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Background: Major depressive disorder (MDD) and suicide are two major health problems,
but there are still no objective methods to diagnose MDD or suicidal ideation (SI). This study
was conducted to identify potential biomarkers for diagnosing MDD patients with SI.
Methods: First-episode drug-naive MDD patients with SI and demographics-matched
healthy controls (HCs) were recruited. First-episode drug-naive MDD patients without SI
were also included. The serum lipids, C-reactive protein (CRP), transferring (TRSF), homo-
cysteine (HCY) and alpha 1-antitrypsin (AAT) in serum were detected. The univariate and
multivariate statistical analyses were used to identify and validate the potential biomarkers.
Results: The 86 HCs, 53 MDD patients with SI and 20 MDD patients without SI were
included in this study. Four potential biomarkers were identified: AAT, TRSF, high-density
lipoprotein cholesterol (HDLC), and apolipoprotein A1 (APOA1). After one month treat-
ment, the levels of AAT and APOA1 were significantly improved. The panel consisting of
these potential biomarkers had an excellent diagnostic performance, yielding an area under
the ROC curve (AUC) of 0.994 and 0.990 in the training and testing set, respectively.
Moreover, this panel could effectively distinguish MDD patients with SI from MDD patients
without ST (AUC=0.928).

Conclusion: These results showed that these potential biomarkers could facilitate the
development of an objective method for diagnosing MDD patients with SI, and the decreased
AAT levels in MDD patients might lead to the appearance of SI by resulting in the elevated
inflammation.
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Introduction
Major depressive disorder (MDD) is a common neuropsychological disease with
a persistent feeling of sadness and a loss of interest in activities. As the leading
cause of disability globally, it is estimated to affect about 6% of adults aged 18 or
older each year.' Nowadays, the pathogenesis of MDD is still unknown, although
many theories have been developed to reveal the underline biological mechanisms
of this disease.”* What is worse, MDD can significantly increase the risk of suicide
if it was not timely and effectively treated. Both MDD and suicide are major health
hazards, which bring big economic burden to individual and society.

The strong association between MDD and suicide has been proved by many
studies.>® The risk of suicide in MDD population is estimated at about 4%, and
over 50% of suicidal people meet the criteria of MDD.” Hawton et al reported that
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depression severity was a key suicide risk factor.®
Moreover, Gijzen et al viewed suicidal ideation (SI) as
a symptom of adolescent depression, and found that lone-
liness, one of the most central symptoms in the depression
network, was the most contributing factor of SL’
However, at present, no objective methods are available
to predict MDD, SI or MDD patients with SI. Thus, it is
urgently needed to develop an objective method for diag-
nosing MDD patients with SI.

Currently, the diagnosis of MDD patients with SI relies
on self-reported measures, such as questionnaires and inter-
views, rather than objective laboratory tests. But individuals
with MDD and/or SI are highly likely to hide their true
thoughts, resulting in a considerable error rate. To solve this
problem, many works have been done to identify potential
biomarkers for MDD patients with SL'°"'* Our previous
study found that the extrinsic coagulation pathway might be
a biomarker for suicidal behavior in MDD.'" Some
researchers proposed that the neural representations or
health records could be used to build the depression and
suicide risk prediction models.'*'® Just et al used the
machine-learning algorithms to separate suicidal ideators
from controls with an accuracy of 91%, based on their
altered neural signatures.'? Other researchers reported that
health records could also be used to predict the risk of
depression and suicide."® However, up to now, no biomar-
kers for diagnosing MDD patients with SI have been widely
accepted.

