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Figure S1 Distribution of the continuous outcome variable „Change in body mass index standard 
deviation score (BMI-SDS) during the intervention“ (Δ BMI-SDS). (a) Histogram. (b) Normal 
quantile-quantile plot. The distribution is not normal according to Shapiro-Wilk test 
(p-value = 0.0019).



Data set

Outer training set

Split randomly into kouter = 10 subsets:

Test 
set1. Outer CV step:

Split randomly into kinner = 8 subsets:

Inner training set
Test 
set1. Inner CV step:

Inner CV: Parameter tuning

In each inner CV step: 

Do with a grid of 100 different values of the tuning
parameter λ:

• Fit LASSO model to inner training set

• Predict outcome for inner test set using this model

 Predicted ොሺλ௝ሻݕ for whole outer training set

Parameter tuning:

Calculate CV error (Mean squared error of prediction): 

MSEP‘ = 
ଵ

௡ᇱ
∑ ሺݕ௜െݕො௜ሻଶ
௡ᇱ
௜ୀଵ

 Optimal tuning parameter that minimizes the CV error
in this CV loop:		λ∗௞೚ೠ೟೐ೝ ൌ min݃ݎܽ

λೕ
ሺMSEPሻ 
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set
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…
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2. Inner CV step:

3. Inner CV step:

8. Inner CV step:

Outer training set Test 
set

2. Outer CV step:

Outer training setTest 
set10. Outer CV step:

…

Outer CV: Prediction accuracy and final model

In each outer CV step: 

• Fit LASSO model to outer training set using
respective λ∗௞೚ೠ೟೐ೝ obtained from inner CV

• Predict outcome for outer test set using this model

 Predicted ොݕ for whole data set

Measures of prediction accuracy:

MSEP = 
ଵ

௡
∑ ሺݕ௜െݕො௜ሻଶ
௡
௜ୀଵ

Q2 = 1 -
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೔
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…
…

Outer training set Test 
set

3. Outer CV step:

…

Randomly repeat outer CV loop ktimes = 10 times:

Final measures

• Final λopt: most frequently chosen λ*

• Final coefficients: obtained by fitting LASSO model
to whole data set using λopt as tuning parameter

• Variable stability: frequency with which a variable 
has been selected in the 10 x 10 outer CV steps

• Average measures of prediction accuracy

Permutation test to assess significance

Do for 1,…,10000:

• Draw a random permutation of the outcome vector y

• Repeat the complete repeated nested CV procedure
described above

 Permutation p-values for measures of prediction accuracy:

p-value = 
ଵ

ଵ଴,଴଴଴
# ܧܵܯ ௣ܲ௘௥௠ ൒ ܲܧܵܯ , analogously for Q2

Figure S2 Repeated nested cross-validation and permutation scheme. CV, cross-validation; MSEP, mean 
squared error of prediction



Figure S3 Boxplots of (a) age and (b) BMI-SDS before the intervention in children with and
without substantial weight loss during intervention. Kolmogorov-Smirnov test p-values are
shown. Age and BMI-SDS distribution did not differ significantly between children with and 
without substantial weight loss 

6
8

10
12

14
16

a   Age

Substantial BMI−SDS reduction

A
ge

 [y
ea

rs
]

With Without

p = 0.759

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

b   BMI−SDS

Substantial BMI−SDS reduction

B
M

I−
S

D
S

With Without

p = 0.919



Variable

Change during intervention a p-value b Change during intervention a p-value b

Waist circumference (cm) -4.0 (-73.0, 15.5) 5.8E-03 3.0 (-13.0, 22.0) 3.9E-02
Fasting serum insulin (mU/l) -3.7 (-29.9, 21.1) 2.2E-04 2.1 (-29.3, 52.7) 1.6E-01
Fasting glucose (mg/dl) 2.0 (-15.0, 189.0) 4.5E-01 2.5 (-21.0, 20.0) 3.1E-01
HOMA-IR (mU/l x mmol/l) -0.9 (-6.1, 27.7) 4.8E-04 0.7 (-5.4, 14.1) 1.5E-01
Total cholesterol (mg/dl) -6.0 (-59.0, 40.0) 6.6E-02 -8.0 (-35.0, 56.0) 1.2E-01
LDL cholesterol (mg/dl) -3.0 (-58.0, 73.0) 1.1E-01 -3.0 (-46.0, 57.0) 1.3E-01
HDL cholesterol (mg/dl) 3.2 (-12.4, 32.2) 4.8E-02 -3.3 (-18.1, 44.5) 3.4E-02
Triglycerides (mg/dl) -21.0 (-93.0, 44.0) 5.3E-03 7.0 (-232.0, 122.0) 3.0E-01
Systolic blood pressure (mmHg) -5.5 (-61.0, 60.0) 2.3E-03 -5.0 (-41.0, 55.0) 9.7E-03
Diastolic blood pressure (mmHg) 0.0 (-35.0, 10.0) 8.9E-02 0.0 (-41.0, 25.0) 5.3E-01

Children with substantial weight loss (n = 40) Children without substantial weight loss (n = 40)

Table S1 Anthropometric and clinical traits at baseline and at the end of the 1-year lifestyle intervention

aMedian (range). bP-values were derived from Wilcoxon signed-rank test. “With substantial BMI-SDS reduction” was defined as BMI-SDS reduction ≥ 
0.5, “without substantial BMI-SDS reduction” as BMI-SDS reduction < 0.1. BMI-SDS, body mass index standard deviation score; HDL, high density 
lipoprotein; HOMA-IR, homeostatic model assessment of insulin resistance; LDL, low density lipoprotein



Pre-intervention variable

Children with 
substantial 
overweight 
reduction

Children without 
substantial 
overweight 
reduction

OR (95% CI) p-value p-value (corr.) β coefficient (95% CI) p-value permutation p-
value

permutation 
p-value 
(corr.)

