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Correlation Analysis on the Differences between Depression and
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Abstract Many people in the modern society are inflicted with depression and psychological suboptimal
health. Here we analyzed the metabolic biomarkers associated with these two conditions, aiming to
provide a reference for the clinical diagnosis and identification as well as the early therapeutic prevention
and treatment. 18 patients with depression and 23 suboptimal health subjects were screened, and their
venous blood was collected. We used the method of ' H-NMR metabolomics, combined with the univariate
analysis, multivariate statistics, correlation and Fold Change ( FC), and screened the endogenous

Wk H ). 2017-11-22; & H . 2018-01-07; #52 Hil. 2018-01-14

EXK A RFL#E LT H (No. 81441096) 5 L TG4 DA FITHRIAEFZ R AW H (No. 2014ZY01) 5 tNPE A FHEHF 5T R (No. 201603D321077 , No.
201603D3113013,No. 201601 D011122, No. 201701D22111344 ) 5 L1 PG4 B} A1 37 T 25 B (No. 201605D131045-18 ) Al 11 PG 44 T 55 52 48 % ( No.
201605D111004 ) % Bl

“HIRVE#E Tel: (0351)7019297; E-mail: jstian@ sxu. edu. cn

Received: November 22, 2017 ; Revised: January 7, 2018 ; Accepted: January 14, 2018

Supported by The Project of National Natural Science Foundation of China( No. 81441096; Shanxi Province Health and Family Planning Commission
Project (No. 2014ZYO01 ) the Science Technology Department of Shanxi Province (No. 201603D321077, No. 201603D3113013, No. 201601D011122,
No. 201701D22111344) ; the Science and Technology Innovation Team of Shanxi Province ( No. 201605D131045-18) and the Key Laboratory of Shanxi
Province (No. 201605D111004)

* Corresponding author Tel: (0351)7019297 ; E-mail: jstian@ sxu. edu. cn



552 i BN A AR YRR AR GBI AT VAR AE 15 o BT 10 2 S 205

differential metabolites as potential metabolic biomarkers by 171 > 0.6 and FC > 1.5 as ecritical

indicators. Metabolites including 3-OH-butyrate, acetate, alanine, betaine and carnitine and so on

showed significant differences between the two groups (P <0.05, 0.01). Then the receiver operating

characteristic curve (ROC) was used to assess the ability of identification and diagnosis. The area under

the receiver operating characteristic curve (AUC) showed that carnitine, choline, histidine, and lipid

(AUC > 0.85) had a high diagnostic value and predictive ability for associating depression and

psychological suboptimal health. In summary, the present research could set up new measures for

improving the accuracy and reliability of clinical diagnosis of depression. It will play a critical role in the

early identification of psychological suboptimal health and prevent it from turning into mental diseases.
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Table 1 Basic information and scale scores of subjects

Projects Depression Suboptimal health
Sample size 18 23

Sex (M/ F) 8/10 5/18

Age (year) 46.6 £8.5 44.4 £10.0
HAMD (x =s) 19.6+2.2 —

SCL90( x =s) — 155 £34
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Table 2 Peak attribution of the main marked metabolites in' H-NMR spectra of plasma samples

& H/ppm(Peak type, coupling

Number Metabolites P Group constant /Hz)
1 2-OH-butyrate 0.73 yCH3 0.90 (t, 7.47)
2 3-OH-butyrate 0.04 yCH3 1.20 (d, 6.60)
3 Acetate 6.65E-12 BCH3 1.93 (s)
4 Acetoacetic acid 0.01 CH3 CH 2.28 (s) 3.48 (s)
5 Alanine 8. 83E-10 BCH3 CH 1.48 (d, 7.3) 3.77 (m)
6 Betaine 0.02 N(CH3)3 CH2 3.27 (m) 3.89 (s)
7 Carnitine 5. 49E-05 N(CH3)3 3.21 (s)
8 Choline 2.91E-05 N(CH3)3 3.20 (s)
9 Citric acid 0.09 Half CH2 Half CH2 2.54 (d, 16.1) 2.65 (d, 16.2)
10 Creatine 0.04 N-CH3 CH2 3.04 (s) 3.93(s)
1 Cysteine 0.55 CH CH2 3.97 (dd)3.06(m)
12 Glutamine 4. 76 E-05 oCH B CH2 2.16 (m) 2.45 (m)
13 Glutamic acid 2.30 BCH2 v CH2 2.07 (m) 2.35 (m)
14 Glycine 0. 88 aCH2 3.57 (s)
15 Glycerin 2. 69E-11 CH2 CH 3.67 (m) 3.78 (m)
16 Histidine 2. 74E-08 4-CH 7.10 (s)
17 Isoleucine 0.01 8CH3 v CH3 0.94 (t,7.4) 1.02 (d, 7.0)
18 Lactate 0.88 BCH3 o CH 1.33 (d, 6.9) 4.12 (q, 6.9)
19 Leucine 0. 04 SCH3 o CH2 0.96 (d) 3.73 (m)
20 Lipid 0. 0001 CH3 0.84 (q)
21 Methionine 0.05 yCH2 S-CH3 2.62 (t,7.58) 2. 14 (s)
22 Methylamine 0.99 CH3 2.61 (s)
23 Methanol - CH3 3.36 (s)
24 N-acetyl- 2.23E-12 CH3 2.04 (s)
glycoprotein
25 Phosphatidylcholine 0. 22 N(CH3)3 3.22 (s)
26 Phenylalanine 0. 69 2 and 6-CH 3 and 5-CH  7.33 (m) 7.42 (m)
27 Proline 0.02 aCH2 B CH2 1.99 (m) 2.34 (m)
28 Alanine ) 0.55 CH3 2.38 (m)
29 :;;?Pethylam‘“e 8. 9E-05 CH3 3.26 (m)
30 Tyrosine 7.31E07 3and 5-CH2 and 6-CH 6.90 (m) 7.19 (m)
31 Valine 0.45 yCH3 v’ CH3 0.99 (d, 7.1) 1.05 (d, 7.0)
32 Glucose 0. 0002 ClH 5.24 (d,3.7) 4.64 (d, 8.0)
33 Arginine 0.29 a CH2 1.92(m)
34 Glucosamine 0.39 BCH2yCH2 2.16 (m)2.54(m)
35 Lysine 0.27 CH2 3.02(m)1.73(m)