The alpha 1-antitrypsin (AAT) has anti-inflammatory
effects, and there is a close relationship between inflam-
mation and depression/suicide.'* Our previous study found
that the level of AAT was decreased in the blood of MDD
patients.'” In another study, we found that the peripheral
metabolic abnormalities of lipids might increase the risk of
suicidal behavior in MDD patients.'® Maes et al reported
that high-density lipoprotein cholesterol (HDLC) held the
promise to be a biomarker for depressed men with suicidal
behavior.'” Meanwhile, apolipoprotein A1 (APOA1) was
found to be decreased in post-stroke depression patients
compared to healthy controls (HCs).'"® In addition, pre-
vious study found the close relationship between transfer-
rin (TRSF) and MDD/suicide.'® Therefore, to identify
novel potential biomarkers for diagnosing MDD patients
with SI, in this study, we analyzed the differences of these
molecules in serum between MDD patients with SI
and HCs.

Patients and Methods
MDD Patients and HCs Enrolment

This study was approved by the Ethical Committee of
Chongging Medical University (Approved No. 20,200,320),
and conducted in accordance with the Declaration of Helsinki.
Three cohorts were recruited: 1) 86 HCs were recruited from
the Medical Examination Center, the First Affiliated Hospital
of Chongging Medical University; ii) 53 first-episode drug-
naive MDD patients with ST and iii) 20 first-episode drug-naive
MDD patients without SI were recruited from the Department
of Psychiatry, the First Affiliated Hospital of Chongqing
Medical University. We collected relevant data from the
included subjects: 1) Hamilton Rating Scale for Depression
(HDRS) and Beck Scale for Suicide Ideation-Chinese
Version (BSI-CV); ii) questionnaires about the history of
MDD or SI; iii) peripheral blood samples. Informed written
consent was obtained from all the included subjects. The
detailed information of the included subjects is displayed in
Table 1.

Two experienced psychiatrists conducted the MDD diag-
nosis using DSM-IV-TR criteria, and depression severity was
assessed using HDRS. Only the first-episode drug-naive MDD
patients with HDRS score >17 were enrolled. The definition of
ST in this study was: have passive wish for death or active non-
specific ideation, but never attempt suicide. BSI-CV was used
to assess the suicidal ideation severity. MDD patients meeting
the definition of SI and with BSI-CV score >10 were assigned
into the MDD patients with SI group, and MDD patients not
meeting the definition of SI and with BSI-CV score <10 were
assigned into the MDD patients without SI group. HCs had no
previous lifetime history of DSM-IV Axis VI, SI, suicide
attempts or behaviors, neurological, or systemic medical
illness.

MDD patients with other mental disorders (not include
anxiety disorder), other pathological organic diseases (eg,
cardio and metabolic diseases, inflammatory-related dis-
eases), alcohol abuse, receiving antidepressant therapy or
illicit drug use were excluded. Meanwhile, the previous
suicide attempts and suicide behavior were screened dur-
ing psychiatric evaluation, and MDD patients with pre-
vious suicide attempts or suicide behavior were also
excluded. It was essential to use the independent samples
to validate the identified biomarkers, thus the included
MDD patients with SI and HCs were randomly assigned
into two sets: training set (35 MDD patients with SI and
57 HCs) and testing set (18 MDD patients with SI and 29
HCs). Meanwhile, the 20 MDD patients without SI were
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Table | Baseline Data of MDD Patients and Healthy Controls
Variables HCs MDD Patients with SI MDD Patients without SI P-value
Number 86 53 20 -
Age 37.35(13.94) 32.34(14.43) 37.34(13.18) 0.11°
Sex (F/M) 52/34 33/20 12/8 0.97°
BMI (kg/m?) 23.09(2.14) 23.41(2.37) 24.61(1.81) 021
Education (years) [1.71(4.10) 11.91(3.45) 12.15(3.69) 0.90°
Smoke (Y/N) 26/60 16/37 4/16 0.68°
FHMI (Y/N) 5/81 3/50 1719 0.56°
Marital status (Y/N) 51/35 32/21 10/10 0.71°
HDRS scores 1.35(1.48) 32.34(8.50)* 26.80(7.11) * <0.00001°
BSI-CV scores 0.47(0.88) 12.64(2.65) * 7.55(1.43) # <0.00001°

