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Background: Depression is concomitantly presented in Hepatitis B Virus (HBV)-infected patients and decreases these patients’ quality of 
life. However, there are no laboratory-based methods to objectively diagnose this disorder.
Objectives: The aim of this study was to investigate the alteration of urinary metabolites in depressed HBV-infected patients.
Patients and Methods: In this study, 81 depressed HBV-infected patients, 68 non-depressed HBV-infected patients and 64 Healthy Controls 
(HC) were recruited. A nuclear magnetic resonance (NMR)-based urinary metabonomic method was used to characterize the urinary 
metabolic profiling of depressed and non-depressed subjects.
Results: Seventeen differential urinary metabolites responsible for discriminating depressed HBV-infected patients from non-depressed 
HBV-infected patients and HC were identified. Among these metabolites, pyruvate, isobutyrate, N-methylnicotinamide, α-hydroxybutyrate, 
acetoacetate and malonate were identified as potential biomarkers for diagnosing depression in HBV-infected patients. A combined panel 
of these potential biomarkers could effectively discriminate depressed HBV-infected patients from non-depressed HBV-infected patients 
and HC, with an average accuracy of 89.6% in the training set and a predictive accuracy of 86.4% in the test set.
Conclusions: These findings suggest that NMR-based urinary metabonomics approach might be a useful tool for the clinical diagnosis 
of depression in HBV-infected patients and the six potential biomarkers could be helpful for developing an objective diagnostic method. 
Limited by the number of recruited subjects, future studies are required to validate our conclusions.
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1. Background
Hepatitis B Virus (HBV) is one of the most common dis-

eases in China and infects more than two billion people 
around the globe (1). Hepatitis B Virus is frequently 
accompanied by many complications, such as cirrho-
sis, hepatic failure and hepatocellular carcinoma (2). 
Among patients infected by HBV, more than 350 million 
develop chronic HBV infection (1). Nowadays, HBV infec-
tion remains a serious global health concern. Infection 
with HBV results in more than 600000 deaths per year 
due to associated complications (3). Moreover, HBV is 
responsible for more than half of the world’s hepatocel-
lular carcinoma cases, which is amongst the three major 
causes of death in Africa and Asia. Depression is a debili-
tating mood disorder that affects up to 15% of the world’s 
population (4), and contributes to 12.3% of the global 
disease burden (5). This psychiatric disorder is prevalent 
in chronic HBV-infected patients. A previous study con-
ducted in Iran, showed that depression was present in 
30% of these patients (6). Depression in HBV-infected pa-
tients is mainly caused by physical, cognitive, functional 
impairments and fear of disease complications (7, 8). It 

has been reported that depression is related to patients’ 
feeling of fatigue (9). Meanwhile, medical treatment with 
interferon could also lead to depression. Depression can 
decrease quality of life and social activities in affected 
patients. Reducing the patients’ compliance with pro-
longed therapeutic regimens is one of the most impor-
tant consequences of depression (10). However, the diag-
nosis and treatment of depression is often overlooked in 
most HBV-infected patients (11). Currently, due to the lack 
of objective diagnostic methods, the diagnosis of depres-
sion still relies on the subjective identification of symp-
tomatic clusters. This method is always associated with a 
high error rate (12). That is because the clinical presenta-
tion of depression is highly heterogeneous and standard-
ized structured diagnostic interviews cannot sufficiently 
characterize this heterogeneity (13). One of methods that 
can be used to circumvent these limitations is to identify 
disease-related biomarkers to develop objective diag-
nostic methods. Recently, researchers have increasingly 
used metabonomics to explore potential biomarkers for 
neuropsychiatric disorders (14-17). Two studies identi-
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fied some potential biomarkers for depression through 
profiling metabolites in urine samples from depressed 
patients and healthy controls (16, 17). However, due to 
varying metabolic changes during varying disease states, 
it is unknown whether or not these potential biomark-
ers could be used to diagnose depression in HBV-infected 
patients. Given these facts, there is an urgent need to de-
velop objective laboratory-based diagnostic approaches 
for depression in HBV-infected patients. In this study, a 
nuclear magnetic resonance (NMR)-based metabonomic 
platform was applied to profile metabolites in urine sam-
ples of depressed HBV-infected patients, non-depressed 
HBV-infected patients and healthy controls (HC).