P psychological suboptimal health vs depression. s: singlet, d: doublet, t; triplet, q: quartet, m: multiplet, dd: doublet of doublet
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Fig. 1  Representative 600 MHz 'H-NMR spectra of
plasma samples ( A: depression, B: suboptimal health)
Plasma samples were collected from the subjects of the
study. The chemical shifts of metabolites were represented
by the abscissa and the numbers corresponding to different
metabolites were as follow; 1) 2-OH-butyrate, 2) 3-OH-
butyrate, 3) Acetate, 4) Acetoacetic acid, 5) Alanine, 6)
Betaine, 7) Carnitine, 8) Choline, 9) Citric acid, 10)
Creatine, 11) Cysteine, 12) Glutamine, 13) Glutamic
acid, 14) Glycine, 15) Glycerin, 16) Histidine, 17)
Isoleucine, 18 ) Lactate, 19) Leucine, 20) Lipid, 21)
Methionine, 22 ) Methylamine, 23 ) Methanol, 24 ) N-
acetyl-glycoprotein, 25 )  Phosphatidylcholine, 26 )
Phenylalanine, 27 ) Proline, 28 ) Alanine, 29 )
Trimethylamine oxide, 30) Tyrosine, 31) Valine, 32)
Glucose, 33) Arginine, 34) Glucosamine, 35) Lysine
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Table 3 The r value (Pearson correlation coefficients) of

differential metabolites

r ( Pearson correlation

Number Metabolites

coefficients )
1 Glycerin 0. 89609
2 Acetate -0. 86540
3 N-acetyl-glycoprotein -0. 84661
4 Histidine 0.77779
5 Tyrosine -0. 68758
6 Choline 0.67172
7 Carnitine 0. 62872
8 Lipid 0. 60575
9 Glucose 0. 59665
10 Glutamine —-0. 57000
11 Isoleucine 0. 45249
12 Acetoacetic acid -0.41434
13 Betaine 0. 36260
14 3-OH-butyrate 0. 35880
15 Leucine 0. 34496
16 Alanine 0.33144
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Fig.2 Discovery of the differential biomarkers from 'H-NMR spectra of plasma (A) The PLS-DA and (C) OPLS-DA
score plots derived from 'H NMR spectra of plasma were used for observing the sample distribution. The first and second component
(tl and t2) were represented by the abscissa and the ordinate in the PLS-DA score plots, respectively. Besides, the first component
tl and orthogonal component (tl and t01 ) were represented by the abscissa and the ordinate in the OPLS-DA score plots,
respectively. (B) The corresponding 200 permutation test of PLS-DA was used to confirm the model. The predicted values and the
observed values were represented by the abscissa and the ordinate, respectively. (D) The corresponding S-plot of OPLS-DA. The
covariance and correlation were represented by the abscissa and the ordinate, respectively
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Fig.4 Screening of the candidate biomarkers from 'H-NMR spectra of plasma
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The potential metabolic biomarkers were

screened by 1r1 >0.6 and FC > 1.5 as critical indicators. (A) the results of the correlation analysis of candidate biomarkers show that

acetoacetic acid, glutamine, tyrosine, N-acetyl-glycoprotein, and acetate were negatively correlated ;3-OH-butyrate, alanine, betaine,
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Fig. 5 ROC curves used for evaluating diagnostic

capabilities of biomarkers (1) Acetate; (2) Carnitine;
(3) Choline; (4) Histidine; (5) Lipid; (6) N-acetyl-
glycoprotein; (7) Tyrosine

Table 4 Information of the ROC curve under the area (AUC)
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