Notes: *P-value was obtained from one-way analysis of variance; p-value>0.05 indicated that there was no significant difference in any group comparison, and p<0.05
indicated that there was significant difference in, at least, one group comparison. °P-value was obtained from chi-square test; p-value>0.05 indicated that there was no
significant difference in any group comparison, and p<0.05 indicated that there was significant difference in, at least, one group comparison. *HDRS scores and BSI-CV scores
were significantly higher in MDD with SI than in HCs or MDD without SI. #HDRS scores and BSI-CV scores were significantly higher in MDD without SI than in HCs.
Abbreviations: HCs, healthy controls; F, female; M, male; Y, yes; N, no; HDRS, Hamilton Depression Rating Scale; BMI, body mass index; MDD, major depressive disorder;
BSI-CV, Beck Scale for Suicide Ideation-Chinese Version; Sl, suicidal ideation; FHMI, family history of mental illness.

viewed as blind set to further assess the diagnostic perfor-
mance of the identified biomarkers.

Samples Collection

After overnight fasting, morning blood samples were
immediately collected after the psychiatric evaluation.
Blood samples were collected through venipuncture from
the included subjects. After centrifugation at 1500 rpm for
10 minutes at room temperature, the serum was obtained
and stored at —80°C until later analysis. After blood sam-
ples collection, a range of different treatments as part of
regular standard of care was provided to the included
MDD patients. The treatment method was antidepressants
plus family psychoeducation. The patients and their
families were told not to change the treatment method in
one month. Finally, only 20 of the included MDD patients
with SI were willing to receive this treatment method and
successfully provided blood samples after one-month
treatment. The rest of included MDD patients refused to
receive this treatment method or failed to provide blood
samples after one-month treatment.

Biochemical Indicators Detecting

The following biochemical indicators were detected in this
study: total Cholesterol (TC), triglyceride (TG), HDLC, low-
density lipoprotein cholesterol (LDLC), APOA1, apolipo-
protein B (APOB), lipoprotein a (LPA), hypersensitive
C-reactive protein (CRP), TRSF, homocysteine (HCY), and
AAT. The commercially available enzymatic colorimetric
assays (TC, TG, HDLC, LDLC, APOA1l, APOB, LPA,
CRP, and TRSF were purchased from Roche Diagnostics,

Switzerland; HCY were purchased from Jiugiang, Beijing;
AAT were purchased from DIALAB diagnostic, Austria) and
an automated analyzer system (Cobas 8000 modular device
Roche Diagnostics, Switzerland) were used.

Statistical Analysis

Statistical analyses were carried out using R studio (ver-
sion 3.5.2), SPSS version 18 (SPSS, Chicago, IL, US) and
SIMCA-P14.0. The Student’s #-test, chi-square test, one-
way analysis of variance, Pearson correlation analysis or
paired t-test was used when appropriate. The orthogonal
partial least-squares discriminant analysis (OPLS-DA) was
used to find the biochemical indicators with variable
importance in projection (VIP)>1.0. The Random Forest
was then used to obtain a simplified biomarker panel from
these biochemical indicators with VIP>1.0. Finally, the
diagnostic performance of the identified biomarker panel
was assessed using the receiver-operating characteristic
(ROC) curve analysis.”>*' A p-value <0.05 was consid-
ered to be statistically significant.

Results
OPLS-DA Model Built

To ensure that the identified potential biomarkers were not
influenced by antidepressants, the first-episode drug-naive
MDD patients with SI were chosen. The OPLS-DA model
built with training set showed that the MDD patients with
SI were obviously separated from HCs with no overlap
(R*Y cum=0.74, Q*=5 0.70, Figure 1A). The positive
values of R?Y and Q® demonstrated that there was
a robust difference among those detected biochemical
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Figure | Discrimination model built using MDD patients with SI and HCs in training set: (A) The built OPLS-DA model showing an obvious separation between MDD
patients with Sl (red dot) and HCs (green dot); (B) 399-iteration permutation test showed that the model was valid, as the Q2 and R2 values yielded by the permutation test

(bottom left) were significantly lower than their original values (top right).

indicators between MDD patients with SI and HCs.
Moreover, the results of 399-permutation test showed
that the original R*Y and Q? values were higher than
their corresponding permutated values (Figure 1B), further
suggesting the valid of built OPLS-DA model.