Age (years) 10.9 (2.3) 10.9 (2.0) 1.09 (0.61, 1.95) 7.7E-01 8.4E-01 0.0284 (-0.0994, 0.1562) 6.6E-01 6.7E-01 7.5E-01
Sex (% male) 50 55 1.37 (0.51, 3.77) 5.3E-01 6.7E-01 0.0567 (-0.1640, 0.2773) 6.1E-01 6.1E-01 7.0E-01
Pubertal stage (% prepubertal) 52.5 50 0.73 (0.21, 2.43) 6.1E-01 7.1E-01 0.0160 (-0.2510, 0.2830) 9.1E-01 9.1E-01 9.3E-01
BMI-SDS 2.35 (0.43) 2.37 (0.45) 0.99 (0.62, 1.57) 9.6E-01 9.8E-01 0.0359 (-0.0663, 0.1381) 4.9E-01 4.9E-01 5.9E-01
Waist circumference (cm) 83.8 (10.5) 92.4 (12.7) 0.22 (0.07, 0.53) 2.2E-03 8.3E-02 0.2316 (0.0699, 0.3932) 5.8E-03 4.8E-03 4.2E-02
Total cholesterol (mg/dl) 167.8 (26.1) 177.9 (30.0) 0.68 (0.41, 1.07) 1.1E-01 2.6E-01 0.0545 (-0.0458, 0.1548) 2.8E-01 2.9E-01 4.2E-01
HDL cholesterol (mg/dl) 53.7 (11.4) 52.0 (11.6) 1.16 (0.73, 1.89) 5.3E-01 6.7E-01 0.0053 (-0.0997, 0.1104) 9.2E-01 9.2E-01 9.4E-01
LDL cholesterol (mg/dl) 96.2 (27.7) 104.0 (27.5) 0.74 (0.46, 1.18) 2.1E-01 3.9E-01 0.0347 (-0.0676, 0.1371) 5.0E-01 5.0E-01 6.1E-01
Triglycerides (mg/dl) 88.0 (38.4) 123.2 (72.7) 0.40 (0.19, 0.75) 9.5E-03 8.3E-02 0.1182 (0.0164, 0.2201) 2.3E-02 2.2E-02 7.5E-02
Insulin (mU/l) 16.6 (11.4) 20.5 (16.2) 0.58 (0.28, 1.08) 1.1E-01 2.6E-01 0.0642 (-0.0675, 0.1958) 3.3E-01 3.4E-01 4.7E-01
Glucose (mg/dl) 83.1 (7.2) 86.1 (7.5) 0.64 (0.38, 1.03) 7.6E-02 2.2E-01 0.0951 (-0.0062, 0.1965) 6.5E-02 6.5E-02 1.7E-01
HOMA-IR (mU/l*mmol/l) 3.39 (2.37) 4.33 (3.31) 0.52 (0.25, 0.98) 5.5E-02 2.0E-01 0.0872 (-0.0456, 0.2200) 1.9E-01 2.0E-01 3.4E-01
Systolic blood pressure (mmHg) 117.6 (18.2) 118.3 (14.0) 0.96 (0.58, 1.59) 8.8E-01 9.3E-01 0.0330 (-0.0777, 0.1437) 5.5E-01 5.5E-01 6.5E-01
Diastolic blood pressure (mmHg) 68.0 (11.7) 67.7 (10.5) 1.02 (0.62, 1.67) 9.5E-01 9.8E-01 0.0202 (-0.0904, 0.1308) 7.2E-01 7.2E-01 8.0E-01
C0 34.0 (8.8) 36.2 (8.1) 0.74 (0.45, 1.19) 2.3E-01 4.0E-01 0.0754 (-0.0264, 0.1772) 1.4E-01 1.5E-01 2.9E-01
C10 0.230 (0.067) 0.259 (0.113) 0.72 (0.42, 1.15) 1.9E-01 3.8E-01 0.0549 (-0.0445, 0.1543) 2.7E-01 2.8E-01 4.2E-01
C10:1 0.151 (0.045) 0.156 (0.049) 0.90 (0.57, 1.40) 6.4E-01 7.3E-01 0.0150 (-0.0844, 0.1144) 7.6E-01 7.7E-01 8.3E-01
C10:2 0.042 (0.011) 0.045 (0.010) 0.73 (0.43, 1.16) 2.0E-01 3.8E-01 0.0172 (-0.0837, 0.1181) 7.4E-01 7.4E-01 8.2E-01
C12 0.080 (0.025) 0.086 (0.038) 0.83 (0.50, 1.31) 4.5E-01 6.0E-01 0.0315 (-0.0683, 0.1313) 5.3E-01 5.3E-01 6.4E-01
C12:1 0.130 (0.040) 0.131 (0.046) 1.00 (0.63, 1.59) 9.9E-01 9.9E-01 -0.0001 (-0.1008, 0.1007) 1.0E+00 1.0E+00 1.0E+00
C14 0.043 (0.015) 0.047 (0.018) 0.76 (0.46, 1.20) 2.5E-01 4.2E-01 0.0471 (-0.0528, 0.1470) 3.5E-01 3.4E-01 4.7E-01
C14:1 0.122 (0.042) 0.131 (0.048) 0.81 (0.50, 1.28) 3.8E-01 5.4E-01 0.0523 (-0.0469, 0.1516) 3.0E-01 3.0E-01 4.3E-01
C14:1-OH 0.013 (0.004) 0.013 (0.004) 1.19 (0.76, 1.90) 4.6E-01 6.0E-01 -0.0137 (-0.1150, 0.0876) 7.9E-01 7.9E-01 8.3E-01
