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Abstract: While plasma arginase-1 has been suggested as a biomarker of mental status in healthy
individuals, it has not been evaluated in patients with chronic liver disease. This cross-sectional
study investigated the utility of plasma arginase-1 for screening mental status in patients with
chronic liver disease. This study included outpatients with chronic liver disease who underwent
regular check-ups at Okayama University Hospital between September 2018 and January 2019.
In addition to the standard blood tests, the plasma arginase-1 level was analyzed. The patients’
mental status was assessed using the Japanese version of the General Health Questionnaire-28 (GHQ-
28). The associations between mental status and various parameters, including plasma arginase-1,
were investigated using logistic regression analysis. Among 114 participating patients, 8 were
excluded, comprising 6 with insufficient blood samples for plasma arginase-1 measurement and
2 with incomplete questionnaires. Multivariate binomial logistic regression analysis revealed that
plasma arginase-1 was significantly and negatively associated with the GHQ-total score, especially
somatic symptoms. Therefore, plasma arginase-1 may be a useful biomarker for assessing the mental
status of outpatients with chronic liver disease.

Keywords: mental status; arginase; liver disease

1. Introduction

Stress plays a role in the development of physical and mental disorders [1–3]. A
physical response to stress occurs owing to an imbalance in the autonomic nervous system;
moreover, the associated chronic inflammation contributes to the development of physical
diseases [4–7]. However, questionnaires are exclusively used to measure stress, and few
“gold standard” measures of stress can be used simply in daily practice [1]. Stress is
experienced in multiple ways, including social, psychological, and physiological stress,
making it challenging to establish biomarkers for some aspects of stress.

Chronic liver diseases (e.g., viral hepatitis, non-alcoholic fatty liver disease, and
alcoholic liver disease) and cirrhosis, the end-stage of all chronic liver diseases, interfere
with mental and physical well-being, as well as daily activities [8–11]. Moreover, a meta-
analysis of the association between psychological distress and liver disease mortality

Diagnostics 2021, 11, 317. https://doi.org/10.3390/diagnostics11020317 https://www.mdpi.com/journal/diagnostics

https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0002-1877-7577
https://orcid.org/0000-0002-4815-5891
https://doi.org/10.3390/diagnostics11020317
https://doi.org/10.3390/diagnostics11020317
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/diagnostics11020317
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/2075-4418/11/2/317?type=check_update&version=2


Diagnostics 2021, 11, 317 2 of 10

showed a significant increase in liver disease mortality with increased General Health
Questionnaire (GHQ) score [12]. Therefore, assessing the mental and physical status of
patients with chronic liver disease in daily practice is an important factor for the treatment
of liver disease.

We previously found that arginase-1, interleukin-6, and C-reactive protein might
be useful as stress indicators and candidate biomarkers of chronic inflammation [13–17].
Arginase, a key enzyme in the urea cycle, is involved in the indirect regulation of nitric oxide
(NO) by the consumption of L-arginine, which is a common substrate for NO synthase
(NOS) [18]. NO from NOS in neuronal cells acts as a neurotransmitter and modulates
norepinephrine, serotonin, dopamine, and glutamate; thus, disruption of NO metabolism
leads to psychiatric disorders [19]. Similarly, plasma arginase levels and activity are also
associated with psychiatric disorders, as arginase regulates NO metabolism [20]. Serum
arginase-1 (one of two iso-enzymes) levels were significantly associated with oxidative
stress, exhaled NO, and L-arginine in a healthy population [13–15] and were a significant
explanatory variable for job strain in healthy workers [21]. Although these results suggest
that blood arginase-1 levels could be an indicator of mental status in healthy individuals,
arginase-1 has not been explored in patients with chronic liver disease. Therefore, the
present cross-sectional study investigated the relationship between arginase-1 levels and
the mental status of patients with chronic liver disease.

2. Materials and Methods
2.1. Study Design

This cross-sectional study included outpatients with chronic liver disease at the hep-
atitis clinic of Okayama University Hospital between September 2018 and January 2019.
We finally analyzed 106 patients who completed the Japanese version of the General Health
Questionnaire-28 (GHQ-28) and in whom we could measure plasma arginase-1 levels to
determine the relationship between mental status and clinical parameters. The study was
conducted following the principles of the Declaration of Helsinki and was approved by
the ethical committees of Okayama University Graduate School of Medicine, Dentistry
and Pharmaceutical Sciences and Okayama University Hospital (#1611–04). All patients
provided written informed consent.

2.2. Sample Collection

Medical staff collected whole blood and plasma or serum samples simultaneously
from the participants in fasting state in the morning. All samples were stored at 4 ◦C
during their transfer to the clinical laboratory.