OPLS-DA Model Validation

To independently assess the diagnostic performance of the
built model, we used the testing set to test it. The T-predicted

A o

@ MDD patients with SI in training set
@ HCs in training set

34

scatter plot from the built OPLS-DA model showed that 26
of the 29 HCs from the testing set and all MDD patients with
SI from the testing set were correctly predicted (Figure 2A).
Meanwhile, to determine whether the built OPLA-DA
model was relatively specific to MDD patients with SI
versus MDD patients without SI, we recruited 20 MDD
patients without SI as a blind set to further test it. The results
showed that only 4 of 20 MDD patients without SI were
wrongly diagnosed as MDD patients with SI (Figure 2B).

@ MDD patients with SI in training set

toPS[1]
S

® HCs in testing set
©® MDD patients with STin testing set

-4

toPS[1]

@®MDD patients without SIin blind set

-4 3 2 -1 tPS[1] 1 2 3

-4

-4 3 2 -1 tPS[1] 1 2 3

Figure 2 T-predicted scatter plot from the OPLS-DA model: (A) both MDD patients with SI (lemon dot) and HCs (purple dot) from testing set could be correctly
predicted; (B) the model was effective in distinguishing MDD patients with Sl (red dot) from MDD patients without SI (blue dot).
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Identification of Differential Biochemical

Indicators

The corresponding OPLS-DA loading plot was analyzed to
systematically identify the differential biochemical indicators
responsible for the discrimination between MDD patients with
SI and HCs. After adjusting for age, body mass index (BMI),
sex, education, HDRS score and BSI-CV score, four biochem-
ical indicators with VIP>1.0 were identified: AAT (VIP=1.69),
HDLC (VIP=1.31), APOAl (VIP=147) and TRSF
(VIP=1.27). As compared to HCs, MDD patients with SI
were characterized by lower levels of AAT, HDLC, APOALI
and TRSF. The univariate statistical analysis was then used to
validate the differences identified by multivariate statistical
analysis; all of these biochemical indicators with VIP>1.0
remained significantly changed (Figure 3A). Meanwhile, we
found that compared to MDD patients without SI, AAT
(p=0.0015) and TRSF (p=2.49E-5) were significantly lower
in MDD patients with SI. After one-month treatment, the
results of paired #-test showed that all of these differential
biochemical indicators were increased, but only the increases
of AAT (p=7.86E-7) and APOA1 (p=0.011) were significant.
Meanwhile, the HDRS score and BSI-CV score were signifi-
cantly decreased after one-month treatment (Figure 3B). The
15 of 20 MDD patients receiving treatment met the response
criteria (at least 50% reduction in HDRS score after treat-
ment), and there were no significant differences in those four

biomarkers between responders and non-responders. Limited
by the small samples (15 responders vs 5 non-responders),
these results were needed further validation.

Identification and Validation of Biomarker

Panel

The Random Forest was used to obtain a biomarker panel
consisting of these identified differential biochemical indica-
tors. In the training set, the biomarker panel could effectively
distinguish MDD patients with SI from HCs with an area under
the ROC curve (AUC) of 0.994 (95% confidence interval (CI)
=0.984-1.000) (Figure 4). Secondly, the biomarker panel was
used to independently classify the samples from the testing set.
The ROC analysis yielded an AUC of 0.990 (95% CI = 0.-
969-1.000) in separating MDD patients with SI from HCs
(Figure 4). Finally, a blind set (20 MDD patients without SI)
was used to further assess the diagnostic performance of this
panel in discriminating MDD patients with SI from MDD
patients without SI, and the ROC analysis yielded an AUC of
0.928 (95% CI= 0.846-1.000) (Figure 4).