C14:2 0.030 (0.014) 0.032 (0.013) 0.87 (0.55, 1.37) 5.5E-01 6.7E-01 0.0214 (-0.0794, 0.1223) 6.7E-01 6.7E-01 7.6E-01
C16 0.096 (0.032) 0.101 (0.026) 0.86 (0.54, 1.35) 5.1E-01 6.5E-01 0.0625 (-0.0372, 0.1622) 2.2E-01 2.2E-01 3.6E-01
C16:1 0.041 (0.012) 0.044 (0.013) 0.81 (0.49, 1.27) 3.7E-01 5.4E-01 0.0541 (-0.0458, 0.1540) 2.8E-01 2.9E-01 4.2E-01
C18 0.036 (0.012) 0.040 (0.013) 0.73 (0.45, 1.14) 1.8E-01 3.7E-01 0.0879 (-0.0097, 0.1856) 7.7E-02 7.7E-02 1.9E-01
C18:1 0.107 (0.038) 0.111 (0.039) 0.90 (0.56, 1.42) 6.5E-01 7.3E-01 0.0430 (-0.0571, 0.1430) 3.9E-01 4.0E-01 5.2E-01
C18:2 0.042 (0.016) 0.043 (0.016) 0.94 (0.60, 1.48) 8.0E-01 8.6E-01 0.0178 (-0.0829, 0.1186) 7.3E-01 7.2E-01 8.0E-01
C2 6.82 (3.64) 6.79 (2.28) 1.01 (0.63, 1.63) 9.5E-01 9.8E-01 0.0140 (-0.0884, 0.1163) 7.9E-01 7.9E-01 8.3E-01
C3 0.331 (0.124) 0.384 (0.122) 0.62 (0.36, 1.01) 6.6E-02 2.1E-01 0.1117 (0.0097, 0.2138) 3.2E-02 3.0E-02 9.3E-02
C3-DC-M / C5-OH 0.024 (0.009) 0.023 (0.007) 1.08 (0.68, 1.74) 7.5E-01 8.3E-01 0.0141 (-0.0877, 0.1159) 7.8E-01 7.8E-01 8.3E-01
C4 0.069 (0.047) 0.078 (0.035) 0.79 (0.45, 1.26) 3.5E-01 5.2E-01 0.0328 (-0.0700, 0.1356) 5.3E-01 5.3E-01 6.4E-01
C4:1-DC / C6 0.051 (0.016) 0.058 (0.025) 0.67 (0.39, 1.08) 1.3E-01 2.9E-01 0.0584 (-0.0426, 0.1594) 2.5E-01 2.5E-01 3.9E-01
C5 0.089 (0.041) 0.096 (0.031) 0.79 (0.47, 1.27) 3.5E-01 5.2E-01 0.0508 (-0.0529, 0.1545) 3.3E-01 3.5E-01 4.7E-01
C7-DC 0.034 (0.012) 0.033 (0.011) 1.13 (0.72, 1.81) 5.9E-01 6.9E-01 -0.0097 (-0.1111, 0.0918) 8.5E-01 8.4E-01 8.7E-01
C8 0.140 (0.033) 0.160 (0.069) 0.66 (0.36, 1.08) 1.3E-01 3.0E-01 0.0649 (-0.0347, 0.1646) 2.0E-01 2.0E-01 3.4E-01
C8:1 0.100 (0.050) 0.123 (0.070) 0.68 (0.40, 1.07) 1.1E-01 2.7E-01 0.1044 (0.0075, 0.2014) 3.5E-02 3.6E-02 1.1E-01
C9 0.030 (0.009) 0.033 (0.012) 0.79 (0.48, 1.26) 3.4E-01 5.2E-01 0.0707 (-0.0293, 0.1707) 1.6E-01 1.7E-01 3.0E-01
Arginine 108.0 (21.6) 117.9 (20.1) 0.57 (0.33, 0.93) 3.3E-02 1.5E-01 0.1376 (0.0420, 0.2333) 5.4E-03 5.2E-03 4.2E-02
Glutamine 497.6 (113.7) 521.3 (116.3) 0.79 (0.49, 1.24) 3.0E-01 4.8E-01 0.0835 (-0.0155, 0.1825) 9.7E-02 9.8E-02 2.2E-01
Glycine 229.8 (50.7) 238.0 (45.5) 0.81 (0.51, 1.28) 3.8E-01 5.4E-01 0.0802 (-0.0191, 0.1795) 1.1E-01 1.1E-01 2.4E-01
Histidine 86.0 (21.4) 90.7 (18.4) 0.75 (0.46, 1.19) 2.4E-01 4.2E-01 0.0922 (-0.0072, 0.1917) 6.8E-02 6.8E-02 1.8E-01
Methionine 25.6 (5.4) 29.5 (7.5) 0.49 (0.27, 0.81) 1.0E-02 8.3E-02 0.1196 (0.0223, 0.2170) 1.7E-02 1.7E-02 7.2E-02
Ornithine 55.2 (15.4) 60.2 (18.2) 0.71 (0.43, 1.13) 1.6E-01 3.3E-01 0.0596 (-0.0413, 0.1605) 2.4E-01 2.4E-01 3.8E-01
Phenylalanine 60.3 (16.8) 66.5 (14.6) 0.64 (0.39, 1.02) 7.3E-02 2.2E-01 0.1170 (0.0204, 0.2137) 1.8E-02 2.0E-02 7.2E-02
