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Background: Major depressive disorder (MDD) is a significant risk factor for
suicide attempts (SA), making early identification of those most at risk crucial for
effective clinical intervention. This study aimed to identify demographic, clinical,
and biochemical correlates of SA among inpatients with MDD.

Methods: In this cross-sectional study, data were collected from 968 inpatients
diagnosed with MDD, including 392 with documented suicide attempts (MDD-
SA) and 576 without suicidal behaviors (MDD-NSA). Demographic characteristics,
clinical history, and peripheral biochemical markers were analyzed using
multivariable logistic regression to assess associations with SA. Variable
selection was performed using penalized logistic regression with 10-fold
cross-validation, and the selected variables were then entered into a binary
logistic regression model to illustrate the relative contribution of significant
factors. Model performance was evaluated using the area under the Receiver
Operating Characteristic (ROC) curve, calibration plots, and decision curve
analysis (DCA).

Results: Significant differences were found between MDD-S and MDD-N in
marital status (42.3% vs. 57.7%, p = 0.004), alcohol consumption (15.82% vs.
8.85%, p < 0.001), tobacco use (20.67% vs. 13.73%, p = 0.004), education level (p <
0.001), life events (79.59% vs. 65.28%, p < 0.001), and folate levels (p < 0.001).
MDD-S patients were more likely to undergo modified electroconvulsive therapy
(61.73% vs. 39.41%, p < 0.001) and mood stabilizers (26.02% vs. 18.92%, p =
0.009). The nomogram incorporated tobacco use, alcohol consumption,
education level, life events, and folate levels, showing good discrimination (C-
index = 0.709, bootstrap = 0.703). ROC analysis demonstrated an AUC of 0.709
(95% Cl: 0.677-0.742), and DCA confirmed clinical utility.

Conclusion: Several routinely available variables, including tobacco use, alcohol
consumption, education level, life events, and folate level, were associated with
suicide attempts in MDD inpatients. Our findings highlight these important
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correlates, which may help clinicians in recognizing patients at elevated risk. The
nomogram provided in this study should be regarded only as a visualization to
better illustrate the contribution of these factors, rather than as a clinical
assessment tool. Prospective multicenter studies are needed for further validation.

major depressive disorder, suicide attempts, biomarkers, folate, nomogram

1 Introduction

Major depressive disorder (MDD) is a common mental health
condition associated with significant morbidity and mortality
including suicide attempts (SA) which are a leading cause of
death in individuals with depression (1). According to the World
Health Organization, suicide accounts for nearly 800,000 deaths
annually, and it remains one of the top causes of death globally (2).
MDD is recognized as a major contributing factor to suicidal
behaviors and the risk is heightened when patients experience
recurrent depressive episodes, substance abuse, or comorbid
psychiatric conditions (3). Accurate prediction and timely
intervention are crucial for reducing the risk of suicide in MDD
patients, but prevention efforts remain limited by the difficulty of
identifying high-risk individuals.

Guided by the biopsychosocial model (4) and the stress-
diathesis model (5) of suicidal behavior, which posit that
biological vulnerability interacts with clinical symptoms and
psychosocial stressors to precipitate suicidal acts, within this
framework, risk factors from different domains can be understood
as interacting components of a unified risk profile. For instance,
lower education levels, lack of social support, and substance use
have been linked to an increased risk of SA (6). These demographic
factors interact with psychological vulnerability and social stressors,
exacerbating the risk of suicidal behaviors (6). In parallel, certain
clinical features play a pivotal role in predicting suicidal behaviors.
Features such as the severity of depressive symptoms, the number of
depressive episodes, and the presence of psychotic symptoms have
been strongly associated with an increased risk of SA (7). Age of
onset and duration of depression can also provide insight into the
chronicity of the disorder, which is a key element influencing
suicidal tendencies (8, 9).

At the biological level, mechanisms such as hypothalamic-
pituitary—adrenal (HPA) axis dysregulation and impaired one-
carbon metabolism may shape vulnerability by altering mood
regulation and stress reactivity (10, 11). From an integrated
perspective, these demographic, clinical, and biological domains
should not be viewed in isolation but rather as interacting
components of a unified suicide risk profile (7, 12). For example,
stressful life events can activate the HPA axis, leading to abnormal
adrenocorticotropic hormone (ACTH) secretion, which has been
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observed in individuals at high suicide risk (13), This dysregulation,
combined with exposure to significant life stressors, may be a potent
driver of suicidal behavior.

Deficiencies in folate—a key cofactor in neurotransmitter
synthesis—can impair neural resilience (14).Moreover, both
alcohol consumption and tobacco use have been shown to lower
folate levels and disrupt its metabolism, potentially compounding
the neurobiological effects of folate deficiency (15-17). In addition
to their impact on folate status, alcohol and tobacco use may
intensify both biological stress responses and psychosocial
disadvantage (18, 19). Elevated homocysteine levels have been
linked to neurotoxicity and increased oxidative stress, which may
contribute to the onset of depression and suicidal tendencies (20).
On the other hand, folate, which plays a crucial role in
homocysteine metabolism, has been found to be deficient in
individuals with severe depression and suicidal behaviors (21).
Folate supplementation has shown promise in reducing
homocysteine levels, which could mitigate the risk of SA by
addressing underlying neurobiological mechanisms (22).

Given the complexity of suicide risk, nomograms have emerged
as valuable tools for integrating multiple variables, both clinical and
biological, into a single model. Nomograms offer a visual
representation that allows clinicians to make individualized risk
assessments based on patient-specific data (23-25), However, few
studies have combined biological indicators with clinical treatment
factors to explore their joint role in suicide risk prediction.

Based on previous evidence, we hypothesized that: (1) specific
demographic characteristics (e.g., lower education, alcohol and
tobacco use, recent life events), clinical features, and biochemical
markers (folate, ACTH and homocysteine levels) would each be
independently associated with SA in MDD; and (2) integrating
variables from the domains into a single nomogram would provide
a more comprehensive tool for estimating the probability of SA.

Building on previous work from our institution that developed a
nomogram-based model using only demographic and clinical
variables (25), the present study extends this approach by
incorporating biochemical markers and analyzing a larger
inpatient cohort. The nomogram in this study serves as a simple
visual tool to integrate these factors, emphasizing their importance
for comprehensive clinical evaluation rather than providing a
precise numeric risk estimate. Therefore, the aim of this study
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was to identify key demographic, clinical, and biochemical
correlates of SA in MDD inpatients. In addition, we constructed
an exploratory nomogram to provide a visual illustration of the
relative contribution of these factors, which may offer a framework
for future research but is not intended for direct clinical application.