Correlation Analysis in MDD Patients
with Sl

Correlation analyses between age, BMI, education, HDRS
score, BSI-CV score and the detected biochemical indicators
were conducted. The results showed that the age was

A .HCS . MDD patients with SI .MDD patients without SI
160+ osiis 37 p=2.58E-5 37 p=1.66E-14 57 p=5.65E-11
— 0.022 0.0007 4 009
_ p=0. p=0. 1
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Figure 3 Potential biomarkers for diagnosing MDD patients with Sl: (A) the differences of these four potential biomarkers among the three groups; (B) the levels of
potential biomarkers in the 20 MDD patients with S| were increased after one-month treatment, and both HDRS score and BSI-CV score were also significantly improved.
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Figure 4 Diagnostic performances of these potential biomarkers. The panel consisting of these potential biomarkers yielded the excellent diagnostic performances with

AUC>9.0 in training set, testing set and blind set.

significantly positively correlated with TC (r=0.34, p=0.014)
and APOB (r=0.42, p=0.002), and significantly negatively
correlated with TRSF (r=—0.39, p=0.005). The education
was significantly negatively correlated with LPA (=—0.31,
p=0.026). We also found that there was a significantly posi-
tive correlation between HDRS score and BSI-CV score
(r=0.33, p=0.014); the HDRS score was also significantly
positively correlated with TC (1=0.33, p=0.014), and signifi-
cantly negatively correlated with AAT (r=0.42, p=0.002).
The BSI-CV was significantly negatively correlated with
AAT (=-0.32, p=0.020).

Discussion

MDD can significantly increase the risk of suicide for
individuals. Currently, the bottleneck in clinical diagnosis
of MDD patients with SI is the lack of biomarkers to
support objective laboratory-based testing. Here, four
potential biomarkers (AAT, HDLC, APOA1 and TRSF)
were identified. The panel consisting of AAT, HDLC,
APOAL1 and TRSF was identified as an effective diagnos-
tic tool, yielding an AUC of 0.994 and 0.990 in the train-
ing and testing set, respectively. Moreover, this panel
could effectively separate MDD patients with SI from
MDD patients without SI (AUC=0.928). These results
suggested that these potential biomarkers could aid in the
development of objective methods for diagnosing MDD
patients with SI.

Generally speaking, biomarkers from brain are the
best, because the brain is the target organ in psychiatric
disorders.”” Nagy et al have done a wonderful work to
study the brain-based biomarkers for MDD.? Considering
the close relationship between brain and peripheral blood,

biomarker identified from peripheral blood will be
a practical alternative. Some studies have found the mean-
ingful correlations between brain and blood.**** Our and
others work have identified some potential biomarkers for
MDD or suicide from the blood.!'?72® Therefore, our
identified highly accurate biomarkers from the blood
might be an alternative solution for diagnosing MDD
patients with SI.

AAT inhibit the
inflammatory factors, such as interleukin-6 (IL-6) and

could release of many pro-
CRP. O’Donovan et al reported that SI was associated
with elevated inflammation (IL-6 and CRP) in MDD
patients.'* Here, we found the increased CRP and signifi-
cantly decreased AAT in MDD patients with SI
Meanwhile, the decreased AAT in the blood of MDD
patients was also found in our previous study.'” Beiko
et al reported that individuals with AAT deficiency were
more likely to experience anxiety and depression.>” Many
studies have reported that inflammation had a close rela-
tionship with depression and suicide.'**%*' Furthermore,
the AAT was significantly negatively correlated with BSI-
CV score. Taken together, we deduced that the decreased
AAT levels in MDD patients might result in the elevated
inflammation, and eventually led to the appearance of SI.