Proline 164.6 (49.5) 197.2 (71.5) 0.55 (0.31, 0.90) 2.6E-02 1.3E-01 0.0730 (-0.0284, 0.1745) 1.6E-01 1.5E-01 3.0E-01
Serine 92.4 (29.9) 103.3 (28.3) 0.64 (0.39, 1.02) 6.9E-02 2.1E-01 0.1168 (0.0176, 0.2160) 2.2E-02 2.0E-02 7.2E-02
Threonine 73.8 (29.5) 84.5 (28.8) 0.66 (0.40, 1.04) 8.4E-02 2.2E-01 0.0776 (-0.0218, 0.1770) 1.2E-01 1.2E-01 2.6E-01
Tryptophan 76.2 (15.4) 84.6 (16.7) 0.54 (0.30, 0.88) 2.1E-02 1.1E-01 0.1202 (0.0223, 0.2180) 1.7E-02 1.6E-02 7.2E-02
Tyrosine 82.5 (21.1) 91.7 (19.9) 0.59 (0.34, 0.95) 4.0E-02 1.7E-01 0.1199 (0.0215, 0.2183) 1.8E-02 1.8E-02 7.2E-02
Valine 247.7 (72.7) 278.1 (62.4) 0.60 (0.35, 0.96) 4.4E-02 1.8E-01 0.0930 (-0.0064, 0.1923) 6.6E-02 6.9E-02 1.8E-01
xLeucine 191.1 (50.7) 217.9 (50.9) 0.53 (0.30, 0.87) 1.8E-02 1.0E-01 0.1147 (0.0139, 0.2154) 2.6E-02 2.8E-02 8.8E-02
PC aa C28:1 2.33 (0.67) 2.57 (0.67) 0.66 (0.40, 1.04) 8.1E-02 2.2E-01 0.1187 (0.0218, 0.2155) 1.7E-02 1.8E-02 7.2E-02
PC aa C30:0 3.17 (1.32) 3.77 (1.18) 0.58 (0.34, 0.94) 3.5E-02 1.5E-01 0.1154 (0.0186, 0.2121) 2.0E-02 1.9E-02 7.2E-02
PC aa C32:0 10.6 (2.7) 12.5 (3.2) 0.49 (0.28, 0.81) 8.2E-03 8.3E-02 0.1281 (0.0323, 0.2239) 9.5E-03 9.0E-03 6.2E-02
PC aa C32:1 13.8 (6.4) 18.3 (7.6) 0.46 (0.25, 0.77) 5.5E-03 8.3E-02 0.1413 (0.0434, 0.2392) 5.2E-03 3.9E-03 4.2E-02
PC aa C32:2 3.02 (1.66) 3.99 (1.62) 0.50 (0.28, 0.83) 1.1E-02 8.3E-02 0.1251 (0.0278, 0.2224) 1.2E-02 1.2E-02 7.1E-02
PC aa C32:3 0.446 (0.145) 0.506 (0.154) 0.63 (0.37, 1.02) 7.2E-02 2.2E-01 0.1172 (0.0205, 0.2139) 1.8E-02 1.7E-02 7.2E-02
PC aa C34:1 170.6 (49.9) 208.6 (57.9) 0.45 (0.25, 0.74) 3.4E-03 8.3E-02 0.1613 (0.0680, 0.2546) 9.4E-04 1.0E-03 3.3E-02
PC aa C34:2 293.9 (67.9) 342.3 (95.3) 0.50 (0.28, 0.83) 1.2E-02 8.5E-02 0.1353 (0.0393, 0.2313) 6.4E-03 5.3E-03 4.2E-02
PC aa C34:3 13.2 (4.8) 16.1 (4.7) 0.50 (0.30, 0.82) 7.9E-03 8.3E-02 0.1494 (0.0540, 0.2447) 2.6E-03 2.6E-03 3.7E-02
PC aa C34:4 1.40 (0.61) 1.74 (0.59) 0.52 (0.30, 0.85) 1.3E-02 8.8E-02 0.1320 (0.0362, 0.2279) 7.6E-03 7.4E-03 5.3E-02
PC aa C36:0 2.16 (0.80) 2.35 (0.77) 0.77 (0.47, 1.21) 2.7E-01 4.4E-01 0.0558 (-0.0444, 0.1559) 2.7E-01 2.7E-01 4.1E-01
PC aa C36:1 38.8 (13.3) 47.7 (15.4) 0.48 (0.27, 0.80) 7.9E-03 8.3E-02 0.1557 (0.0612, 0.2501) 1.6E-03 1.2E-03 3.3E-02
PC aa C36:2 192.7 (50.0) 233.6 (68.4) 0.44 (0.23, 0.75) 5.6E-03 8.3E-02 0.1468 (0.0521, 0.2416) 2.8E-03 2.9E-03 3.8E-02
PC aa C36:3 108.5 (32.8) 132.1 (39.6) 0.47 (0.26, 0.78) 6.8E-03 8.3E-02 0.1398 (0.0440, 0.2356) 4.8E-03 3.6E-03 4.2E-02
PC aa C36:4 138.6 (39.6) 159.1 (43.5) 0.58 (0.33, 0.94) 3.9E-02 1.6E-01 0.1172 (0.0212, 0.2133) 1.7E-02 1.8E-02 7.2E-02
PC aa C36:5 13.5 (6.1) 17.9 (7.9) 0.47 (0.26, 0.79) 7.8E-03 8.3E-02 0.1830 (0.0917, 0.2742) 1.5E-04 1.0E-04 1.4E-02
PC aa C36:6 0.574 (0.243) 0.725 (0.281) 0.50 (0.28, 0.83) 1.0E-02 8.3E-02 0.1501 (0.0549, 0.2454) 2.4E-03 2.1E-03 3.7E-02