2 Materials and methods
2.1 Participants

This was a retrospective cross-sectional study conducted at Beijing
Anding Hospital, Capital Medical University, between January 2013
and December 2020. Participants were diagnosed with MDD following
the International Classification of Diseases, Tenth Revision (ICD-10)
(26) guidelines by two experienced psychiatrists. All patients included
in the study had complete medical records and were followed for one-
year post-discharge to monitor recurrence and rehospitalization rates.
Exclusion criteria were: (1) those diagnosed with other mental
disorders, such as schizophrenia and bipolar disorder; (2) severe
physical diseases including severe hepatic injury (e.g., hepatic failure
or decompensated cirrhosis), advanced renal impairment, heart failure,
and other severe systemic conditions; (3) long-term hospitalized
patients (>6 months); (4) patients with drug or alcohol dependence
or abuse issues; (5) women who were pregnant and/or lactating; and (6)
incomplete medical records, particularly the absence of detailed
descriptions and assessments related to SA. (6) unclear or insufficient
documentation regarding the presence or absence of SA in the medical
records, making group classification unreliable.

Patients were divided into two groups based on the presence of
suicidal behaviors within three months prior to admission, as
indicated in their medical records. Those with documented SA
were placed in the MDD with SA group (MDD-S), while those
without SA formed the non-suicidal group (MDD-N). For patients
in the MDD-S group, the specific method of SA was extracted from
the “present illness” section of the medical records, with the most
recent attempt prior to admission being coded. As this was a
retrospective study, SA was clearly documented in the medical
records. However, documentation of suicidal ideation varied widely
in detail and clarity, making it difficult to reliably determine
whether patients had clear suicidal thoughts at the time.
Furthermore, SA, as a severe phenotype, may be more useful for
identifying potential biological markers and has greater clinical
warning significance. Therefore, patients with suicidal ideation were
not included in this study.

2.2 Clinical variables

Baseline variables were extracted from patients’ medical records at
the time of the index hospitalization. These included demographic
characteristics (age, sex, marital status, education level, occupation),
clinical features (tobacco use, alcohol consumption, recent life events,
recurrence status, presence of psychotic symptoms, comorbid chronic
physical diseases), treatment history (antidepressants, mood stabilizers,
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antipsychotics, and electroconvulsive therapy), and biochemical
indicators (folate, ACTH, and homocysteine).Depression severity was
classified according to the ICD-10 diagnostic system, which
distinguishes mild, moderate, and severe depression. Since mild cases
were not admitted as inpatients, only moderate and severe depression
were present in this cohort. Therefore, depression severity was
categorized into two levels (moderate vs. severe) based on the clinical
diagnosis. SA method was extracted from the “present illness” section
of medical records, with the primary method used in the most recent
attempt before admission being coded. Abnormal liver function,
extracted from admission diagnoses, was included as a binary
variable to control for potential confounding effects on biochemical
markers, particularly folate and homocysteine levels. Follow-up
information during the one-year period after discharge, including
emergency department visits and readmissions, was also collected
retrospectively. These follow-up data were not included in the binary
logistic model but were analyzed descriptively to observe post-
discharge rehospitalization rates.

2.3 Ethics approval and consent to
participate

The study was approved by the Ethics Committee of Beijing
Anding Hospital (approval number: 2022-133) and conducted in
accordance with the Declaration of Helsinki. As this was a
retrospective study using anonymized clinical data, the requirement
for written informed consent was waived. Verbal informed consent
was obtained by phone from patients when possible, and others had
signed a broad consent form at admission permitting the use of their
clinical data for research. No identifiable personal information was
included in the analysis.

2.4 Statistical analysis

Data were processed using R software (version 4.4.1) and SPSS
(version 27.0). Categorical variables were transformed into factors,
while continuous variables were converted into numeric values to
facilitate analysis. Summary statistics were used to describe the
demographic, clinical, and biochemical characteristics of the two
groups. Differences between the MDD-S and MDD-N groups were
assessed using the Chi-Square Test for categorical variables and
the Wilcoxon Rank-Sum Test for non-normally distributed
numerical variables.

Univariate and multivariable logistic regression analyses were
performed to identify associated factors of SA. Independent
variables included demographic details, clinical characteristics,
and blood biomarkers. In data analysis, tobacco use is categorized
as 1 for frequent smokers and 0 for non-smokers or occasional
smokers. Similarly, alcohol consumption is represented as 1 for
habitual drinkers and 0 for those who do not drink or drink
occasionally. Education is classified as 0 for middle school or
below (<9 years, 1 for high school (9~12 years, and 2 for
university-level education and above (212 years. Life events,
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referring to significant experiences prior to a depressive episode, are
coded as 1 for “yes” and 0 for “no”. The folate level is directly
entered as its measured value in ng/mL. The’abnormal liver
function” was extracted from admission diagnoses and was
defined as one or more liver-related laboratory values exceeding
the upper normal limit (ALT or AST > 40 U/L, ALP > 125 U/L,
GGT > 60 U/L, total bilirubin > 20.5 umol/L, or albumin < 35 g/L,
with albumin and INR used to assess hepatic synthetic function).
This variable was coded as a binary variable and included in both
univariable and multivariable logistic regression analyses.

The results were expressed as odds ratios (OR) with 95%
confidence intervals (CI), and p-values below 0.05 were
considered statistically significant. Variable selection for the final
model was based on a backward stepwise method. Two-tailed P
values were used for all statistical analyses, and p <0.05 was
considered as statistically significant.

2.5 Model construction and evaluation

To identify the best combination of model parameters (alpha
and lambda), a 10-fold cross-validation was performed using the
caret package in R (27). A parameter grid was defined, with alpha
ranging from 0 to 1 in increments of 0.1, and lambda ranging from
0 to 1 in increments of 0.1. The train function was used to perform
the cross-validation and select the optimal parameters based on the
highest accuracy. Using the optimal parameters (alpha = 0.3 and
lambda = 0.1) identified from the cross-validation, a final binary
logistic regression model fitted using the Irm function in the rms
package in R (28). This final model was used to construct the
nomogram. A nomogram is a graphical tool that transforms a
regression model into a visual scoring system, allowing the
probability of an event to be estimated for an individual by
summing the scores for each variable, and providing a more
intuitive and clinically applicable format for individualized risk
assessment compared with presenting only regression coefficients
or odds ratios.