2.3. Biochemical and Blood Tests

The following parameters were evaluated using JCA-BM8040, JCA-BM6070 (JOEL Ltd.,
Akishima, Japan), and ADVIA 2120 (Hematology System, Siemens Healthcare Diagnostics)
instruments: white blood cell, neutrophil, lymphocyte, red blood cell, and platelet counts;
prothrombin time; and albumin, aspartate transaminase (AST), alanine transaminase (ALT),
γ-glutamyl transferase (GTP), lactate dehydrogenase (LDH), triglyceride, total cholesterol,
low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
uric acid, blood urea nitrogen, creatinine, and hemoglobin A1c (HbA1c) concentrations.
Plasma arginase-1 was measured using an enzyme-linked immunosorbent assay for human
liver-type arginase (BioVendor, Heidelberg, Germany) according to the manufacturer’s
protocol and was re-measured by gradual dilution if the values were saturated.

2.4. GHQ-28 Assessment of Stress Response in Outpatients with Chronic Liver Disease

We used the Japanese version of the GHQ-28, a self-administered screening ques-
tionnaire designed for use in primary care settings [22]. The questionnaire explores four
dimensions—somatic symptoms (GHQ-A), anxiety and insomnia (GHQ-B), social dys-
function (GHQ-C), and depression (GHQ-D)—with a list of 28 items, each one rated on a
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4-point Likert-type scale: “not at all”, “no more than usual”, “rather more than usual”, and
“much more than usual”. We used two scoring methods: “not at all” = 0, “no more than
usual” = 0, “rather more than usual” = 1, and “much more than usual” = 1.

2.5. Assessment of Liver Status

In order to compare the liver status of patients with various etiologies, we analyzed
the pathological data obtained from recent liver biopsy specimens (n = 93) assessed based
on the New Inuyama Classification [23]. The stage of fibrosis (F) was defined as follows: F0
(no fibrosis), F1 (fibrosis evident as portal expansion), F2 (bridging fibrosis), F3 (bridging
fibrosis with lobular distortion), or F4 (cirrhosis). Disease activity (A) was defined as
follows: A0 (no necro-inflammatory reaction), A1 (mild necro-inflammatory reaction), A2
(moderate necro-inflammatory reaction), and A3 (severe necro-inflammatory reaction). We
also analyzed the data of liver stiffness measurements (n = 52) obtained from transient
elastography via FibroScan® within one year [24].

2.6. Statistical Analysis

Associations with each scale score and the outpatient variables were examined using
Spearman’s rank correlation coefficients to identify factors related to mental status evalu-
ated in the GHQ-28. One-way ANOVA was used for the comparison of each liver etiology
for GHQ score and arginase-1. Binominal logistic regression analysis was conducted using
major background factors and the parameters that had significant associations (p < 0.05) in
the analysis with the GHQ-28 score as the dependent variables. Statistical analysis was
performed using Graph Pad Prism 5 (Graph Pad Software Inc., San Diego, CA, USA) and
PASW Statistics 18.0 (SPSS Inc., Chicago, IL, USA).

3. Results

Among 114 patients who participated, 8 were excluded (6 with insufficient blood
samples for plasma arginase-1 measurement and 2 with incomplete questionnaires). Thus,
106 outpatients were analyzed. Their etiologies of liver disease, liver status, and clinical
characteristics are shown in Tables 1 and 2 and in Supplementary Tables S1 and S2. Regard-
ing patient characteristics, 42% were male, and the mean (± SD) age was 61.1 (±13.2) years.
Among all patients, 35 (33%) had the hepatitis B virus and 37 (35%) had the hepatitis C virus
(one patient was co-infected). Four patients presented histologically confirmed cirrhosis
(F4). Although the mean of the liver stiffness measurements of 52 patients was 6.379 kPa,
the measurements of 5 patients were above 12.5 kpa, which is the standard value for the
diagnosis of cirrhosis [24]. Twelve patients had diabetes mellitus, 33 had hypertension, and
29 had dyslipidemia in addition to chronic liver disease. Fifty participants followed an
exercise routine, 32 were drinkers, and 25 were smokers. The mean total GHQ-28 score
was 5.08 ± 4.43 using the two scoring methods. The mean values of blood parameters,
including liver inflammation and fibrosis, such as ALT, platelet counts, and prothrombin
time, were all within the normal ranges.

Table 1. The etiologies and fibrosis stages of liver disease among the patients.

