-0.17, 0.08) -0.13 (-0.27, -0.00) 0.03 (-0.06, 0.11) 0.06 (-0.09, 0.20) 

Glycine -0.18 (-0.44, 0.08) -0.27 (-0.51, -0.02) -0.15 (-0.39, 0.08) -0.29 (-0.53, -0.05) 0.00 (-0.08, 0.09) -0.06 (-0.21, 0.09) 

Isoleucine -0.12 (-0.58, 0.35) -0.56 (-1.00, -0.12) -0.22 (-0.64, 0.19) -0.54 (-0.98, -0.11) -0.10 (-0.36, 0.16) -0.17 (-0.63, 0.29) 

Leucine -0.02 (-0.48, 0.44) -0.39 (-0.83, 0.04) -0.06 (-0.47, 0.35) -0.42 (-0.85, 0.01) 0.00 (-0.23, 0.24) 0.01 (-0.41, 0.44) 

Valine 0.08 (-0.15, 0.32) -0.15 (-0.37, 0.08) 0.03 (-0.18, 0.24) -0.04 (-0.26, 0.18) 0.07 (-0.06, 0.19) 0.13 (-0.09, 0.36) 

Glutamine 0.09 (-0.07, 0.26) 0.05 (-0.11, 0.20) 0.05 (-0.10, 0.20) 0.03 (-0.12, 0.18) 0.01 (-0.06, 0.09) -0.01 (-0.15, 0.13) 

Histidine 0.11 (-0.90, 1.13) -0.56 (-1.51, 0.40) 0.06 (-0.84, 0.97) 0.03 (-0.91, 0.98) 0.36 (-0.20, 0.92) 0.39 (-0.62, 1.39) 

Phenylalanine -1.16 (-2.11, -0.20) -1.52 (-2.42, -0.62) -0.54 (-1.39, 0.30) -1.03 (-1.92, -0.13) 0.02 (-0.49, 0.52) 0.10 (-0.82, 1.01) 
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Tyrosine -0.43 (-1.03, 0.16) -0.91 (-1.47, -0.35) -0.34 (-0.87, 0.19) -0.56 (-1.12, -0.01) 0.16 (-0.19, 0.50) 0.28 (-0.35, 0.90) 

Creatinine 0.65 (-0.62, 1.92) 0.63 (-0.57, 1.83) 0.67 (-0.46, 1.79) 0.88 (-0.30, 2.06) 0.42 (-0.13, 0.96) 0.69 (-0.30, 1.67) 

Albumin 0.99 (-0.80, 2.78) 0.80 (-0.89, 2.49) 1.47 (-0.11, 3.05) 1.56 (-0.11, 3.22) 0.43 (-0.54, 1.40) -0.27 (-2.04, 1.50) 

GlycA 0.01 (-0.03, 0.06) -0.04 (-0.08, 0.01) -0.00 (-0.05, 0.04) -0.07 (-0.11, -0.02) -0.01 (-0.04, 0.01) -0.05 (-0.09, -0.01) 

xL, extra large; vL, very large; L, large; M, medium; S, small; vS, very small; VLDL, very low density lipoproteins; LDL, low density lipoproteins; IDL, intermediate density lipoproteins; 1 

HDL, high density lipoproteins; FAs, fatty acids; ApoA1, Apolipoprotein A1; ApoB, Apolipoprotein B; GlycA, Glyprotein acetyls.  2 

 3 

  4 



Lange: Metabolic profiles of mental health 

46 of 46 

 

References  1 

Furber G and Segal L (2015) The validity of the Child Health Utility instrument (CHU9D) as a routine outcome measure for use in child and 2 

adolescent mental health services. Health Qual Life Out 13(1): 22-35. 3 

Huebner ES, Seligson JL, Valois RF, et al. (2006) A review of the brief multidimensional students’ life satisfaction scale. Soc Indic Res 79: 477–4 

484. 5 

Nicholson JM and Rempel LA (2004) Australian and New Zealand birth cohort studies: breadth, quality and contributions. J Paediatr Child 6 

Health 40(3): 87-95. 7 

Ogden CL, Kuczmarski RJ, Flegal KM, et al. (2002) Centers for Disease Control and Prevention 2000 growth charts for the United States: 8 

improvements to the 1977 National Center for Health Statistics version. Pediatrics 109(1): 45-60. 9 

Ratcliffe J, Huynh E, Chen G, et al. (2016) Valuing the Child Health Utility 9D: using profile case best worst scaling methods to develop a new 10 

adolescent specific scoring algorithm. Soc Sci Med 157: 48-59. 11 

Richardson J, Iezzi A, Khan MA, et al. (2014) Validity and reliability of the Assessment of Quality of Life (AQoL)-8D multi-attribute utility 12 

instrument. Patient 7(1): 85-96. 13 

Seligson JL, Huebner ES and Valois RF (2003) Preliminary validation of the Brief Multidimensional Students' Life Satisfaction Scale 14 

(BMSLSS). Soc Indic Res 61(2): 121-145. 15 

Stevens K (2011) Assessing the performance of a new generic measure of health-related quality of life for children and refining it for use in 16 

health state valuation. Appl Health Econ Health Policy 9(3): 157-169. 17 

Varni JW, Burwinkle TM and Seid M (2006) The PedsQL 4.0 as a school population health measure: feasibility, reliability, and validity. Quality 18 

of Life Research 15(2): 203-215. 19 

Varni JW, Seid M and Kurtin PS (2001) PedsQL 4.0: reliability and validity of the Pediatric Quality of Life Inventory version 4.0 generic core 20 

scales in healthy and patient populations. Med Care 39(8): 800-812. 21 

 22 