An exploratory nomogram was then generated using the key
variables identified in the 10-fold cross-validation process, with
each variable assigned a corresponding score on a scale of 0 to 100.
These scores were combined to generate an overall score for each
patient. The total score was then transformed into a logit, which was
used to calculate the individual probability of SA ranging from 0%
to 100%. The model’s discriminative performance was assessed
using Harrell’s concordance index (C-index) and calibration plots
(28, 29). Generally, C-index greater than 0.7 indicates a well-
calibrated model. To internally validate the model, the bootstrap
method was employed. The Hosmer-Lemeshow test (30) was
applied to evaluate the goodness of fit, with a p-value greater than
0.05 suggesting a good fit. Additionally, variance inflation factors
(VIF) (31) were used to check for multicollinearity among
the variables in the model, where a VIF above 10 suggests
significant multicollinearity.

To evaluate the accuracy of the nomogram, a calibration curve
was plotted, which compares the predicted probabilities from the
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model to the actual observed outcomes. This curve reflects how
closely the model’s estimated risks align with reality. The model’s
ability to differentiate between patients with and without SA was
further assessed using a Receiver Operating Characteristic (ROC)
curve. The ROC curve plots sensitivity (true positive rate) against 1
- specificity (false positive rate) across various threshold levels, and
the Area Under the Curve (AUC) was calculated to provide a single
metric of the model’s discriminative power. Additionally, the
clinical utility of the nomogram was determined through decision
curve analysis (DCA) (32). DCA estimates the net benefit of the
model by weighing the true positives against the false positives, and
compares these results to hypothetical “treat all” or “treat none”
strategies across a range of threshold probabilities.

3 Results

3.1 Baseline demographic, clinical
characteristics, and biochemical
parameters

A detailed comparison of demographic, clinical characteristics,
and peripheral blood indicators between the MDD-S and MDD-N
groups is shown in Table 1. Notably, the proportion of married
individuals in the MDD-S group is significantly lower (42.3% vs.
57.7%, p = 0.004). Additionally, alcohol and tobacco use are higher
in the MDD-S group, with significant differences in alcohol
consumption (p < 0.001) and tobacco use (p = 0.004).
Furthermore, a significantly higher percentage of individuals in
the MDD-S group experienced life events (79.6% vs. 65.3%, p <
0.001). Patients in the MDD-S group also had a higher proportion
of severe depression compared to the MDD-N group (92.1% vs.
89.6%, p = 0.048).There were no significant differences between the
two groups in terms of age (p = 0.071), gender (p = 0.471),
occupation (p=0.077), duration of illness (p = 0.802), proportion
of recurrence (p = 0.874), nor the presence of psychosis (p = 0.300).
The distribution of SA methods among patients in the MDD-S
group is provided.

Clinically, patients in the MDD-S group were more likely to
receive modified electroconvulsive therapy (61.7% vs. 39.4%, p <
0.001) and mood stabilizers (26.0% vs. 18.9%, p = 0.009). However,
there were no significant differences in the use of antipsychotics
between the groups. Biochemically, folate levels were significantly
lower in the MDD-S group (p < 0.001), while no notable differences
were observed for ACTH or homocysteine levels between the
2 groups.

3.2 ldentification of associated factors

The results of the univariate and multivariable logistic
regression analyses presented in Figure 1 highlight variables
associated with SA in patients with MDD. In the univariate
analysis, significant variables of SA include being unmarried
(OR = 146, p = 0.004), tobacco use (OR = 1.64, p = 0.005),
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TABLE 1 Demographic, clinical, and biochemical characteristics of MDD patients with SA and without SA.

Variables MDD-S (n = 392) MDD-N (n = 576) Z/x2 P value
Demographic characteristic
Age (years) 29 (18, 53) 34 (19, 53) -1.80 0.07
Female (%) 288 (73.47) 411 (71.35) 0.52 047
Marital state (yes, %) 166 (42.35) 266 (57.73) 8.24 0.004
Alcohol consumption (yes, %) 62 (15.82) 51 (8.85) 10.97 <0.001
Tobacco use (yes, %) 81 (20.67) 79 (13.73) 8.16 0.004
Occupation 5.13 0.08

Student (yes, %) 122 (31.12) 146 (25.35)

Employed (yes, %) 237 (60.46) 389 (67.53)

Unemployed (yes, %) 33 (8.42) 41 (7.12)
Level of education (n, %) 85.27 <0.001

middle school and below 85 (21.68) 224 (38.89)

high school 219 (55.87) 153 (26.56)

University and above 88 (22.45) 199 (34.55)

Clinical characteristics

Duration (years) 2.00 (0.67, 7.00) 2.00 (0.58, 7.00) -0.25 0.80
Age of onset (years) 23 (15, 41) 28 (16, 45) -1.94 0.05
Life events (yes, %) 312 (79.59) 376 (65.28) 23.25 <0.001
Recurrence (yes, %) 179 (45.66) 266 (46.22) 0.03 0.87
Psychosis (yes, %) 107 (27.30) 175 (30.38) 1.08 0.30
Depression severity (n, %) 3.89 0.048
Moderate depression 26 (6.63) 60 (10.42)
Severe depression 361 (92.10) 516 (89.58)
Chronic physical diseases (yes, %) 30 (7.65) 44 (7.64) 0.52 0.47
Abnormal liver function (yes, %) 13 (3.32) 21 (3.65) 0.08 0.79
Treatment and outcome
MECT (yes, %) 242 (61.73) 227 (39.41) 46.55 <0.001
Mood stabilizer (yes, %) 102 (26.02) 109 (18.92) 6.89 0.009
Antipsychotics (yes, %) 254 (64.80) 386 (67.01) 0.51 0.47
Readmission rate within 180 days 48 (12.24) 68 (11.81) 0.04 0.84
Readmission rate within 1 year 29 (7.40) 30 (5.21) 1.95 0.16
Peripheral blood indicators
Folate (ng/mL) 4.98 (3.19, 7.06) 5.62 (3.97, 8.76) -4.01 <0.001
ACTH (pg/mL) 40.55 (26.93, 59.50) 41.95 (27.00, 63.10) -0.73 0.46
Homocysteine (1mol/L) 13.28 (11.20, 16.95) 13.20 (11.21, 16.80) 0.48 0.63