Characteristic Number (%)

Total a 106

Male 44 (41.5)

Hepatitis B virus 35 (33.0)

Hepatitis C virus 37 (34.9)

Autoimmune hepatitis 8 (7.5)

Primary biliary cholangitis 11 (10.4)

NAFLD b 7 (6.6)

Others 10 (9.4)
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Table 1. Cont.

Characteristic Number (%)

Liver biopsy (Fibrosis stage c) 93

F0 69 (74.1)

F1 12 (12.9)

F2 3 (3.2)

F3 5 (5.4)

F4 4 (4.3)
a One patient presented co-infection of hepatitis B and C viruses, and another presented an overlap of primary
biliary cholangitis and autoimmune hepatitis. b NAFLD, non-alcoholic fatty liver disease. c Fibrosis stages are
based on the New Inuyama Classification. Degree of fibrosis (F): F0 (no fibrosis), F1 (fibrosis evident as portal
expansion), F2 (bridging fibrosis), F3 (bridging fibrosis with lobular distortion), F4 (cirrhosis).

Table 2. Patient clinical measurements.

Variable Mean ± SD n

GHQ-A score (somatic symptoms) 2.01 ± 1.83 106

GHQ-B score (anxiety/insomnia) 2.15 ± 1.8 106

GHQ-C score (social dysfunction) 0.53 ± 1.1 106

GHQ-D score (depression) 0.38 ± 1.21 106

GHQ-Total score 5.08 ± 4.43 106

Variable Unit Mean ± SD n

Age years 61.1 ± 13.2 105

Height cm 161 ± 9.04 98

Bodyweight kg 60.35 ± 12.5 99

BMI 23.28 ± 4.01 98

White blood cell /µL 4800 ± 1560 105

Neutrophil % 56.9 ± 10.40 93

Lymphocyte % 33.1 ± 9.63 93

Red blood cell ×106/µL 4.4 ± 0.50 105

Platelet ×104/µL 21 ± 8.81 105

Albumin g/dL 4.21 ± 0.37 106

Prothrombin time % 101 ± 16.5 64

AST U/L 26.9 ± 12.7 106

ALT U/L 22.7 ± 20.2 106

GTP U/L 51.1 ± 95.8 105

LDH U/L 195 ± 36.8 105

Triglycerides mg/dL 104 ± 61.2 88

Total cholesterol mg/dL 202 ± 37.3 100

HDL-c mg/dL 66 ± 19.2 78

LCL-c mg/dL 120 ± 30 85

Uric acid mg/dL 5.21 ± 1.49 101

Blood urea nitrogen mg/dL 15.5 ± 6.97 106

Creatinine mg/dL 0.93 ± 1.78 101

HbA1c % 5.5 ± 0.61 85

Arginase-1 ng/mL 27.48 ± 52.78 106

Liver stiffness kPa 6.379 ± 4.63 52
GHQ, General Health Questionnaire; BMI, body mass index; AST, aspartate transaminase; ALT, alanine transam-
inase; GTP, γ-glutamyl transferase; LDH, lactate dehydrogenase; HDL, high-density lipoprotein cholesterol;
LDL, low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c. Liver stiffness was examined by transient
elastography via FibroScan®.
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A significant inverse correlation was observed between the GHQ-total score and
arginase-1 or creatinine levels in the Spearman’s correlation coefficient analysis (Table 3).
For each item in the GHQ, a significant positive correlation was observed between GHQ-D
and white blood cells (WBCs), whereas significant negative correlations were observed
between GHQ-A and arginase-1 or creatinine and between GHQ-C and age. Moreover, sig-
nificant correlations were observed between arginase-1 and sex, neutrophil-to-lymphocyte
ratio, and creatinine level, in addition to GHQ-total and GHQ-A. There was no significant
correlation observed between liver status and arginase-1 or GHQ score. No differences
were observed in patients among hepatitis B and C viruses (HBV, HCV) and others (non-
HBV and non-HCV) for arginase-1 and GHQ score (Supplementary Table S3). Although
the patients’ comorbidities, smoking habit, and alcohol drinking did not have a significant
correlation with any GHQ score, exercise habit was significantly negatively correlated
with GHQ-A and GHQ-C scores (Supplementary Table S4). The results of a multivariate
binomial logistic regression analysis to evaluate the association between the GHQ-total
score or GHQ-A score and arginase-1 are shown in Table 4. In the sex- and age-adjusted
analysis, patients with higher plasma arginase-1 levels tended to have a lower stress re-
sponse (P-trend < 0.004); the odds ratio (OR) (95% confidence interval (CI)) was 0.129
(0.034–0.486) when comparing the top and bottom quartiles (Q4 vs. Q1). After further
adjusting for body mass index (BMI), white blood cell count, neutrophil-to-lymphocyte
ratio (NLR), red blood cell count, platelet count, albumin concentration, ALT concentration,
creatinine concentration, and exercise habit, the OR remained significant (P-trend = 0.005)
but was attenuated to 0.081. Similarly, a significant inverse association was observed
between GHQ-A and arginase-1, in which a higher plasma concentration of arginase-1 was
associated with significantly lower GHQ-A score (P-trend < 0.012). The adjusted OR (95%
CI) for Q4 vs. Q1 was 0.030 (0.020–0.820) in multivariate-adjusted Model 3.