2. Objectives
The aim of this study was to firstly identify different uri-

nary metabolites in depressed HBV-infected patients rela-
tive to non-depressed HBV-infected patients and HC us-
ing highly homogeneous training samples. Secondly, our 
aim was to obtain a simplified biomarker panel for diag-
nosis of depression in patients with HBV-infection, and 
to independently validate its diagnostic performance in 
diverse test samples.

3. Patients and Methods

3.1. Subjects
All recruited subjects signed written informed consents 

before sample collection. The protocols of this research 
were reviewed and approved by the Ethical Committee of 
Xinxiang Medical University. The methods were conduct-
ed according to approved guidelines and regulations. All 
patients with HBV-infection were recruited from the First 
Affiliated Hospital of Xinxiang Medical College. The can-
didates who met the following criteria were included in 
this research:

1) a diagnosis of depression according to the Structured 
Psychiatric Interview using the Diagnostic and Statistical 
Manual of Mental Disorders-IV-Text Revision (DSM-IV-TR) 
criteria (18).

2) 17-item Hamilton Depression Rating Scale (HDRS) 
score of more than 17.

3) Cirrhosis patients co-infected with Hepatitis C or hu-
man immunodeficiency virus were excluded.

4) Subjects with other psychiatric disorders, any pre-
existing bodily disorders and illicit drug use were also 
excluded.

5) Signed written informed consent. In total, 81 de-
pressed HBV-infected patients were recruited.

Meanwhile, 68 non-depressed HBV-infected patients 
that met the third and four criteria were recruited. 
Healthy controls (HC) were recruited from the medi-
cal examination center of the First Affiliated Hospital of 
Xinxiang Medical College and had no history of DSM-IV 
Axis I/II, neurologic or systemic medical illness. Totally, 64 
HC were recruited.

3.2. Sample Preparation
Subjects’ morning urine samples were obtained after 

overnight fasting. We used sterile cups to collect urine 
samples, which were then poured into sterile tube. After 
centrifuging at 1500 g for 10 minutes, the resulting su-
pernatant was divided into equal aliquots and stored at 
–80°C. 

3.3. Nuclear Magnetic Resonance Acquisition
Before conducting NMR analysis, several steps were 

completed.
- Removal of precipitate: thawing the samples and cen-

trifuging for 10 minutes at 1500 g
- Stabilizing of urinary pH: adding 100 µL of phosphate 

buffer to 500 µL of urine
- Obtaining the supernatant: centrifuging the mixture 

for 10 minutes at 12000 rpm and taking 500 µL of the su-
pernatant in 5 mm NMR tubes

- Collection of proton spectra: using the Bruker Avance 
600 spectrometer operating at a 1 H frequency of 600.13 
MHz and using a standard 1D pulse sequence

- Parameters settings: 64 transients, 16 K data points, 
8000 Hz spectral width, 2.0 seconds relaxation delay and 
0.945 s acquisition time

- Reform free induction decay (FID): before Fourier 
transformation, zero-filling and multiplying (by an expo-
nential line-broadening function of 0.3 Hz) the FID

Urine resonance assignments were conducted in accor-
dance with previous reports and NMR databases (19, 20).

3.4. Data Analysis
Spectra were manually phased and the baseline was 

corrected and referenced to 3-trimethylsilyl-1-[2,2,3,3-²H4] 
propionate (TSP)at δ 0.0 (16). Next, NMR spectra were seg-
mented into 0.005 ppm chemical shift “bins” between 
0.5 and 9.5 ppm using the AMIX package (Bruker Biospin, 
Germany). The exclusion of spectral regions of water and 
urea resonances before analysis was to remove baseline 
effects of imperfect water saturation. The normalized 
integral values of each sample were imported to SIMCA-
P + 12.0 and SPSS 19.0 software to perform multivariable 
statistical analysis. The spectral data was scaled to unit 
variance. Next, a typical ten-fold cross-validated orthogo-
nal partial least squares discriminant analysis (OPLS-DA) 
model was used to visualize discrimination between de-
pressed HBV-infected patients and non-depressed HBV-
infected patients (21). Parameters, including R2X, R2Y and 
Q2Y were calculated and employed to assess the quality of 
the OPLS-DA model (22). The goodness of fit of the model 
was assessed by the former two parameters and the pre-
dictability of the model was assessed by the last param-
eter (22). Furthermore, a 199-iteration permutation test 
was performed to check whether the model was over-fit-
ted. Lower values of R2 and Q2 from the permutation test 
than the corresponding values from the original model 
indicated that the model was deemed valid and not over-
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fitted (22). The differential urinary metabolites contrib-
uting to sample discrimination were selected based on a 
threshold of a multivariate statistical parameter (the cor-
relation coefficient of |r| > 0.273, equivalent to a P value of 
< 0.05) from the coefficient loading plots of the OPLS-DA 
model (23).

