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Supplementary Material 

Results 

PCA of the metabolomics data for all patients, along with HV (n=76) and QC (n=108) samples is shown in Figure S1, with each 

sample analyzed having a unique metabolic signature that results in a single point in the plot. In total, there was 1 patient with 

Adrenocortical Carcinoma (ACC), 33 patients with Cushing’s Syndrome (CS), 104 patients with Primary Aldosteronism (PA), 106 

patients with Primary Hypertension (PHT) and 94 patients with Pheochromocytoma or Paraganglioma (PPGL). According to the 

plot, in Figure S1, which explains 48% of the dataset's variation, QC samples cluster together closer than samples from any of the 

other groups, and indicate the amount of analytical variation in the dataset. The coefficients of variation of the final set of 86 peaks 

in QC samples (which describe technical variation) were multiplied by two to be comparable to those of HVs, PHT, and EHT 

samples (which describe technical + biological variation) and were found to be lower in QCs than in any of the other groups of 

samples, with a paired t-test yielding significant results for the comparison of PHT peak CVs (p=1.343e-05), as well as EHT 

(p=0.004) and the combination of PHT+EHT (p=0.003), but not for HVs (p=0.121). The median coefficient of variation in QC 

samples was found to be 0.098 in the final dataset, with a median absolute deviation of 0.076. HV samples could be separated based 

on the batch in which they were analyzed, and QC samples based on their run order within batches. The influence of both these 
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analytical factors, as well as that of biological factors patient age and sex were not found to be strong influences on data distribution 

(Figure S2), in contrast to sample center of origin and sample age (Figure 1). 

 

Table S1: Detectable metabolites, based on their corresponding peaks, PubMed CID, level of identification rigor (according to MSI 

guidelines(Sumner et al., 2007)) and metabolites that also correspond to at least one peak. L2* identification rigor resulted from 

visual inspection along with 2D NMR and experiments on filtered plasma at pH 2.5. 

Metabolite Peaks (ppm) CID Level of 

Identification 

rigor 

Overlaps with 

Acetylcarnitine 3.177 7045767   1 

 

Alanine 1.457, 1.472 5950 1 

 

Creatine 3.021, 3.917 586 1 Lysine 

Creatinine 3.028, 4.041 588 1 Ornithine 

Dimethyl sulfone 3.137 6213 2 

 

Dimethylamine 2.695 674 2 

 

Dimethylglycine 2.91 673 2 

 

Formate 8.441 284 2 

 

Glucose 5.22, 5.227 5793 2* 

 

Glutamate 2.047, 2.06, 2.075, 2.095, 2.108, 

2.122, 2.145, 2.325, 2.356 

33032 2* Proline, 

Methionine, 
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Glutamine, 

Pyruvate 

Glutamine 2.095, 2.108, 2.122, 2.145, 2.418, 

2.428, 2.433, 2.46  

5961 2* Glutamate, 

Methionine, 

Proline 

Glycerol 3.555, 3.567 753 2* Threonine, 

Glycine 

Glycine 3.548 750 1 Glycerol 

Histidine 3.126, 3.963, 3.973, 3.985 6274 1 Serine, 

Phenylalanine 

Isoleucine 0.907, 0.922, 0.933, 0.987, 1.001 6306 2* Leucine 

Lactate 1.307, 1.321, 4.08, 4.094, 4.108, 

4.121 

612 2* Proline, 3-

hydroxybutyrate 

Leucine 0.933, 0.945, 0.957, 1.71 6106 2* Isoleucine, Lysine, 

Ornithine 

Lysine 1.71, 1.873, 1.894, 2.997, 3.013, 

3.021 

5962 1 Creatine, 

Isoleucine, 

Ornithine 

Methanol 3.346 887 1 Proline 

Methionine 2.122 6137 1 Glutamate, 

Glutamine 
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Ornithine 1.71, 1.873, 1.894, 3.028, 3.041, 