Association with substantial BMI-SDS reduction Association with Δ BMI-SDS

Table S2 Results of univariate regression analyses. 144 baseline metabolites, anthropometric and clinical traits were subjected to logistic regression with the outcome "Substantial BMI-SDS reduction" (body mass index standard deviation 
score (BMI-SDS) reduction during the intervention ≥ 0.5 vs. < 0.1), adjusted for sex and baseline age, pubertal stage and BMI-SDS. Mean (standard deviation) of baseline values in the two groups of children are shown in columns 2 and 
3; Odds Ratio (OR) with 95% Confidence Interval (CI), p-value and Benjamini-Hochberg-corrected p-value are reported in columns 4-6. Similarly, linear regression models were fit with the continuous outcome "Change in BMI-SDS 
during the intervention" (Δ BMI-SDS). β coefficient with 95% CI, Wald test-derived p-value, permutation-based p-value and Benjamini-Hochberg-corrected permutation-based p-value are reported in columns 7-10. Associations with 
corrected p-value < 0.05 were regarded as significant.

Baseline value*



PC aa C38:0 2.39 (0.94) 2.48 (0.81) 0.88 (0.54, 1.39) 5.8E-01 6.9E-01 0.0541 (-0.0475, 0.1556) 2.9E-01 2.9E-01 4.3E-01
PC aa C38:3 43.5 (14.2) 56.1 (19.7) 0.39 (0.20, 0.70) 3.1E-03 8.3E-02 0.1510 (0.0565, 0.2455) 2.1E-03 1.5E-03 3.3E-02
PC aa C38:4 88.0 (28.5) 103.8 (31.3) 0.54 (0.30, 0.90) 2.8E-02 1.3E-01 0.1232 (0.0274, 0.2191) 1.2E-02 1.2E-02 7.1E-02
PC aa C38:5 39.8 (13.1) 48.5 (15.2) 0.49 (0.27, 0.81) 1.0E-02 8.3E-02 0.1582 (0.0656, 0.2509) 1.1E-03 9.0E-04 3.3E-02
PC aa C38:6 51.9 (20.0) 60.5 (21.7) 0.61 (0.35, 1.00) 6.8E-02 2.1E-01 0.1145 (0.0184, 0.2106) 2.0E-02 2.0E-02 7.2E-02
PC aa C40:2 0.296 (0.142) 0.297 (0.119) 0.99 (0.63, 1.55) 9.6E-01 9.8E-01 0.0130 (-0.0862, 0.1123) 7.9E-01 7.9E-01 8.3E-01
PC aa C40:3 0.504 (0.170) 0.545 (0.161) 0.76 (0.46, 1.19) 2.5E-01 4.2E-01 0.0853 (-0.0125, 0.1831) 8.6E-02 8.8E-02 2.1E-01
PC aa C40:4 3.62 (1.28) 4.50 (1.51) 0.48 (0.27, 0.80) 7.8E-03 8.3E-02 0.1308 (0.0350, 0.2266) 8.1E-03 7.2E-03 5.3E-02
PC aa C40:5 8.83 (3.47) 11.27 (4.24) 0.44 (0.23, 0.77) 7.0E-03 8.3E-02 0.1517 (0.0581, 0.2454) 1.9E-03 1.5E-03 3.3E-02
PC aa C40:6 19.0 (7.8) 24.5 (10.0) 0.44 (0.23, 0.78) 9.5E-03 8.3E-02 0.1389 (0.0443, 0.2335) 4.5E-03 4.5E-03 4.2E-02
PC aa C42:0 0.470 (0.173) 0.488 (0.158) 0.86 (0.54, 1.36) 5.2E-01 6.7E-01 0.0417 (-0.0604, 0.1439) 4.2E-01 4.2E-01 5.3E-01
PC aa C42:1 0.242 (0.097) 0.250 (0.084) 0.89 (0.56, 1.40) 6.2E-01 7.2E-01 0.0367 (-0.0644, 0.1377) 4.7E-01 4.7E-01 5.8E-01
PC aa C42:2 0.165 (0.066) 0.170 (0.066) 0.91 (0.57, 1.42) 6.7E-01 7.5E-01 0.0382 (-0.0614, 0.1378) 4.5E-01 4.5E-01 5.6E-01