Table 3. Spearman’s correlation of each GHQ score and arginase-1 with several clinical parameters.

Variable
GHQ-A GHQ-B GHQ-C GHQ-D GHQ-Total Arginase-1

r P r P r P r P r P r P

Sex (M/F) 0.131 0.18 0.084 0.390 0.105 0.286 −0.126 0.198 0.096 0.326 −0.219 0.026

Age 0.127 0.137 −0.174 0.075 −0.305 0.002 −0.141 0.153 −0.177 0.072 0.121 0.218

BMI 0.02 0.843 −0.12 0.24 0.022 0.827 0.171 0.092 −0.035 0.730 0.008 0.934

White blood cell 0.066 0.503 0.063 0.526 −0.021 0.835 0.202 0.039 0.096 0.330 0.036 0.713

NLR 0.094 0.369 −0.027 0.977 0.025 0.815 0.086 0.411 0.057 0.590 0.282 0.0062

Red blood cell −0.068 0.492 −0.069 0.487 −0.028 0.774 0.101 0.307 −0.059 0.550 0.044 0.653

Platelet 0.124 0.209 0.137 0.164 0.102 0.299 0.124 0.206 0.193 0.049 −0.110 0.27

Albumin 0.028 0.777 0.123 0.209 −0.156 0.110 0.063 0.520 0.113 0.251 −0.008 0.932

ALT −0.006 0.802 0.071 0.472 0.123 0.208 0.165 0.090 0.081 0.408 0.051 0.605

Prothrombin time −0.055 0.668 0.018 0.888 −0.229 0.069 −0.056 0.658 0.016 0.897 0.184 0.145

Creatinine −0.292 0.003 −0.152 0.121 −0.181 0.064 −0.006 0.951 −0.256 0.008 0.247 0.011

Arginase 1 −0.339 <0.001 −0.090 0.361 −0.171 0.079 −0.014 0.884 −0.235 0.015 - -

Fibrosis stage −0.033 0.757 0.036 0.729 0.052 0.621 −0.024 0.816 0.056 0.591 0.163 0.119

Activity stage −0.032 0.761 0.024 0.816 0.01 0.924 −0.056 0.596 0.027 0.797 0.118 0.261

Liver stiffness 0.140 0.322 0.218 0.120 0.202 0.151 0.256 0.067 0.213 0.130 0.081 0.571

GHQ, General Health Questionnaire; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio; ALT, alanine transaminase; GHQ-A,
score of somatic symptoms; GHQ-B, score of anxiety/insomnia; GHQ-C, score of social dysfunction; GHQ-D score of depression; Significant
correlations (p < 0.05) are denoted in bold. Liver stiffness was examined by transient elastography via FibroScan®. Fibrosis and activity
stage are based on the New Inuyama Classification.
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Table 4. Odds for GHQ-Total and GHQ-A according to arginase-1 concentration.

Explanatory
Variable

Quartiles of Arginase-1 (Odds for GHQ-Total)
P Trend

Q1 Q2 Q3 Q4

Model 1 1 0.504 (0.168–1.511) 0.546 (0.184–1.619) 0.140 (0.040–0.489) 0.003

Model 2 1 0.451 (0.142–1.438) 0.573 (0.190–1.731) 0.129 (0.034–0.486) 0.004

Model 3 1 0.391 (0.085–1.709) 0.327 (0.082–1.310) 0.081 (0.014–0.471) 0.005

Model 1: Odds for GHQ-Total according to arginase-1 with no adjustment.

Model 2: Odds for GHQ-Total according to arginase-1 adjusted for age and sex.

Model 3 (N = 85): Odds for GHQ-Total according to arginase-1 adjusted for age, sex, BMI, WBCs, NLR, RBCs, platelets, albumin,
ALT, creatinine, and exercise habit.