3.057 

6262 2* Creatinine, Lysine, 

Leucine 

Phenylalanine 3.126, 3.963, 3.973, 3.985 6140 1 Histidine, Serine 

Proline 1.968, 1.982, 1.996, 2.01, 2.047, 2.06, 

2.075, 2.095, 2.325, 3.298, 3.312, 

3.321, 3.335, 3.346 

145742 2* Glutamate, 

Lactate, Methanol 

Pyruvate 2.356 1060 1 Glutamate 

Serine 3.939, 3.951, 3.963, 3.973, 3.985 5951 1 Histidine, 

Phenylalanine, 

Tyrosine 

Threonine 3.567, 3.576, 4.227, 4.24, 4.252 6288 1 Glycerol 

Tyrosine 3.939, 6.874, 6.892, 7.168, 7.185 6057 1 Serine 

Valine 0.967, 0.981, 1.019, 1.033, 2.239, 

2.248, 2.253, 3.594, 3.603 

6287 2* 

 

Unknown 

metabolites 

3.162, 3.262, 3.284, 3.612, 3.67  4 
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Figure S1: PCA score plot of the complete dataset. This plot includes Healthy Volunteers (HV), Quality Controls (QC), as well as 

samples collected from all disease groups (PA, PHT, PPGL and CS). One patient was found to have adrenocortical carcinoma (ACC) 

and was left out of subsequent analyses. Principal components 1 and 2 were used for the plot. QC samples were technical replicates 

and were aliquoted from pooled plasma collected from patients not included in the present study. The spread of QC samples is 

indicative of technical variation associated to the data, which is significantly lower than biological. 

 

Table S2: Summary of accuracies from analyses done via the Initial Approach, without correcting for confounders. 

Scenario Analysis Balanced 

Accuracy 

Sensitivity** Specificity**

* 

 

EHT-PHT sPLSDA 79[78-79] 87[87-87] 70[70-71] 

glmnet 77[77-78] 95[95-96] 59[59-60] 
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Including 

patient age, 

sex, sPLSDA 

79[79-80] 88[88-88] 71[70-71] 

Including 

patient age, 

sex, glmnet 

76[76-77] 96[96-96] 57[56-57] 

PA-PHT sPLSDA 83[83-84] 90[89-90] 77[77-78] 

glmnet 83[82-83] 86[86-87] 79[79-80] 

Including 

patient age, 

sex, sPLSDA 

83[83-84] 90[90-91] 76[76-77] 

Including 

patient age, 

sex, glmnet 

84[83-84] 88[88-89] 79[79-79] 

PPGL-PHT sPLSDA 79[78-79] 88[87-88] 70[69-70] 

glmnet 78[78-79] 77[76-78] 79[78-80] 

Including 

patient age, 

sex, sPLSDA 

78[77-78] 84[83-84] 72[71-72] 
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Including 

patient age, 

sex, glmnet 

77[77-78] 77[76-78] 78[77-79] 

CS-PHT sPLSDA 85[84-85] 71[71-72] 98[98-99]$ 

glmnet 84[83-84] 69[68-70] 98[98-99]$ 

Including 

patient age, 

sex, sPLSDA 

85[84-85] 73[72-74] 97[96-97] 

Including 

patient age, 

sex, glmnet 

83[82-83] 67[66-68] 98[98-98]$ 

 

Balanced 

Accuracy 

CS TP Rate PA TP* Rate PHT TP* 

Rate 

PPGL TP* 

Rate 

ALL-ALL sPLSDA 65[64-65] 73[72-74] 65[64-65] 72[72-72] 50[49-51] 

glmnet 63[62-63] 49[48-50] 69[68-70] 73[73-74] 60[59-61] 

Including 

patient age, 

sex, sPLSDA 

66[66-67] 76[75-77] 64[63-65] 69[68-69] 57[56-58] 

Including 

patient age, 

sex, glmnet 

63[62-63] 48[47-49] 70[69-71] 72[72-73] 61[60-62] 
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*TP stands for True Positive 

**Sensitivity is the TP rate of the disease group (EHT, PA, PPGL or CS) 

***Specificity is the TP rate of the control group (PHT). 

All metrics are given as means, with the 95% confidence interval (in brackets). The marked populations of CS-PHT model estimates 

($) were not normal (values close to 100). 