PC aa C42:4 0.172 (0.059) 0.185 (0.060) 0.77 (0.47, 1.21) 2.8E-01 4.4E-01 0.0463 (-0.0534, 0.1460) 3.6E-01 3.6E-01 4.8E-01
PC aa C42:5 0.324 (0.111) 0.383 (0.146) 0.55 (0.30, 0.94) 4.5E-02 1.8E-01 0.1199 (0.0230, 0.2169) 1.6E-02 1.5E-02 7.2E-02
PC ae C30:0 0.389 (0.150) 0.403 (0.140) 0.89 (0.55, 1.40) 6.2E-01 7.2E-01 0.0392 (-0.0607, 0.1392) 4.4E-01 4.4E-01 5.5E-01
PC ae C30:2 0.134 (0.044) 0.134 (0.047) 1.02 (0.64, 1.61) 9.4E-01 9.8E-01 0.0047 (-0.0955, 0.1049) 9.3E-01 9.3E-01 9.4E-01
PC ae C32:1 2.33 (0.63) 2.54 (0.62) 0.69 (0.43, 1.09) 1.2E-01 2.8E-01 0.0671 (-0.0312, 0.1654) 1.8E-01 1.8E-01 3.3E-01
PC ae C32:2 0.595 (0.175) 0.624 (0.170) 0.84 (0.52, 1.30) 4.3E-01 5.9E-01 0.0407 (-0.0585, 0.1398) 4.2E-01 4.2E-01 5.3E-01
PC ae C34:0 1.08 (0.33) 1.25 (0.32) 0.55 (0.32, 0.89) 2.0E-02 1.1E-01 0.1230 (0.0270, 0.2190) 1.3E-02 1.1E-02 7.0E-02
PC ae C34:1 7.73 (2.13) 8.79 (1.89) 0.53 (0.31, 0.87) 1.7E-02 1.0E-01 0.1507 (0.0559, 0.2455) 2.2E-03 1.6E-03 3.3E-02
PC ae C34:2 9.08 (2.67) 9.56 (2.73) 0.82 (0.51, 1.28) 3.9E-01 5.5E-01 0.0628 (-0.0371, 0.1626) 2.1E-01 2.2E-01 3.6E-01
PC ae C34:3 6.83 (1.99) 7.08 (2.06) 0.85 (0.53, 1.36) 5.1E-01 6.5E-01 0.0456 (-0.0569, 0.1481) 3.8E-01 3.7E-01 4.9E-01
PC ae C36:0 0.831 (0.449) 0.805 (0.352) 1.07 (0.68, 1.71) 7.7E-01 8.4E-01 0.0128 (-0.0869, 0.1126) 8.0E-01 7.9E-01 8.3E-01
PC ae C36:1 5.48 (1.67) 6.18 (1.80) 0.63 (0.37, 1.00) 6.2E-02 2.1E-01 0.1240 (0.0275, 0.2205) 1.2E-02 1.2E-02 7.1E-02
PC ae C36:2 9.53 (2.43) 10.96 (2.50) 0.52 (0.30, 0.84) 1.1E-02 8.3E-02 0.1472 (0.0527, 0.2418) 2.7E-03 2.3E-03 3.7E-02
PC ae C36:3 6.37 (1.94) 6.85 (1.77) 0.75 (0.46, 1.18) 2.2E-01 3.9E-01 0.0845 (-0.0146, 0.1837) 9.4E-02 9.4E-02 2.2E-01
PC ae C36:4 16.4 (5.8) 17.3 (4.9) 0.83 (0.51, 1.32) 4.3E-01 5.9E-01 0.0623 (-0.0402, 0.1648) 2.3E-01 2.3E-01 3.7E-01
PC ae C36:5 9.81 (3.42) 10.45 (2.70) 0.80 (0.49, 1.27) 3.5E-01 5.2E-01 0.0573 (-0.0455, 0.1601) 2.7E-01 2.7E-01 4.1E-01
PC ae C38:0 1.49 (0.56) 1.62 (0.51) 0.75 (0.45, 1.18) 2.2E-01 4.0E-01 0.0957 (-0.0024, 0.1938) 5.6E-02 6.0E-02 1.7E-01
PC ae C38:2 1.43 (0.40) 1.67 (0.52) 0.52 (0.29, 0.87) 2.1E-02 1.1E-01 0.1178 (0.0217, 0.2138) 1.7E-02 1.7E-02 7.2E-02
PC ae C38:3 3.08 (0.88) 3.51 (0.84) 0.58 (0.34, 0.93) 3.1E-02 1.4E-01 0.1187 (0.0227, 0.2147) 1.6E-02 1.6E-02 7.2E-02
PC ae C38:4 11.5 (3.3) 12.6 (2.6) 0.66 (0.40, 1.05) 8.9E-02 2.3E-01 0.1116 (0.0139, 0.2093) 2.6E-02 2.7E-02 8.8E-02
PC ae C38:5 14.9 (4.8) 15.9 (3.6) 0.77 (0.47, 1.22) 2.8E-01 4.4E-01 0.0884 (-0.0124, 0.1892) 8.5E-02 8.7E-02 2.1E-01
PC ae C38:6 5.90 (2.15) 6.15 (1.84) 0.87 (0.53, 1.37) 5.4E-01 6.7E-01 0.0612 (-0.0398, 0.1623) 2.3E-01 2.3E-01 3.7E-01