Explanatory
variable

Quartiles of arginase-1 (Odds for GHQ-A)
P trend

Q1 Q2 Q3 Q4

Model 1 1 0.790 (0.264–2.335) 0.308 (0.095–1.002) 0.140 (0.034–0.581) 0.002

Model 2 1 0.883 (0.277–2.820) 0.294 (0.087–0.994) 0.169 (0.038–0.744) 0.006

Model 3 1 0.642(0.136–3.040) 0.241 (0.056–1.038) 0.030 (0.020–0.820) 0.012

Model 1: Odds for GHQ-A according to arginase-1 with no adjustment.

Model 2: Odds for GHQ-A according to arginase-1 adjusted for age and sex.

Model 3 (N = 85): Odds for GHQ-A according to arginase-1 adjusted for age, sex, BMI, WBCs, NLR, RBCs, platelets, albumin, ALT,
creatinine, and exercise habit.

GHQ, General Health Questionnaire; BMI, body mass index; WBCs, white blood cells; NLR, neutrophil-to-lymphocyte ratio; RBCs,
red blood cells; ALT, alanine transaminase. Q1, Q2, Q3, Q4: Quartiles of log10 format of arginase-1 with ranges of ≤0.775610400 (Q1),
0.775610401–1.126996 (Q2), 1.169996001–1.389166 (Q3), and ≥1.389166001 (Q4). Significant correlations (p < 0.05) are denoted in bold.

4. Discussion

To our knowledge, this is the first report to assess plasma arginase-1 for the screening
of mental status in outpatients with chronic liver disease.

In this study, the lower the arginase-1 level, the more severe the somatic symptoms.
Several studies have reported an association between chronic liver disease and somatic
symptoms [8–12]. One of the most common and incapacitating symptoms experienced,
especially in patients with hepatitis C, is depression-induced fatigue and somatic com-
plaints [25,26]. Although no study has directly described the involvement of arginase-1
with physical symptoms, it is similar to the negative relationship previously reported be-
tween workload and arginase-1 in healthy adults [21]. Plasma arginase-1 accounts for most
of the plasma arginase activity and regulates the metabolism of L-arginine and NO [18].
Mental stress increases the levels of adrenocortical hormones and decreases arginase-1 ex-
pression. Although more detailed studies are needed, there may be an association between
physical symptoms and NO metabolism [27].

It is known that cirrhosis impairs mental status due to hepatic encephalopathy [28].
In this study, the patients were not examined for hepatic encephalopathy. However, con-
sidering that all outpatients were examined by two hepatologists, wrote a statement of
understanding and consent for the study, and answered the GHQ questionnaire, they at
least did not have overt hepatic encephalopathy. Hence, the patients could be considered as
either subclinical hepatic encephalopathic or normal. Since subclinical hepatic encephalopa-
thy might affect the GHQ score, a detailed evaluation of subclinical hepatic encephalopathy
is desirable. In addition, arginase is an enzyme related to ammonia metabolism [18], and its
relationship with subclinical hepatic encephalopathy and GHQ score needs to be analyzed
in more detail, which is a subject for further study [29,30]. Regarding the diagnosis of
cirrhosis in this study, eight patients were diagnosed as having cirrhosis based on stage 4
liver fibrosis or a liver stiffness measurement of >12.5 kPa [24]. Three more patients could
be added to this list if we consider suspected cirrhosis, determined via the following crite-
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ria: prothrombin time (PT)% less than 70% or albumin concentration less than 3.5 g/dL,
total bilirubin concentration more than 2 mg/dL (more than 4 mg/dL for primary biliary
cholangitis), or platelet count less than 100,000/µL [31]. Since we did not confirm the
presence of hepatic encephalopathy and ascites, this was not a correct assessment, but
11 patients were suspected to have cirrhosis in this study. A statistical comparison of the
arginase-1 and GHQ scores of the two groups (11 suspected cirrhosis patient group and
other group) showed no significant difference. These results were not consistent with those
of previous studies [12,32]. This might be due to insufficiency of the sample size of cirrhotic
patients in this study.

Assessing the physical and mental health of patients with chronic liver disease is as
important as treating the disease [12,33]. In addition to controlling the disease state, various
factors are known to affect the quality of life of patients with chronic liver disease [34].
The presence of chronic liver disease itself was reported to be the cause of psychological
problems [35]. Although the mechanisms of how mental stress affects physical symptoms
are still unclear, this relationship is considered to be another important factor [36]. Low
levels of chronic inflammation, as indicated by C-reactive protein (CRP) or Interleukin-6
(IL-6), have been reported as a factor explaining this relationship, but the mechanism is
not fully understood [16,17]. Therefore, questionnaires such as the GHQ, Short Form 36
(SF-36), and the Chronic Liver Disease Questionnaire (CLDQ) have been used to assess the
mental status of patients, but their use in daily practice is cumbersome [37,38]. Studies have
assessed cortisol and blood ammonia levels in the saliva and hair of patients with chronic
liver disease to identify a simple method for assessing patient mental status that can be
used in daily practice; however, these assessments have not been applied clinically [39,40].
Plasma arginase-1 may be more useful for measuring the mental status of patients with
chronic liver disease because it is relatively stable during the day and can be measured
with routine blood tests.