3.5. Potential Biomarkers Identification
When fewer metabolites were used by the clinicians 

to diagnose depression in HBV-infected patients, it was 
more feasible, economical, convenient, and acceptable 
by the patients. For this reason, a step-wise logistic regres-
sion analysis based on the Bayesian Information Criteri-
on (BIC) was carried out to optimize the metabolites with 
|r| > 0.273. This procedure produced the most simplified 
potential metabolite biomarkers panel that had good 
discrimination and prediction power. To assess the di-
agnostic performance of this panel, a receiver-operating 
characteristic (ROC) curve analysis was conducted to as-
sess the ability of this panel in differentiating depressed 
HBV-infected patients from non-depressed HBV-infected 
patients and HC in both training and test sets.

3.6. Statistical Analysis
As appropriate, student’s t-test, nonparametric Mann-

Whitney U test, Chi-square test and one-way ANOVA test 
were performed using the SPSS software, version 19.0. 
Bonferroni step-down procedure was used to control the 
false discovery rate (24). All tests were two-sided with sta-
tistical significance set at P value < 0.05, unless otherwise 
stated.

4. Results
The overall workflow of identifying a simplified set of 

urinary metabolite biomarkers for depression in HBV-
infected patients is summarized in Figure 1. This study 
recruited 81 depressed HBV-infected patients, 68 non-
depressed HBV-infected patients and 64 HC. Among these 

subjects, 118 (55.4%) were male. The mean age of these 
subjects (mean ± SD) was 49.6 ± 11.4. The score of HDRS of 
depressed HBV-infected patients was significantly higher 
than that of other subjects. No significant differences in 
age, gender, or body mass index were found. Detailed in-
formation is stated in Table 1.

4.1. Differential Urinary Metabolites
The OPLS-DA model was built using the training set (38 

HC, 40 non-depressed and 53 depressed HBV-infected 
patients) to select the differential urinary metabolites 
responsible for discriminating depressed HBV-infected

Training set (HB - D , HB , HC)

NMR Acquisition

OPLS - DA Model

Permutation

Testing set Logistic Regression

Key Metabolites

ROC Analysis Optimal Panel

Figure 1. Overview of the Experimental Workflow

Table 1.  Demographic and Clinical Characteristic of the Subjects a, b

Training Set Test Set

HC HB dHB HC HB dHB

Sample Size 38 40 53 26 28 28

Age, y 49.6 ± 11.4 51.6 ± 10.5 48.7 ± 11.2 50.9 ± 9.7 49.2 ± 10.1 51.8 ± 10.9

Gender

Female 17 17 18 10 12 11

Male 21 23 25 16 16 17

HDRS 0.4 ± 0.5 1.4 ± 0.8 23.4 ± 4.7 0.3 ± 0.4 1.9 ± 1.1 23.5 ± 4.2

BMI, kg/m2 21.7 ± 2.8 21.4 ± 2.5 22.1 ± 2.6 22.4 ± 2.2 20.9 ± 3.1 21.5 ± 2.7
a Abbreviations: BMI, Body Mass Index; dHB, depressed hepatitis B virus infected patients; HC, healthy controls; HB, non-depressed hepatitis B virus 
infected patients; HDRS, Hamilton Depression Rating Scale.
b Data are presented as Mean ± SD.
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patients from non-depressed HBV-infected patients and 
HC. The score plots of the OPLS-DA model showed that de-
pressed HBV-infected patients were significantly different 
from subjects in the other two groups with little overlap 
(Figure 2 A). Meanwhile, the positive values of R2X (61.0%), 
R2Y (64.3%) and Q2Y (57.8%) implied a robust metabolic dif-
ference between depressed HBV-infected patients and 
non-depressed subjects. Moreover, the results of permu-
tation test demonstrated that this OPLS-DA model was 
valid, positive and not over-fitted (Figure 2 B). In order to 
independently validate the reliability of the constructed 
OPLS-DA model, a test set (26 HC, 28 non-depressed and 
28 depressed HBV-infected patients) was used. The corre-
sponding results showed that the OPLS-DA model could 
correctly predict depressed HBV-infected patients (Figure 
3 A), non-depressed HBV-infected patients and HC subjects 