Continuous variables are presented as median (lower quartile, upper quartile) and compared using the Kruskal-Wallis H test. Categorical variables are presented as n (%) and compared using the
Chi-square test. MDD, major depressive disorder; SA, suicide attempt; ACTH, adrenocorticotropic hormone; MECT, modified electroconvulsive therapy.
Bold values indicate statistical significance (p < 0.05).
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Univariate Logistic Regression

Risk Factors

Age

Sex

Unmarried
Occupation

Level of education
Tobacco use

Alcohol consumption
Recurrence
Psychosis symptoms
Depression severity
Duration

Age of onset

Life events

Chronic physical diseases
Folate level

ACTH level
Homocysteine level
Liver function

OR (95% Cl)

0.99 (0.99 - 1.00)
1.11 (0.83 - 1.49)
1.46 (1.13 - 1.89)
0.73 (0.55 - 0.97)
3.77 (2.74 - 5.23)
1.64 (1.17 - 2.31)
1.93 (1.30 - 2.88)
0.98 (0.76 - 1.27)
0.86 (0.65 - 1.14)
1.64 (1.02 - 2.68)
1.00 (0.98 - 1.01)
0.99 (0.98 - 1.00)
2.07 (1.54 - 2.81)
0.76 (0.58 - 1.00)
0.94 (0.91 - 0.97)
1.00 (1.00 - 1.00)
1.01 (1.00 - 1.02)
0.91 (0.4 - 1.81)

Multivariable Logistic Regression

Risk Factors

(Intercept)

Age

Sex

Unmarried
Employed
Unemployed

High school
University and above
Tobacco use

Alcohol consumption
Recurrence
Depression severity
Psychosis symptoms
Age of oneset

Life events

Chronic physical diseases
Folate level

ACTH level
Homocysteine level
Liver function

FIGURE 1

OR (95% Cl)

0.07 (0.02 - 0.20)
0.99 (0.97 - 1.01)
1.77 (1.23 - 2.58)
1.29 (0.87 - 1.91)
0.97 (0.69 - 1.38)
1.05 (0.59 - 1.85)
4.04 (2.86 - 5.74)
1.23(0.84 - 1.81)
1.46 (0.94 - 2.27)
2.62 (1.59 - 4.36)
0.98 (0.71-1.34)
1.67 (1.00 - 2.88)
0.78 (0.56 - 1.06)
1.02 (1.00 - 1.05)
2.33 (1.59 - 3.44)
0.84 (0.59 - 1.19)
0.95 (0.91 - 0.99)
1.00 (1.00 - 1.00)
1.00 (0.99 - 1.01)
0.90 (0.41 - 1.90)

10.3389/fpsyt.2025.1634164

P-value

0.057 L
0.471 -
0.004
0.033
<0.001
0.005
0.001
0.874 -
0.300
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0.049
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0.156
0.785

—
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P-value
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00.511.522.533.544.555.5
Odds Ratio (95% ClI)

Univariate and multivariable logistic regression analyses assessing the association between selected variables and SA in patients with MDD. Odds
ratios (ORs) with 95% confidence intervals (Cls) and corresponding p-values are shown for each variable

alcohol consumption (OR = 1.93, p = 0.001), life events (OR = 2.07,
p<0.001), occupation (OR = 0.73, p=0.03), and levels of education
(OR = 3.77, p<0.001). Depression severity (OR = 1.68, 95% CI:
1.01-2.79, p = 0.048), chronic physical diseases (OR = 0.76, 95% CI:
0.58-1.00, p = 0.049), and Folate levels (OR = 0.94, p < 0.001) were
also significantly associated with SA. However, other variables, such
as recurrence, liver function and the presence of psychotic
symptoms, did not exhibit significant associations with SA (p
> 0.05).

In the multivariable logistic regression analysis, all variables
included in the univariate analysis were entered as covariates. After
adjustment, high school educational levels (OR = 4.10, p < 0.001),
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alcohol consumption (OR = 2.57, p < 0.001), and experiencing life
events (OR = 2.32, p < 0.001) remained significantly associated with
SA. Additionally, sex (OR = 1.74, p = 0.003) and lower folate levels
(OR = 0.95, p = 0.012) also emerged as significant contributors.
Depression severity showed only a marginal association with SA
(OR = 1.67, 95% CI: 1.00-2.88, p = 0.056) and was not retained as
an independent factor. However, factors such as being unmarried
and tobacco use, which were statistically significant in the univariate
analysis, lost their significance in the multivariable model.

Using a 10-fold cross-validation with the caret package in R, the
optimal model parameters (alpha = 0.3 and lambda = 0.1) were
identified from a predefined grid. Based on these parameters, a
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logistic regression model was fitted using the glmnet package in R
(33). The following variables were selected with their corresponding
regression coefficients : Tobacco use (B = 0.033), alcohol
consumption ( = 0.241), folate level ( = —0.015), life events (f =
0.301), and education level ( = 0.749).

3.3 Exploratory nomogram

Based on Figure 2, a nomogram was constructed to visualize the
relative contribution of significant factors associated with SA in
patients with MDD. The model was developed using binary logistic
regression and incorporated variables selected from the multivariable
logistic regression analysis and 10-fold cross-validation, such as
tobacco use, alcohol consumption, education level, life events, and
folate levels. For instance, a patient who frequently smokes (12.5
points), habitually drinks alcohol (42.5 points), has a high school
education (79 points), experienced life events before the onset of
depression (42.5 points) and has a folate level of 5 ng/mL (87.5
points) would have a total score of 265. This score corresponds to an
estimated 80% probability of having had an SA. The total score from
the nomogram reflects the individual’s assessed probability of SA.
The calibration curve (Figure 3) showed that the predicted
probabilities align well with the observed outcomes, indicating a
high level of accuracy in the model’s discrimination. The C-index of
the nomogram was 0.709, demonstrating good discriminative ability,
and it slightly decreased to 0.703 after internal validation using the
bootstrap method, confirming the robustness of the model.