The limitations of this study included the small sample size and the fact that it was a
single-center study. Although previous studies reported an association between smoking
habit or alcohol drinking and GHQ score [41], no significant correlation was observed
between any GHQ score and these lifestyle factors or comorbidities in this study. We also
did not find differences in any GHQ score with regard to etiology of liver disease. However,
when we examined the correlations of GHQ split scores with exercise habit, GHQ-A and
GHQ-C were significantly correlated. These results were consistent with another report [42].
If the sample size had been larger, similar results may have been obtained for smoking
habit or alcohol drinking. Second, this study did not include a control group. Patients
with chronic liver disease reportedly have compromised mental health compared with
healthy individuals. When assessing GHQ score, it is difficult to make simple comparisons
with other healthy individuals because there is so much variability among the target
populations [43,44]. Third, there are limited research data on human plasma arginase-1
levels; thus, there are no standards. Although it was not a formal comparison, the plasma
arginase-1 levels in this study tended to be slightly higher than those of healthy individuals
of the same age group reported previously [13]. While plasma arginase-1 was reported
to be an indicator of liver damage [45], no significant association was observed between
levels of plasma arginase-1 and liver enzymes such as ALT in the present study. These
differences may be related to the fact that the liver enzymes among the subjects in our
study were within the normal ranges, except for γ-GTP, which exceeded the upper limit of
normal. Therefore, plasma arginase-1 may be of extrahepatic origin [46,47].

Despite these limitations, it is important to identify indicators for monitoring mental
status in patients with chronic liver disease [48,49]. Plasma arginase-1 may be useful for
screening the mental status of outpatients with chronic liver disease.

Supplementary Materials: The following are available online at https://www.mdpi.com/2075-441
8/11/2/317/s1, Table S1: The patients’ sex, comorbidities, and life styles. Table S2: Liver status in
each etiology of liver disease among the patients. Table S3: Differences between GHQ scores and
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etiology of liver disease analyzed by one-way ANOVA. Table S4: Spearman’s correlation between
GHQ scores, comorbidity, and life styles.

Author Contributions: Conceptualization, F.I. and K.O.; formal analysis, K.O.; investigation, S.N.,
N.O., S.O., T.N. and F.I.; writing—original draft preparation, N.O.; writing—review and editing,
K.O.; supervision, F.I.; project administration, H.O., S.H., K.O., and N.S.; funding acquisition, K.O.
All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by Micro Blood Science Inc., Tokyo, Japan.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Okayama University
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences and Okayama University
Hospital (#1611–04).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to the possibility of identifying certain
members of the population.

Acknowledgments: We express our sincere gratitude to Yuki Harada for her contributions to
this study.

Conflicts of Interest: Tomoaki Nishimura is an employee of Micro Blood Science Inc., Tokyo, Japan.
The other authors declare no conflicts of interest.

References
1. Epel, E.S.; Crosswell, A.D.; Mayer, S.E.; Prather, A.A.; Slavich, G.M.; Puterman, E.; Mendes, W.B. More than a feeling: A unified

view of stress measurement for population science. Front. Neuroendocrinol. 2018, 49, 146–169. [CrossRef] [PubMed]
2. Hammen, C. Stress and depression. Annu. Rev. Clin. Psychol. 2005, 1, 293–319. [CrossRef]
3. Cohen, S.; Gianaros, P.J.; Manuck, S.B. A Stage Model of Stress and Disease. Perspect. Psychol. Sci. 2016, 11, 456–463. [CrossRef]

[PubMed]
4. Morris, G.; Berk, M.; Maes, M.; Carvalho, A.F.; Puri, B.K. Socioeconomic Deprivation, Adverse Childhood Experiences and

Medical Disorders in Adulthood: Mechanisms and Associations. Mol. Neurobiol. 2019, 56, 5866–5890. [CrossRef] [PubMed]
5. Stratakis, C.A.; Chrousos, G.P. Neuroendocrinology and pathophysiology of the stress system. Ann. N. Y. Acad. Sci. 1995, 771,