PC ae C40:1 0.894 (0.268) 1.010 (0.277) 0.62 (0.37, 1.00) 5.8E-02 2.0E-01 0.1096 (0.0131, 0.2061) 2.7E-02 2.7E-02 8.8E-02
PC ae C40:2 1.45 (0.45) 1.50 (0.42) 0.87 (0.55, 1.37) 5.5E-01 6.7E-01 0.0648 (-0.0349, 0.1645) 2.0E-01 2.0E-01 3.4E-01
PC ae C40:3 0.987 (0.304) 1.021 (0.277) 0.87 (0.55, 1.36) 5.4E-01 6.7E-01 0.0448 (-0.0545, 0.1441) 3.7E-01 3.8E-01 4.9E-01
PC ae C40:4 2.09 (0.59) 2.23 (0.48) 0.73 (0.45, 1.16) 1.9E-01 3.8E-01 0.0825 (-0.0168, 0.1817) 1.0E-01 1.1E-01 2.3E-01
PC ae C40:5 2.84 (0.87) 3.02 (0.65) 0.76 (0.47, 1.19) 2.4E-01 4.2E-01 0.0863 (-0.0125, 0.1851) 8.6E-02 9.0E-02 2.1E-01
PC ae C40:6 3.44 (1.11) 3.74 (0.95) 0.70 (0.42, 1.12) 1.5E-01 3.3E-01 0.1005 (0.0013, 0.1996) 4.7E-02 4.9E-02 1.4E-01
PC ae C42:1 0.303 (0.096) 0.347 (0.131) 0.66 (0.39, 1.06) 1.1E-01 2.6E-01 0.0776 (-0.0206, 0.1757) 1.2E-01 1.2E-01 2.6E-01
PC ae C42:2 0.507 (0.157) 0.568 (0.170) 0.63 (0.37, 1.01) 6.9E-02 2.1E-01 0.1216 (0.0237, 0.2195) 1.6E-02 1.7E-02 7.2E-02
PC ae C42:3 0.579 (0.170) 0.630 (0.185) 0.71 (0.43, 1.12) 1.5E-01 3.3E-01 0.0926 (-0.0064, 0.1915) 6.6E-02 7.0E-02 1.8E-01
PC ae C42:4 0.806 (0.262) 0.843 (0.251) 0.83 (0.52, 1.31) 4.2E-01 5.8E-01 0.0666 (-0.0341, 0.1673) 1.9E-01 2.0E-01 3.4E-01
PC ae C42:5 1.96 (0.59) 2.04 (0.46) 0.84 (0.53, 1.32) 4.5E-01 6.0E-01 0.0514 (-0.0488, 0.1515) 3.1E-01 3.2E-01 4.5E-01
PC ae C44:3 0.101 (0.039) 0.101 (0.037) 0.99 (0.63, 1.56) 9.8E-01 9.9E-01 0.0268 (-0.0728, 0.1264) 5.9E-01 6.0E-01 6.9E-01
PC ae C44:4 0.354 (0.114) 0.385 (0.110) 0.73 (0.45, 1.15) 1.8E-01 3.7E-01 0.0528 (-0.0481, 0.1536) 3.0E-01 3.0E-01 4.3E-01
PC ae C44:5 1.66 (0.59) 1.76 (0.46) 0.80 (0.50, 1.26) 3.4E-01 5.2E-01 0.0491 (-0.0504, 0.1485) 3.3E-01 3.3E-01 4.6E-01
PC ae C44:6 1.05 (0.37) 1.13 (0.32) 0.77 (0.48, 1.21) 2.6E-01 4.3E-01 0.0617 (-0.0386, 0.1620) 2.2E-01 2.3E-01 3.7E-01
LPC a C14:0 2.15 (1.21) 2.90 (1.92) 0.59 (0.32, 0.97) 5.3E-02 2.0E-01 0.0702 (-0.0300, 0.1704) 1.7E-01 1.6E-01 3.0E-01
LPC a C16:0 67.4 (18.6) 80.1 (24.3) 0.53 (0.30, 0.86) 1.6E-02 1.0E-01 0.1189 (0.0220, 0.2158) 1.7E-02 1.6E-02 7.2E-02
LPC a C16:1 2.28 (0.83) 2.76 (1.20) 0.58 (0.32, 0.97) 5.3E-02 2.0E-01 0.0779 (-0.0232, 0.1791) 1.3E-01 1.3E-01 2.6E-01
LPC a C17:0 0.941 (0.286) 1.087 (0.371) 0.62 (0.35, 0.99) 6.2E-02 2.1E-01 0.0929 (-0.0055, 0.1914) 6.4E-02 6.1E-02 1.7E-01
LPC a C18:0 20.4 (5.9) 24.2 (6.3) 0.51 (0.29, 0.83) 1.1E-02 8.3E-02 0.1363 (0.0408, 0.2319) 5.8E-03 5.1E-03 4.2E-02
LPC a C18:1 12.1 (4.3) 13.3 (3.6) 0.73 (0.44, 1.15) 1.9E-01 3.8E-01 0.0747 (-0.0234, 0.1729) 1.3E-01 1.3E-01 2.7E-01
LPC a C18:2 17.9 (5.6) 18.3 (4.6) 0.92 (0.58, 1.44) 7.0E-01 7.9E-01 0.0300 (-0.0698, 0.1297) 5.5E-01 5.5E-01 6.5E-01