The Model discrimination was further supported by the ROC
curve, with an AUC of 0.709 (95% CIL: 0.677-0.742, p < 0.001)
(Figure 4). Additionally, the Hosmer-Lemeshow test result (p =

10.3389/fpsyt.2025.1634164

0.30) suggests a good fit for the model. Multicollinearity among the
variables was assessed using variance inflation factors (VIF), and all
values were below 10, indicating issues with multicollinearity in the
model were unlikely. The decision curve analysis (Figure 5) shows
that the nomogram provides a clear net benefit compared to the
“treat all” or “treat none” strategies, particularly for threshold
probabilities between 0.1 and 0.6.

4 Discussion

This study identified several key factors associated with SA in
patients with MDD. The SA group exhibited a higher proportion of
unmarried and unemployed individuals, higher rates of tobacco and
alcohol use, and lower educational levels. Significant life events were
more common among these patients, suggesting a strong link to
suicide risk. Biochemically, folate levels were notably lower in the
SA group, indicating a potential metabolic component to suicidal
behaviors. Clinically, patients with SA were more likely to receive
modified electroconvulsive therapy (MECT) and mood stabilizers,
likely reflecting more severe depressive episodes. To illustrate the
combined impact of these factors, we constructed an exploratory
nomogram, which provides a visual representation of their relative
contributions. Our findings therefore highlight a set of routinely
available demographic, clinical, and biochemical variables that
warrant particular attention in the assessment of suicide risk
among MDD inpatients.

From a clinical perspective, these findings may serve as indicators
to alert clinicians to patients who require closer monitoring,
enhanced psychosocial support, and targeted safety planning
during hospitalization (34, 35). For example, screening for recent
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FIGURE 2

Nomogram for estimating the probability of SA in patients with MDD. The nomogram incorporates tobacco use, alcohol consumption, education level,
life events, and folate level. To use the nomogram, draw a vertical line from each variable to the "Points” scale to determine the score for that variable.
Sum all scores to obtain the “Total Points,” and then project downward to the "Predicted Value” scale to estimate the individual probability of SA.
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Calibration curve of the nomogram for assessing the agreement between model-estimated and observed probabilities of SA among MDD patients.
The x-axis represents the model-estimated probability of SA from the nomogram, and the y-axis represents the observed probability after bootstrap
resampling (B = 1000). The dotted line ("Apparent”) shows the model's performance on the original dataset, the solid line ("Bias-corrected”) shows
the performance after bootstrap correction, and the dashed line (“Ideal’) represents perfect calibration

life events and substance use should be a standard component of
admission evaluations, as these factors may indicate heightened
vulnerability to suicidal behavior. Similarly, low folate levels, which
can be easily obtained through standard laboratory tests, might
prompt more comprehensive nutritional assessments and
interventions. The nomogram in this study offers a simple visual
tool to combine these factors together. The nomogram in this study
serves as a simple visual tool to integrate these factors, emphasizing
their importance for comprehensive clinical evaluation rather than
providing a precise numeric risk estimate.
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FIGURE 4

ROC curve evaluating the discriminative ability of the nomogram in
distinguishing MDD patients with and without SA. The x-axis
represents 1 — specificity (false positive rate), and the y-axis
represents sensitivity (true positive rate). The area under the curve
(AUC) is shown, with a higher AUC indicating better discrimination
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Our study shares similarities with prior research in identifying
both clinical and demographic factors for SA in patients with MDD.
For instance, several studies have found that demographic factors
such as being unmarried, and lower educational levels are associated
with an increased risk of SA in MDD patients, consistent with our
findings. These results align not only with studies from Asian
populations (6, 11, 36, 37), but also with evidence from Western
cohorts. Large register-based studies in Norway (38) and studies
from Europe and America (39, 40) have reported similar
associations, suggesting that marital status and education level
may represent cross-cultural risk factors for suicidality.

Interestingly, our data suggest that individuals with a high
school education may represent a particularly vulnerable group in
the Chinese context, whereas those with either middle school or
lower education and those with a university-level or higher
education did not show a similarly elevated risk. One possible
explanation could be that individuals with a moderate level of
education often struggle to adjust their economic and social
expectations, placing them in a challenging situation. They may
lack the emotional coping strategies that those with higher
education possess, and the gap between their expectations and
reality can increase psychological pressure (9, 41). This dual
dilemma may elevate their risk of suicide, warranting greater
attention in clinical interventions.

Smoking and alcohol consumption were also identified as
significant associated factors for SA in our study. A strong
association between substance use and increased suicide risk have
been reported by several studies (18, 19). Smoking, often linked
with higher levels of psychological distress and substance
dependence, can exacerbate depressive symptoms and contribute
to impulsive behaviors, thereby increasing the risk of SA (42).
Additionally, alcohol consumption is known to impair judgment,
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DCA evaluating the net benefit of the nomogram in differentiating MDD patients with and without SA. The x-axis represents the threshold probability
at which a clinician might decide to take action, and the y-axis represents the corresponding net benefit. The red line ("Nomogram”) indicates the
model-based assessment, the grey line ("All") assumes all patients have SA, and the black line ("None") assumes no patients have SA.

disinhibit behaviors and exacerbate hopelessness and impulsivity,
which are key components of suicidal behaviors (43). Furthermore,
individuals who smoke or consume alcohol regularly may
experience greater social isolation, leading to a lack of support
systems that could otherwise mitigate suicidal tendencies (44).
These findings underscore the importance of incorporating
substance use assessments into routine clinical evaluations for
inpatients with MDD, consistent with evidence from both East
Asian (19, 42) and Western populations (45, 46) that substance use
is associated with suicidal behavior.

Our study also underscores the critical role of stressful life events
in relation to suicidal behaviors. This finding aligns with previous
research demonstrating that stressful events significantly increase the
risk of subsequent suicidal behaviors in Asian and Western
populations (12, 47), even in the short term (48). Stressful life
events—such as the loss of a loved one, financial difficulties, and
interpersonal conflicts—are well-documented to exacerbate
depressive symptoms and elevate the likelihood of SA, a cross-
culturally relevant contributor to suicidal behavior, highlighting
their cross-cultural relevance in understanding suicidal behavior.
These adverse experiences can induce chronic stress, activating
neurobiological mechanisms such as the hypothalamic-pituitary-
adrenal (HPA) axis, which may increase vulnerability to suicidal
thoughts and attempts (49). Chronic activation of the HPA axis has
been shown to raise levels of adrenocorticotropic hormone (ACTH),
which in turn influences cortisol release and can exacerbate the
physiological and psychological stress response (50, 51).