1–18. [CrossRef] [PubMed]
6. Adam, E.K.; Quinn, M.E.; Tavernier, R.; McQuillan, M.T.; Dahlke, K.A.; Gilbert, K.E. Diurnal cortisol slopes and mental and

physical health outcomes: A systematic review and meta-analysis. Psychoneuroendocrinology 2017, 83, 25–41. [CrossRef]
7. Mortazavi, S.S.; Shati, M.; Ardebili, H.E.; Mohammad, K.; Beni, R.D.; Keshteli, A.H. Comparing the Effects of Group and

Home-based Physical Activity on Mental Health in the Elderly. Int J Prev Med. 2013, 4, 1282–1289.
8. Foster, G.R.; Goldin, R.D.; Thomas, H.C. Chronic hepatitis C virus infection causes a significant reduction in quality of life in the

absence of cirrhosis. Hepatology 1998, 27, 209–212. [CrossRef]
9. Huang, X.; Liu, X.; Yu, Y. Depression and Chronic Liver Diseases: Are There Shared Underlying Mechanisms? Front. Mol.

Neurosci. 2017, 10, 134. [CrossRef]
10. Younossi, Z.M.; Stepanova, M.; Lawitz, E.J.; Reddy, K.R.; Wai-Sun, W.V.; Mangia, A.; Muir, A.J.; Jacobson, I.; Djedjos, C.S.; Gaggar,

A.; et al. Patients With Nonalcoholic Steatohepatitis Experience Severe Impairment of Health-Related Quality of Life. Am. J.
Gastroenterol. 2019, 114, 1636–1641. [CrossRef]

11. Soto-Angona, Ó.; Anmella, G.; Valdés-Florido, M.J.; De Uribe-Viloria, N.; Carvalho, A.F.; Penninx, B.W.J.H.; Berk, M. Non-
alcoholic fatty liver disease (NAFLD) as a neglected metabolic companion of psychiatric disorders: Common pathways and
future approaches. BMC Med. 2020, 18, 261. [CrossRef]

12. Russ, T.C.; Kivimäki, M.; Morling, J.R.; Starr, J.M.; Stamatakis, E.; Batty, G.D. Association Between Psychological Distress and
Liver Disease Mortality: A Meta-analysis of Individual Study Participants. Gastroenterology 2015, 148, 958–966.e4. [CrossRef]

13. Ogino, K.; Takahashi, N.; Takigawa, T.; Obase, Y.; Wang, D.H. Association of serum arginase I with oxidative stress in a healthy
population. Free Radic. Res. 2011, 45, 147–155. [CrossRef] [PubMed]

14. Ogino, K.; Wang, D.H.; Kubo, M.; Obase, Y.; Setiawan, H.; Yan, F.; Takahashi, H.; Zhang, R.; Tsukiyama, Y.; Zou, Y. Association of
serum arginase I with L-arginine, 3-nitrotyrosine, and exhaled nitric oxide in healthy Japanese workers. Free Radic. Res. 2014, 48,
137–145. [CrossRef]

15. Ogino, K.; Murakami, I.; Wang, D.H.; Tsukiyama, Y.; Takahashi, H.; Kubo, M.; Sakano, N.; Sitiawan, H.; Bando, M.; Ohmoto,
T. Evaluation of serum arginase I as an oxidative stress biomarker in a healthy Japanese population using a newly established
ELISA. Clin. Biochem. 2013, 46, 1717–1722. [CrossRef] [PubMed]

http://doi.org/10.1016/j.yfrne.2018.03.001
http://www.ncbi.nlm.nih.gov/pubmed/29551356
http://doi.org/10.1146/annurev.clinpsy.1.102803.143938
http://doi.org/10.1177/1745691616646305
http://www.ncbi.nlm.nih.gov/pubmed/27474134
http://doi.org/10.1007/s12035-019-1498-1
http://www.ncbi.nlm.nih.gov/pubmed/30685844
http://doi.org/10.1111/j.1749-6632.1995.tb44666.x
http://www.ncbi.nlm.nih.gov/pubmed/8597390
http://doi.org/10.1016/j.psyneuen.2017.05.018
http://doi.org/10.1002/hep.510270132
http://doi.org/10.3389/fnmol.2017.00134
http://doi.org/10.14309/ajg.0000000000000375
http://doi.org/10.1186/s12916-020-01713-8
http://doi.org/10.1053/j.gastro.2015.02.004
http://doi.org/10.3109/10715762.2010.520318
http://www.ncbi.nlm.nih.gov/pubmed/20942574
http://doi.org/10.3109/10715762.2013.842979
http://doi.org/10.1016/j.clinbiochem.2013.08.012
http://www.ncbi.nlm.nih.gov/pubmed/24005081