LPC a C20:3 1.66 (0.59) 1.91 (0.62) 0.65 (0.39, 1.04) 8.0E-02 2.2E-01 0.0751 (-0.0249, 0.1751) 1.4E-01 1.4E-01 2.8E-01
LPC a C20:4 4.35 (1.36) 4.44 (1.05) 0.95 (0.60, 1.50) 8.3E-01 8.8E-01 0.0442 (-0.0578, 0.1461) 3.9E-01 3.9E-01 5.1E-01
SM (OH) C14:1 4.12 (1.25) 4.39 (1.20) 0.78 (0.48, 1.22) 2.8E-01 4.4E-01 0.0669 (-0.0324, 0.1661) 1.8E-01 1.9E-01 3.3E-01
SM (OH) C16:1 2.42 (0.68) 2.55 (0.70) 0.80 (0.50, 1.26) 3.5E-01 5.2E-01 0.0698 (-0.0293, 0.1689) 1.6E-01 1.7E-01 3.1E-01
SM (OH) C22:1 9.99 (2.84) 10.78 (3.16) 0.74 (0.45, 1.18) 2.2E-01 3.9E-01 0.0881 (-0.0119, 0.1881) 8.3E-02 8.1E-02 2.0E-01
SM (OH) C22:2 8.24 (2.32) 8.87 (2.38) 0.73 (0.45, 1.15) 1.8E-01 3.7E-01 0.1151 (0.0170, 0.2133) 2.2E-02 2.1E-02 7.5E-02
SM (OH) C24:1 1.04 (0.35) 1.01 (0.33) 1.07 (0.68, 1.71) 7.6E-01 8.4E-01 0.0233 (-0.0791, 0.1258) 6.5E-01 6.5E-01 7.4E-01
SM C16:0 79.1 (20.6) 86.1 (23.2) 0.70 (0.43, 1.11) 1.5E-01 3.3E-01 0.0726 (-0.0267, 0.1718) 1.5E-01 1.5E-01 2.9E-01
SM C16:1 12.3 (3.5) 13.8 (4.1) 0.65 (0.39, 1.03) 7.7E-02 2.2E-01 0.0939 (-0.0044, 0.1921) 6.1E-02 6.3E-02 1.7E-01
SM C18:0 19.6 (5.3) 20.5 (5.8) 0.84 (0.53, 1.32) 4.6E-01 6.0E-01 0.0688 (-0.0299, 0.1674) 1.7E-01 1.7E-01 3.0E-01
SM C18:1 9.60 (2.89) 10.23 (3.05) 0.79 (0.50, 1.25) 3.2E-01 5.0E-01 0.0717 (-0.0271, 0.1704) 1.5E-01 1.6E-01 3.0E-01
SM C20:2 0.653 (0.193) 0.650 (0.205) 0.99 (0.63, 1.57) 9.8E-01 9.9E-01 0.0449 (-0.0556, 0.1454) 3.8E-01 3.7E-01 4.9E-01
SM C24:0 17.5 (5.2) 19.6 (6.4) 0.66 (0.38, 1.06) 1.0E-01 2.6E-01 0.0834 (-0.0163, 0.1832) 1.0E-01 9.9E-02 2.2E-01
SM C24:1 38.0 (10.6) 42.6 (12.4) 0.66 (0.39, 1.04) 8.5E-02 2.2E-01 0.0998 (0.0020, 0.1975) 4.6E-02 4.5E-02 1.3E-01
SM C26:0 0.190 (0.089) 0.175 (0.081) 1.22 (0.77, 2.02) 4.0E-01 5.6E-01 -0.0103 (-0.1115, 0.0908) 8.4E-01 8.4E-01 8.7E-01
SM C26:1 0.273 (0.115) 0.258 (0.135) 1.14 (0.72, 1.83) 5.8E-01 6.9E-01 0.0014 (-0.0993, 0.1021) 9.8E-01 9.8E-01 9.9E-01
Hexose 4502.4 (1163.3) 4801.8 (951.0) 0.73 (0.44, 1.16) 2.0E-01 3.8E-01 0.1125 (0.0156, 0.2093) 2.4E-02 2.6E-02 8.7E-02
*Data are shown as mean (standard deviation), with unit µmol/l, if not indicated otherwise.  BMI-SDS, body mass index standard deviation score; Cx:y, acyl-group with chain length x and y double bonds; HDL, high density lipoprotein; 
HOMA-IR, homeostatic model assessment of insulin resistance; LDL, low density lipoprotein; LPC a, lysophosphatidylcholine with acyl chain; PC aa, diacyl phosphatidylcholine; PC ae, acyl-alkyl phosphatidylcholine; SM, 
sphingomyelin; SM (OH), hydroxysphingomyelin.
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