In our study, we did not find a significant association between
peripheral blood ACTH levels and SA. The existing literature on this
topic is similarly inconsistent: while some studies have reported a
relationship between ACTH and suicidal behaviors (13, 52, 53), others
have found no significant association (54, 55). This inconsistency
reflects the complex interplay between ACTH levels and suicidal
behaviors, which may be influenced by the heterogeneity of suicidal
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behaviors themselves. Additionally, the dynamic fluctuations of ACTH,
variability in HPA axis sensitivity, and differences in population
characteristics could contribute to the observed lack of correlation. It
is also plausible that other downstream factors, such as cortisol levels or
the sensitivity of HPA axis feedback mechanisms, may play a more
direct role in modulating the risk of SA.

In terms of clinical characteristics, our study found no
significant differences in the age of onset of MDD. Previous
research has shown that early-onset depression is strongly
associated with a more severe illness trajectory, including higher
rates of recurrence, comorbid psychiatric conditions, and increased
suicide risk (8, 9). While our findings did not reveal a clear
distinction, the borderline p-value (p=0.052) suggests that the age
of onset may still have a predictive influence on SA. This subtle
statistical trend underscores the need for further research to better
understand its potential role.

Similarly, regarding psychotic symptoms, we did not find a
significant association with SA. Previous research has provided
mixed evidence: some studies have linked psychotic symptoms,
such as hallucinations and delusions, to increased suicide risk (56,
57), while others have not supported this association (58, 59). The
lack of association in our cohort may also reflect the characteristics
of the inpatient population, who typically present with more severe
depression, potentially overshadowing the predictive value of
psychotic symptoms. These findings suggest that psychotic
symptoms may have limited utility as a variable for distinguishing
patients with and without SA in this context.

With respect to depression severity, we observed a significant
association with SA in the univariate analysis; however, this effect
weakened to a marginal level in the multivariable model. This
attenuation likely reflects the inpatient sample characteristics, as the
majority of patients were admitted with severe depression, leading
to a skewed distribution and reduced statistical power for this
variable. Nevertheless, evidence from broader clinical populations
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indicates that depression severity may be one of the correlates of
suicidal behaviors across the depressive spectrum (40, 60, 61). Thus,
while not retained in our final model, severity remains clinically
important and should be considered when evaluating suicide risk in
MDD patients.

Our study is also notable for its comprehensive inclusion of
biological markers, particularly folate levels, which have not been
extensively examined in many previous suicide risk models. Kim
et al. (21) highlighted that low serum folate is associated with an
increased risk of suicidality, aligning with our findings that suggest
metabolic dysregulation may significantly impact suicide risk.
Folate plays a critical role in the methylation of homocysteine
into methionine, a process essential for neurotransmitter balance
and overall mental health (14). Disruptions in this pathway due to
folate deficiency can result in the accumulation of homocysteine,
which is neurotoxic and may exacerbate depressive symptoms.
Previous research has found elevated homocysteine to be
associated with both depression and increased suicide risk (20).
However, in our study, we did not observe a significant relationship
between high homocysteine levels. This might be due to
compensatory mechanisms in some patients that prevent
homocysteine from rising, even when folate is low. These findings
underscore the need for further research to clarify the role of folate
and homocysteine in suicide risk.

Regarding treatment approaches, the follow-up data in our study
revealed notable differences between patients with SA and those
without. Patients with SA were significantly more likely to receive
MECT compared to non-SA patients. This finding is consistent with
previous research, which has shown that MECT is often used in severe
cases of depression with suicidal behaviors (62, 63). Additionally, our
findings indicated no difference in the use of antipsychotic medications
between the two groups, aligning with the observation that both groups
exhibited similar rates of psychotic symptoms. This supports the
clinical perspective that antipsychotics primarily target psychotic
symptoms rather than directly reducing suicide risk. Interestingly,
mood stabilizer usage was significantly higher among SA patients.
This aligns with findings from earlier studies, which noted that mood
stabilizers can be particularly effective in managing the emotional
dysregulation and impulsive behaviors commonly seen in individuals
at higher risk of suicide (64, 65).

The strengths of this study include the use of a relatively large
inpatient sample, integration of diverse data types (demographic,
clinical, and biochemical), and the application of internal validation
procedures to assess the robustness of the model. In addition,
although our data were derived from a single Chinese inpatient
sample, the consistency of several findings with studies from
Western populations suggests that these correlates of suicidality
may have cross-cultural relevance. However, several limitations
should be acknowledged. First, due to the cross-sectional design,
temporal and causal relationships between the included variables
and SA cannot be established. Longitudinal studies are needed to
confirm these associations and to better understand the temporal
dynamics of suicide risk.

Second, standardized clinician- and self-rated depression scales
(e.g., HAMD-17, MADRS) were not included because such scales
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were not yet fully digitized and therefore unavailable for extraction
from medical records. Instead, depression severity was
supplemented using ICD-10 diagnostic categories (moderate vs.
severe). Given that the vast majority of our cohort consisted of
inpatients with severe depression, the imbalanced distribution likely
reduced statistical power, which may explain why severity was not
retained in the final model. Accordingly, the applicability of our
findings to patients with mild depression is limited. In addition,
psychosocial context (e.g., social support, recent stressors),
personality traits, and further biological markers such as
inflammatory or metabolic parameters were not included, which
may reduce the comprehensiveness of the analysis and omit
important confounding or mediating factors. Third, although
abnormal liver function was considered to control for its potential
influence on biochemical markers, residual confounding from
unmeasured variables remains possible. As electronic medical
records become more comprehensive in the future, more nuanced
and multidimensional data may become available, allowing for
further optimization and refinement of the model. Fourth, the
model was developed and evaluated in a single-center inpatient
population, which may limit its generalizability to other clinical
settings. Future multicenter, prospective studies are warranted to
externally validate and refine this tool. Lastly, we excluded patients
with suicidal ideation alone because documentation of ideation in
the medical records varied greatly in detail and clarity, making
reliable classification difficult in a retrospective design. This
decision may have limited the generalizability of our findings to
the broader spectrum of suicidal behaviors, as some patients with
ideation may later SA.