Diagnostics 2021, 11, 317 9 of 10

16. Lin, Y.H.; Jen, M.H.; Chien, K.L. Association between life-course socioeconomic position and inflammatory biomarkers in older
age: A nationally representative cohort study in Taiwan. BMC Geriatr. 2017, 17, 201. [CrossRef] [PubMed]

17. Marco, D.G.; Steven, W.G. Rethinking IL-6 and CRP: Why they are more than inflammatory biomarkers, and why it matters.
Brain, Behavior Immunity. 2018, 70, 61–75. [CrossRef]

18. Caldwell, R.W.; Rodriguez, P.C.; Toque, H.A.; Narayanan, S.P.; Caldwell, R.B. Arginase: A multifaceted enzyme important in
health and disease. Physiol. Rev. 2018, 98, 641–665. [CrossRef] [PubMed]

19. Dhir, A.; Kulkarni, S.K. Nitric oxide and major depression. Nitric. Oxide. 2011, 24, 125–131. [CrossRef]
20. Elgün, S.; Kumbasar, H. Increased serum arginase activity in depressed patients. Prog. Neuropsychopharmacol. Biol. Psychiatry.

2000, 24, 227–232. [CrossRef]
21. Ogino, K.; Ito, T.; Eguchi, E.; Nagaoka, K. Association of arginase I or nitric oxide-related factors with job strain in healthy

workers. PLoS ONE 2017, 12, e0175696. [CrossRef]
22. Goldberg, D.P.; Hillier, V.F. A scaled version of the General Health Questionnaire. Psychol. Med. 1979, 9, 139–145. [CrossRef]
23. Ichida, F.; Tsuji, T.; Omata, M.; Ichida, T.; Inoue, K.; Kamimura, T.; Yamada, G.; Hino, K.; Yokosuka, O.; Suzuki, H. New Inuyama

classification: New criteria for histological assessment of chronic hepatitis. Int. Hepatol. Commun. 1996, 6, 112–119. [CrossRef]
24. Castéra, L.; Vergniol, J.; Foucher, J.; Bail, B.L.; Cahnteloup, E.; Hasser, M.; Darriet, M.; Couzigou, P.; De Lédinghen, V. Prospective

comparison of transient elastography, Fifrotest, AORI, and liver biopsy for the assessment of fibrosis in chronic hepatitis C.
Gastronterology 2005, 128, 343–350. [CrossRef] [PubMed]

25. Lee, D.H.; Jamal, H.; Regenstein, F.G.; Perrillo, R.P. Morbidity of chronic hepatitis C as seen in a tertiary care medical center. Dig.
Dis. Sci. 1997, 42, 186–191. [CrossRef]

26. Sockalingam, S.; Blank, D.; Al, J.A.; Alosaimi, F.; Hirschfield, G.; Abbey, S.E. A comparison of depression screening instruments in
hepatitis C and the impact of depression on somatic symptoms. Psychosomatics 2011, 52, 433–440. [CrossRef]

27. Mommersteeg, P.M.; Schoemaker, R.G.; Eisel, U.L.; Garrelds, I.M.; Schalkwijk, C.G.; Kop, W.J. Nitric oxide dysregulation in
patients with heart failure: The association of depressive symptoms with L-arginine, asymmetric dimethylarginine, symmetric
dimethylarginine, and isoprostane. Psychosom Med. 2015, 77, 292–302. [CrossRef] [PubMed]

28. Hadjihambi, A.; Arias, N.; Sheikh, M.; Jalan, R. Hepatic encephalopathy: A critical current review. Hepatol Int. 2018, 12, 135–147.
[CrossRef]

29. Suraweera, D.; Sundaram, V.; Saab, S. Evaluation and Management of Hepatic Encephalopathy: Current Status and Future
Directions. Gut Liver 2016, 10, 509–519. [CrossRef] [PubMed]

30. Wunsch, W.; Szymanik, B.; Post, M.; Marlicz, W.; Mydłowska, M.; Milkiewicz, P. Minimal hepatic encephalopathy does not impair
health-related quality of life in patients with cirrhosis: A prospective study. Liver Int. 2011, 31, 980–984. [CrossRef]

31. Mitsuka, Y.; Midorikawa, Y.; Abe, H.; Matsumoto, N.; Moriyama, M.; Haradome, H.; Sugitani, M.; Tsuji, S.; Takayama, T. A
prediction model for the grade of liver fibrosis using magnetic resonance elastography. BMC Gastroenterology 2017, 17, 133.
[CrossRef]
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