(Figure 3 B). By analyzing the coefficient loading plots, 17 
differential urinary metabolites (|r| > 0.273) that contrib-
uted to the discrimination of depressed HBV-infected pa-
tients were obtained. Among these metabolites, the levels 
of five metabolites (acetoacetate, glycerophosphocholine, 
malonate, phenylacetylglycine and p-hydroxyphenyl-
acetate) were lower in depressed HBV-infected patients, 
and the levels of 12 metabolites (isobutyrate, acetone, 
α-hydroxybutyrate, glycolate, β-hydroxybutyrate, pyruvate, 
trimethylamine, dimethylglycine, α-hydroxyisobutyrate, 
3,4-dihydroxymandelate, acetamide and N-methylnicotin-
amide) were higher in depressed HBV-infected patients. 
Meanwhile, the non-parametric Mann-Whitney U test was 
used to confirm the metabolic changes identified by the 
OPLS-DA model, and the 17 metabolites still remained sig-
nificantly changed (Table 2).

Figure 2. Metabonomic Analysis
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Figure 3. T-Predicted Scatter Plot from the OPLS-DA Model
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Table 2.  Differential Urinary Metabolites for Diagnosis of Depression in Hepatitis B Virus-Infected Patients
No Metabolite Ra P Valueb Chemical Shift/ppm Multiplicityc

1 3, 4-Dihydroxymandelate 0.520 1.97 E-10 6.87, d; 6.92, s; 6.98, d
2 Acetamide 0.392 4.32 E-12 2.00, s
3 Acetoacetate -0.276 3.62 E-07 2.27, s; 3.43, s
4 Acetone 0.817 1.41 E-09 2.22, s
5 Dimethylglycine 0.432 1.32 E-10 2.78, s
6 Glycerophosphocholine -0.375 1.04 E-05 3.23, s
7 Glycolate 0.571 8.62 E-12 3.59, s
8 Isobutyrate 0.826 2.80 E-12 1.14, d
9 Malonate -0.393 3.95 E-02 3.12, s
10 N-Methylnicotinamide 0.386 2.62 E-07 8.21, d; 8.90, d; 8.97, d; 9.29, s
11 Phenylacetylglycine -0.527 8.85 E-04 7.28, d; 7.36, t; 7.42, dd
12 p-Hydroxyphenylacetate -0.571 5.39 E-04 3.78, s; 7.14, d; 7.21, d
13 Pyruvate 0.491 6.50 E-15 2.38, s

14 Trimethylamine 0.479 3.10 E-12 2.88, s
15 α-Hydroxybutyrate 0.686 1.21 E-12 1.64, m; 1.73, m;3.99, dd
16 α-Hydroxyisobutyrate 0.404 3.89 E-13 3.69, m; 2.65, m;1.11, d
17 β-Hydroxybutyrate 0.531 9.12 E-07 1.24, d; 2.33, dd; 2.40, dd
a Correlation coefficient was obtained from OPLS-DA with a threshold of 0.273, positive value indicates higher levels, and negative value indicates lower 
levels in hepatitis B patients with depression.
b P values were derived from non-parametric Mann-Whitney U test.
c Multiplicity: d, doublet; dd, doublet of doublets; m, multiplet; q, quartet; s, singlet; t, triplet.

4.2. Potential Metabolite Biomarkers Panel
Under the premise of guaranteeing distinguish ac-

curacy, the less metabolite in the diagnostic panel, the 
more convenient and economical in clinical use. There-
fore, the 17 metabolites with |r| > 0.273 were used as vari-
ables to conduct step-wise logistic regression analysis. 
The Bayesian information criterion (BIC) rule was used 
to determine the minimum number of metabolites that 
are needed to effectively separate depressed HBV-infect-
ed patients from subjects in the other two groups. This 
procedure yielded an optimal diagnostic panel consist-
ing of pyruvate, isobutyrate, N-methylnicotinamide, 
α-hydroxybutyrate, acetoacetate and malonate, which in-
dicated that the six metabolites could describe the most 
significant deviations between depressed HBV-infected 
patients and subjects in the other two groups. This panel 
yielded an average accuracy of 89.6% in the training set 
and a predictive accuracy of 86.4% in the test set.