5 Conclusion

In conclusion, this study identified several demographic, clinical,
and biochemical variables—including tobacco and alcohol use,
education level, stressful life events, and folate levels—that were
significantly associated with SA in patients with MDD. By
integrating these variables, we developed an nomogram that
illustrates their relative contributions but should not be regarded as a
validated clinical assessment tool. Future prospective and multicenter
studies are warranted to confirm these associations and to evaluate the
potential utility of such approaches in broader clinical settings.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics
Committee of Beijing Anding Hospital. The studies were
conducted in accordance with the local legislation and institutional

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1634164
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Lyu et al.

requirements. The ethics committee/institutional review board
waived the requirement of written informed consent for
participation from the participants or the participants’ legal
guardians/next of kin because This was a retrospective study using
anonymized clinical data. Written informed consent was waived
because no identifiable personal information was used, and verbal
consent or broad admission consent had already been obtained from
all patients in accordance with ethics committee approval.

Author contributions

NL: Formal Analysis, Writing — original draft, Visualization,
Methodology. QZ: Project administration, Funding acquisition,
Writing - review & editing, Methodology. RD: Writing - review
& editing. HW: Writing - review & editing, Investigation. GW:
Funding acquisition, Writing - review & editing, Project
administration. AY: Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was financially
supported by Sci-Tech Innovation 2030 -Major Project of Brain science
and brain-inspired intelligence technology (No. 2021ZD0200600);
National Natural Science Foundation of China (N0.82101600);
Beijing Municipal Administration of Hospitals Incubating Program
(Code: PX2022076). HY is funded by the National Institute for Health
and Care Research (NTHR) Maudsley Biomedical Research Centre at
South London and Maudsley NHS Foundation Trust and King's
College London. Grant funding (past and present): NIMH (USA);
CIHR (Canada); NARSAD (USA); Stanley Medical Research Institute
(USA); MRC (UK); Wellcome Trust (UK); Royal College of Physicians
(Edin); BMA (UK); UBC-VGH Foundation (Canada); WEDC
(Canada); CCS Depression Research Fund (Canada); MSFHR
(Canada); NIHR (UK). Janssen (UK); EU Horizon 2020. RD is
funded by a Clinician Scientist Fellowship from the Health
Foundation in partnership with the Academy of Medical Sciences
and her work is supported by the National Institute for Health and

References

1. Beghi M, Butera E, Cerri CG, Cornaggia CM, Febbo F, Mollica A, et al. Suicidal
behaviour in older age: A systematic review of risk factors associated to suicide attempts
and completed suicides. Neurosci Biobehav Rev. (2021) 127:193-211. doi: 10.1016/
j.neubiorev.2021.04.011

2. WHO. Suicide prevention fact sheet. World Health Organization (2021).
Available online at: https://www.who.int/health-topics/suicide.

3. Lundberg J, Cars T, Lampa E, Ekholm Selling K, Leval A, Gannedahl A, et al.
Determinants and outcomes of suicidal behavior among patients with major depressive
disorder. JAMA Psychiatry. (2023) 80:1218-25. doi: 10.1001/jamapsychiatry.2023.2833

4. Gatchel RJ, Ray CT, Kishino N, Brindle A. The biopsychosocial model. Wiley
encyclopedia Health Psychol. (2020), 1-8. doi: 10.1002/9781119057840.ch182

Frontiers in Psychiatry

11

10.3389/fpsyt.2025.1634164

Care Research (NIHR) Biomedical Research Centre at South London
and Maudsley NHS Foundation Trust and King’s College London.

Acknowledgments

We thank all the patients, clinicians, and staff involved in this
study for their invaluable contributions.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that Generative AI was used in the
creation of this manuscript. During the preparation of this work
the authors used ChatGPT (OpenAl) in order to refine the language
and assist in generating code templates. After using this tool/service,
the author(s) reviewed and edited the content as needed and take(s)
full responsibility for the content of the publication.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

5. Dwivedi Y. Stress-diathesis model of suicidal behavior. The Neurobiological Basis
of Suicide (Boca Raton, FL: CRC Press) (2012) 114-117.

6. Huang ZX, Wang Q, Lei S, Zhang W, Huang Y, Zhang C, et al. Development and
validation of the risk score for estimating suicide attempt in patients with major
depressive disorder. Soc Psychiatry Psychiatr Epidemiol. (2024) 59:1029-37.
doi: 10.1007/s00127-023-02572-3

7. Li Q, Liao K. A multimodal prediction model for suicidal attempter in major
depressive disorder. Peer]. (2023) 11:¢16362. doi: 10.7717/peerj.16362

8. Xiao L, Zhou J], Feng Y, Zhu XQ, Wu WY, Hu YD, et al. Does early and late life
depression differ in residual symptoms, functioning and quality of life among the first-episode
major depressive patients. Asian ] Psychiatr. (2020) 47:101843. doi: 10.1016/j.ajp.2019.101843

frontiersin.org


https://doi.org/10.1016/j.neubiorev.2021.04.011
https://doi.org/10.1016/j.neubiorev.2021.04.011
https://www.who.int/health-topics/suicide
https://doi.org/10.1001/jamapsychiatry.2023.2833
https://doi.org/10.1002/9781119057840.ch182
https://doi.org/10.1007/s00127-023-02572-3
https://doi.org/10.7717/peerj.16362
https://doi.org/10.1016/j.ajp.2019.101843
https://doi.org/10.3389/fpsyt.2025.1634164
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Lyu et al.