 

 



Metabolites 2022, 12, 679 10 of 21 
 

 

 



Metabolites 2022, 12, 679 11 of 21 
 

 

 



Metabolites 2022, 12, 679 12 of 21 
 

 

 



Metabolites 2022, 12, 679 13 of 21 
 

 

 

Figure S2: PCA score plots of the dataset that included all disease groups. Samples colored by (a) patient age, (b) patient sex, (c) 

analytical batch, (d) run order within batches. For continuous variables patient age, analytical batch and run order, groups were 

defined by the corresponding medians. Figure (e) is the loadings plot of the PCA score plot depicted in Figure 1. The clusters of 

samples can be explained by outstanding metabolites lactate (peaks at 1.3 and 4 ppm), methanol (3.346 ppm), glutamine (peaks at 

2.1 and 2.4 ppm) and glutamate (peaks at 2.325 and 2.05 ppm). 

 

Table S3: Summary of accuracies from analyses done via Approach A (ASCA correction). 

Scenario Analysis Balanced 

Accuracy 

Sensitivity* Specificity** 

EHT-PHT sPLSDA 79[79-79] 84[83-84] 74[73-74] 
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glmnet 77[77-78] 95[95-95] 60[60-60] 

PA-PHT sPLSDA 83[83-83] 89[89-90] 77[77-77] 

glmnet 83[83-84] 88[88-89] 78[78-79] 

PPGL-PHT sPLSDA 81[80-81] 86[85-87] 75[75-76] 

glmnet 80[80-81] 82[82-83] 78[77-78] 

*Sensitivity is the true positive rate of the disease group (EHT, PA or PPGL) 

**Specificity is the true positive rate of the control group (PHT). 

All metrics are given as means, with the 95% confidence interval (in brackets). 

 

Table S4: Summary of PLSDA analyses done to compare groups of samples defined by confounders. 

PLSDA B. ACCURACY Group 1 TP Rate Group 2 TP Rate 

PA-PHT 

Cluster 1 vs. Cluster 2* 92[92-93] 89[89-90] 95[95-95] 

Sample Age** 88[87-88] 90[89-90] 86[85-86] 

PPGL-PHT 

Cluster 1 vs. Cluster 2* 93[93-93] 92[92-93] 94[93-94] 

Sample Age** 80[80-80] 84[83-85] 76[75-77] 

* Samples compared based on PCA cluster (Figure 1). 

** Samples compared based on sample age, with the median value as the cutoff for the two groups. 

All metrics are given as means, with the 95% confidence interval (in brackets). 
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Table S5: Summary of accuracies from analyses done via Approach B (after the exclusion of peaks related to confounders). 

Scenario Analysis Balanced 

Accuracy 

Sensitivity** Specificity*

** 

 

EHT-PHT sPLSDA 67[66-67] 69[69-70] 64[63-65] 

glmnet 64[63-64] 87[86-87] 41[39-42] 

Including 

patient age, sex, 

sPLSDA 

68[67-68] 70[69-70] 66[65-66] 

Including 

patient age, sex, 

glmnet 

64[64-65] 88[87-88] 41[40-42] 

PA-PHT sPLSDA 69[69-70] 70[69-71] 69[68-70] 

glmnet 70[69-70] 71[70-71] 68[68-69] 

Including 

patient age, sex, 

sPLSDA 

69[69-70] 71[70-71] 68[67-69] 

Including 

patient age, sex, 

glmnet 

69[69-70] 70[69-71] 68[68-69] 

PPGL-PHT sPLSDA 68[68-69] 69[68-70] 67[66-68] 

glmnet 68[68-69] 65[64-65] 72[71-73] 
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Including 

patient age, sex, 

sPLSDA 

69[69-70] 70[69-71] 69[68-70] 

Including 

patient age, sex, 

glmnet 

69[68-69] 65[64-65] 73[72-73] 

CS-PHT sPLSDA 82[81-82] 79[78-80] 84[84-85] 

glmnet 75[74-75] 53[51-54] 97[96-97]$ 

Including 

patient age, sex, 

sPLSDA 

81[81-82] 78[76-79] 85[84-85] 

Including 

patient age, sex, 

glmnet 

74[73-75] 52[50-54] 95[95-96] 

 

Balanced 

Accuracy 

CS TP Rate PA TP* Rate PHT TP* 

Rate 

PPGL TP* 

Rate 

ALL-ALL sPLSDA 53[52-53] 72[71-73] 53[52-54] 45[45-46] 42[41-43] 

glmnet 50[50-51] 39[38-40] 57[57-58] 59[58-60] 46[45-47] 

Including 

patient age, sex, 

sPLSDA 

54[54-55] 79[78-80] 51[50-52] 45[44-46] 43[42-44] 
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Including 

patient age, sex, 

glmnet 

50[49-50] 41[39-42] 56[55-57] 58[57-58] 45[44-46] 

*TP stands for True Positive 

**Sensitivity is the TP rate of the disease group (EHT, PA, PPGL or CS) 

***Specificity is the TP rate of the control group (PHT). 

All metrics are given as means, with the 95% confidence interval (in brackets). The marked population of CS-PHT glmnet specificity 

estimate ($) was not normal (values close to 100). 