Previous study reported that the serum HDLC might be
a potential biomarker for depressed men with suicidal
behavior, and the lower HDLC was probably induced by
the immune/inflammatory response.'” In this study, the
significantly decreased HDLC level was also identified as
with SIL
Meanwhile, our previous study found that the plasma
APOA1 level and CRP level was decreased and increased,

a potential biomarker for MDD patients
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respectively, in post-stroke depression patients compared
to HCs.'® The similar results were also observed here in
MDD patients with SI. In addition, researchers reported
that there was a relationship between TRSF and MDD/
suicide,'” and TRSF might have a role in inflammation
mechanism.>**? Here, the significantly decreased TRSF
level was found in MDD patients with SI. The above-
mentioned findings suggested that inflammatory response
might be essential in the occurrence of SI in MDD
patients.

Nowadays, there are no objective indicators to tell
clinicians whether or not their antidepressant methods in
use are effective for patients.>* Therefore, many MDD
patients are defined as having treatment-resistant depres-
sion (TRD) after a period of ineffective treatment.’-° In
this study, we found that, after one-month treatment, the
HDRS score and BSI-CV score in those 20 MDD patients
with SI were significantly decreased, and the level of AAT
was significantly increased. Meanwhile, the AAT was
found to be significantly negatively correlated with both
HDRS score and BSI-CV score. Our results suggested that
AAT might be a potential predictor of antidepressant treat-
ment outcome in MDD with SI.

Our previous studies reported that there were age-
specific differential changes on gut microbiota composi-
in MDD patients.**’
Meanwhile, we also found that there were sex differences

tion and urinary metabolites

in gut microbiota composition in MDD patients.*® Thus, to
avoid the influences of clinical characteristics on our
results, the identified potential biomarker panel here was
adjusted for age, body mass index (BMI), sex, education,
HDRS score and BSI-CV score. However, future studies
should recruit large patient samples to explore the possi-
bility of the combination of clinical characteristics and this
biomarker panel, which might aid in making a more per-
sonalized treatment method for MDD patients with SI.
MDD and anxiety disorder are two mental disorders
with similar core components. In mental health, one of the
more common comorbidities is that of MDD and anxiety
disorder. Previous studies reported that the anxiety symp-
toms are frequently found to coexist with depression
symptoms.**** An epidemiologic study found that in
patients with lifetime MDD, 59% of patients experienced
at least one lifetime anxiety disorder.*’ Therefore, consid-
ering the high prevalence of comorbid anxiety disorder
and MDD, we did not exclude the MDD patients with
anxiety disorder in this study, which might enhance the
generalizability of our conclusion. However, clinicians

should still cautiously assess the anxiety disorder of
MDD patients when using this biomarker panel to diag-
nose SI in a broader MDD population.

Limitations should be mentioned here. Firstly, the
number of included MDD patients with SI is small; then
our results are still needed future studies to validate and
support. Secondly, although the panel could effectively
separate MDD patients with SI from MDD patients with-
out SI, it is unknown whether it could effectively separate
MDD patients with SI from other psychiatric disorders,
such as BD and schizophrenia. Thirdly, all the included
subjects are recruited from the same site, which might
limit the general applicability of our conclusion.
Fourthly, only 20 MDD patients with SI received antide-
pressant therapy and provided blood samples again after
one month, then the changes of these potential biomarkers
after treatment are needed future studies to validate and
support. Fifthly, considering the higher rates of substance
use and comorbidities associated with suicide risk, future
studies are needed to find out whether or not our results
are appropriate for MDD patients with substance use and
comorbidities associated with suicide risk. Finally, only
blood samples are used here, samples from central nervous
system should be further explored to make sure that our
identified biomarkers are physiologically relevant to dis-
ease pathogenesis.

In conclusion, a panel consisting of AAT, HDLC,
APOA1 and TRSF was identified here, which could effec-
tively diagnose MDD patients with SI from HCs and
MDD patients without SI. These highly accurate biomar-
kers might be helpful for future developing an objective
method for MDD patients with SI and provide an insight
to our understanding of MDD with suicide. However, our
results are still needed to be replicated in sufficiently large
groups. If replicated, the combination of clinical character-
istics and our results might aid in making a more perso-
nalized treatment method for MDD patients with SI.
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