4.3. Diagnostic Performance
In order to quantitatively assess the diagnostic perfor-

mance of this panel, a receiver-operating characteristic 
(ROC) curve analysis was carried out, and the area under 
the curve (AUC) was calculated. The results indicated that 
this panel could effectively discriminate the depressed 
HBV-infected patients in the training set with an AUC 
of 0.977 (95%CI = 0.957 - 0.997) (Figure 4). Furthermore, 
the testing set was used to independently assess the di-
agnostic performance of this panel, and the value of AUC 
was 0.966 (95%CI = 0.932 - 0.999) (Figure 4). These results 

showed that the diagnostic performance of this panel 
composed of only six metabolites and the OPLS-DA model 
composed of all detected metabolites were comparable.
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5. Discussion
Chronic infection of hepatitis B that causes drastic con-

sequences such as liver dysfunction is viewed by clini-
cians and researchers as an important infectious disease. 
Depression, a psychiatric disorder, is concomitantly pres-
ent in HBV-infected patients and decreases the patients’ 
quality of life. Depression might lead to suicide, homicide 
or intentional transmission of infection to others. How-
ever, up to now, diagnosis of depression in HBV-infected 
patients has still remained subjective, and no objective 
laboratory based test could be used to aid clinicians with 
making an accurate diagnosis. In this study, a NMR-based 
metabonomic approach was used to identify potential di-
agnostic biomarkers for depressed HBV-infected patients. 
Consequently, a panel consisting of pyruvate, isobutyr-
ate, N-methylnicotinamide, α-hydroxybutyrate, acetoace-
tate and malonate was identified as an effective classifier. 
In the training set, this panel yielded an AUC of 0.977 with 
sensitivity of 86.8% and specificity of 92.3%. In the testing 
set, this panel yielded an AUC of 0.966 with sensitivity of 
82.1% and specificity of 90.7%. These results indicated that 
the diagnostic performance of these six metabolites was 
significantly higher than that of the currently available 
psychiatric interview-based methods (25). Our findings 
showed that urinary metabolite biomarkers might facili-
tate the detection of depression in HBV-infected patients, 
and provide candidate biomarkers for the development 
of objective diagnostic methods. Chronic stress might 
have an important role in depression development of 
chronic HBV-infected patients. This could be due to the 
increase of plasma cortisol levels and impaired serotonin 
uptake (26). The former was a stress-associated agent and 
the later was a known agent that had a role in depression. 
Other researchers demonstrated that chronic stress plays 
a critical role in the beginning and development of de-
pression (27). They found that the plasma cortisol level 
of a normal person was decreased throughout the day. 
However, this phenomenon did not exist in depressed 
patients. Moreover, the level had a substantial increase in 
the afternoon in depressed patients. This elevation was 
described as a characteristic of hypercortisolism that 
was observed in chronic stress. A previous NMR study of 
126 depressed patients and 134 healthy controls identi-
fied a potential biomarker panel for discriminating de-
pressed patients from healthy controls (16). Two metabo-
lites (malonate and N-methylnicotinamide) were also 
identified in our study. We used this panel to distinguish 
depressed HBV-infected patients from subjects in the 
other two groups. The results showed that the previous 
panel identified by Zheng et al. (16) could not efficiently 
diagnose depression in HBV-infected patients. The diag-
nostic accuracies were inferior to the accuracies of our 
panel (86.8% and 82.1% in the training and testing set). 
These findings indicated that the previous panel might 
not be appropriate for diagnosing depressive symptoms 
in HBV-infected patients. This might be because meta-

bonomics was applied to capture metabolic changes in 
disease states (28), yet different disease states might have 
different metabolic profiling. Therefore, the metabolic 
profiling of depressed HBV-infected patients in this study 
might be different from the metabolic profiling of de-
pressed patients from previous work (16). There were sev-
eral notable limitations in this work. First, the number of 
recruited subjects was relatively small. Second, whether 
or not this panel could be used for a wide range of pa-
tients is unknown, because all subjects were recruited 
from the same ethnicity and site. Third, we obtained this 
panel by only recruiting depressed HBV-infected patients 
and non-depressed subjects; therefore, whether this pan-
el could be used to discriminate depressed HBV-infected 
patients from HBV-infected patients with other neuropsy-
chiatric disorders requires further studies. Finally, any 
single metabonomic platform alone cannot completely 
cover the entire human metabonome; future studies ap-
plying other metabonomic methods are required (29). 
Our study provided evidence that NMR-based urinary 
metabonomics approach might be used as a useful tool 
in the clinical diagnosis of depression in HBV-infected 
patients. Additionally, a panel of six potential urinary 
metabolite biomarkers, including pyruvate, isobutyrate, 
α-hydroxybutyrate, malonate, N-methylnicotinamide 
and acetoacetate, was identified as an effective classifier.
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