 

Table S6: Summary of accuracies from analyses done via approach C (whole center exclusions). 

Scenario Analysis Balanced 

Accuracy 

Sensitivity** Specificity***  

EHT-PHT Cluster 1, 

sPLSDA 

58[57-59] 62[61-63] 53[51-55] 

Cluster 1, 

glmnet 

50[50-50] 98[98-99]$ 0[0-0]$ 

Cluster 1 + age, 

gender, 

sPLSDA 

62[61-63] 64[63-64] 60[59-62] 

Cluster 1 + age, 

gender, glmnet 

50[50-50] 99[98-99]$ 0[0-0]$ 
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PA-PHT Cluster 1, 

sPLSDA 

69[68-70] 77[76-79] 61[60-62] 

Cluster 1, 

glmnet 

68[68-69] 83[83-84] 53[52-55] 

Cluster 1 + age, 

gender, 

sPLSDA 

66[65-67] 68[66-69] 64[62-65] 

Cluster 1 + age, 

gender, glmnet 

65[64-66] 81[80-83] 48[46-50] 

PPGL-PHT Cluster 1, 

sPLSDA 

68[67-69] 69[68-70] 66[65-68] 

Cluster 1, 

glmnet 

70[69-70] 83[82-84] 56[54-57] 

Cluster 1 + age, 

gender, 

sPLSDA 

71[70-72] 73[72-74] 70[68-71] 

Cluster 1 + age, 

gender, glmnet 

69[68-70] 82[82-83] 55[54-57] 

 

Balanced 

Accuracy 

PA TP* Rate PHT TP* Rate PPGL TP* Rate 
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ALL-ALL Cluster 1, 

sPLSDA 

57[57-58] 69[67-70] 35[33-36] 69[68-70] 

Cluster 1, 

glmnet 

58[57-59] 68[67-70] 30[29-32] 75[74-76] 

Cluster 1 + age, 

gender, 

sPLSDA 

53[52-54] 54[53-56] 39[37-41] 66[65-67] 

Cluster 1 + age, 

gender, glmnet 

56[56-57] 67[65-68] 27[25-29] 76[75-77] 

PA-PPGL Cluster 1 

PAVPPGL, 

sPLSDA 

79[78-80] 76[75-77] - 81[80-83] 

Cluster 1 

PAVPPGL, 

glmnet 

77[76-78] 75[73-76] - 80[78-81] 

Cluster 1 

PAVPPGL + 

age, gender, 

sPLSDA 

75[74-76] 73[72-74] - 77[76-78] 

Cluster 1 

PAVPPGL + 

76[75-77] 73[72-74] - 79[78-80] 
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age, gender, 

glmnet 

*TP stands for True Positive 

**Sensitivity is the TP rate of the disease group (EHT, PA, or PPGL) 

***Specificity is the TP rate of the control group (PHT). 

All metrics are given as means, with the 95% confidence interval (in brackets). The marked populations of model estimates ($) were 

not normal (values close to 100 or 0). 

 

Table S7: Summary of accuracies from analyses done to evaluate datasets used in approach C (whole center exclusions). 

Metric EHT-PHT PA-PHT PPGL-PHT 
 

Balanced Accuracy 85[84-86] 84[83-84] 78[77-79] 

GYDR TP Rate* 80[79-81] 77[76-78] 80[79-81] 

ITTU3 TP Rate* 90[89-91] 90[89-91] 76[75-77] 

+ age, 

sex 

Balanced Accuracy 78[77-79] 79[78-80] 62[61-63] 

GYDR TP Rate* 74[73-75] 74[73-76] 71[70-72] 

ITTU3 TP Rate* 82[81-83] 84[83-84] 53[50-55] 

*TP stands for True Positive 

All metrics are given as means, with the 95% confidence interval (in brackets). 
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