9. Ye G, LiZ, Yue Y, Wu Y, Yang R, Wang H, et al. Suicide attempt rate and the risk
factors in young, first-episode and drug-naive Chinese Han patients with major
depressive disorder. BMC Psychiatry. (2022) 22:612. doi: 10.1186/s12888-022-04254-x

10. Kim JM, Kang HJ, Kim JW, Choi W, Lee JY, Kim SW, et al. Multiple serum
biomarkers for predicting suicidal behaviours in depressive patients receiving
pharmacotherapy. Psychol Med. (2023) 53:4385-94. doi: 10.1017/s0033291722001180

11. Wang YF, You GY, Han T, Liu Y, Li J, Ji X, et al. Network analysis of comorbid
depression, suicidality and biomarkers on HPA axis among mood disorder patients to
psychiatric emergency services. Transl Psychiatry. (2023) 13:203. doi: 10.1038/s41398-
023-02503-5

12. Franklin JC, Ribeiro JD, Fox KR, Bentley KH, Kleiman EM, Huang X, et al. Risk
factors for suicidal thoughts and behaviors: A meta-analysis of 50 years of research.
Psychol Bull. (2017) 143:187-232. doi: 10.1037/bul0000084

13. Strumila R, Lengvenyte A, Zdanavicius L, Badaras R, Dlugauskas E, Lesinskiene
S, et al. Higher levels of plasma Adrenocorticotropic hormone (ACTH) are associated
with lower suicidal ideation in depressed patients compared to controls and suicide
attempters, independently from depression severity. Compr Psychoneuroendocrinol.
(2024) 19:100235. doi: 10.1016/j.cpnec.2024.100235

14. Liwinski T, Lang UE. Folate and its significance in depressive disorders and
suicidality: A comprehensive narrative review. Nutrients. (2023) 15:3859. doi: 10.3390/
nul5173859

15. Halsted CH, Villanueva JA, Devlin AM, Chandler CJ. Metabolic interactions of
alcohol and folate. J Nutr. (2002) 132:2367s-72s. doi: 10.1093/jn/132.8.2367S

16. Piyathilake CJ, Macaluso M, Hine RJ, Richards EW, Krumdieck CL. Local and
systemic effects of cigarette smoking on folate and vitamin B-12. Am J Clin Nutr. (1994)
60:559-66. doi: 10.1093/ajcn/60.4.559

17. Ulvik A, Ebbing M, Hustad S, Midttun @, Nygérd O, Vollset SE, et al. Long- and
short-term effects of tobacco smoking on circulating concentrations of B vitamins. Clin
Chem. (2010) 56:755-63. doi: 10.1373/clinchem.2009.137513

18. Armoon B, SoleimanvandiAzar N, Fleury M]J, Noroozi A, Bayat AH,
Mohammadi R, et al. Prevalence, sociodemographic variables, mental health
condition, and type of drug use associated with suicide behaviors among people with
substance use disorders: a systematic review and meta-analysis. | Addict Dis. (2021)
39:550-69. doi: 10.1080/10550887.2021.1912572

19. Kim H, Ryu S, Jeon HJ, Roh S. Lifestyle factors and suicide risk: A nationwide
population-based study. J Affect Disord. (2023) 328:215-21. doi: 10.1016/
j.jad.2023.02.044

20. Susam S, [lhan N, Bodur A, Cikim G, Canpolat 0. Is serum homocysteine level a
biomarker of suicide attempts: A preliminary study. ] Psychiatr Res. (2024) 175:455-60.
doi: 10.1016/j.jpsychires.2024.05.043

21. Kim JM, Kim HY, Lee HJ, Kim JW, Kang HJ, Kim SW, et al. Prediction of
suicidality according to serum folate levels in depressive patients receiving stepwise
pharmacotherapy. Front Psychiatry. (2021) 12:747228. doi: 10.3389/fpsyt.2021.747228

22. Aydn EF, Ozcan H, Yilmaz S, Askin S, Koca Lagin T, Topu EN. Homocysteine,
hopelessness, rumination, affective temperaments, and clinical course in patients with bipolar
disorder-1. Nord ] Psychiatry. (2024) 78:465-76. doi: 10.1080/08039488.2024.2347633

23. Liang S, Li D, Liu X, Jiang I, Zhang J, Liu ], et al. Development and validation of a
prediction nomogram for non-suicidal self-injury in female patients with mood
disorder. Front Psychiatry. (2023) 14:1130335. doi: 10.3389/fpsyt.2023.1130335

24. Liang S, Liu X, Li D, Zhang J, Zhao G, Yu H, et al. Development and validation of
a nomogram to predict suicidal behavior in female patients with mood disorder. Front
Psychiatry. (2023) 14:1212579. doi: 10.3389/fpsyt.2023.1212579

25. Liang S, Zhang J, Zhao Q, Wilson A, Huang J, Liu Y, et al. Incidence trends and
risk prediction nomogram for suicidal attempts in patients with major depressive
disorder. Front Psychiatry. (2021) 12:644038. doi: 10.3389/fpsyt.2021.644038

26. WHO. The ICD-10 classification of mental and behavioural disorders: clinical
descriptions and diagnostic guidelines. Geneva: World Health Organization (1992).

27. Kuhn M. Building predictive models in R using the caret package. J Stat Software.
(2008) 28:1-26. doi: 10.18637/js5.v028.i05

28. Harrell FEJr. Describing, resampling, validating, and simplifying the model, In:
Regression modeling strategies: with applications to linear models, logistic and ordinal
regression, and survival analysis. Cham: Springer (2015) p. 103-26. doi: 10.1007/978-3-
319-19425-7

29. Steyerberg EW. Clinical Prediction Models. Cham: Springer (2019). p. 59-93.
doi: 10.1007/978-3-030-16399-0

30. Hosmer DW, Lemeshow S, Cook E. Applied logistic regression. 2nd edition. New
York: JThon Wiley (2000).

31. O’brien RM. A caution regarding rules of thumb for variance inflation factors.
Qual quantity. (2007) 41:673-90. doi: 10.1007/s11135-006-9018-6

32. Vickers AJ, Elkin EB. Decision curve analysis: a novel method for evaluating
prediction models. Med decision making: an Int ] Soc Med Decision Making. (2006)
26:565-74. doi: 10.1177/0272989x06295361

33. Friedman JH, Hastie T, Tibshirani R. Regularization paths for generalized linear
models via coordinate descent. ] Stat Software. (2010) 33:1-22. doi: 10.18637/
jss.v033.i01

Frontiers in Psychiatry

12

10.3389/fpsyt.2025.1634164

34. Bickley H, Hunt IM, Windfuhr K, Shaw J, Appleby L, Kapur N. Suicide within
two weeks of discharge from psychiatric inpatient care: a case-control study. Psychiatr
Serv (Washington D.C.). (2013) 64:653-9. doi: 10.1176/appi.ps.201200026

35. Large MM, Ryan CJ, Carter G, Kapur N. Can we usefully stratify patients
according to suicide risk? BMJ (Clinical Res ed.). (2017) 359:4627. doi: 10.1136/
bmj.j4627

36. SuY, Ye C, Xin Q, Si T. Major depressive disorder with suicidal ideation or
behavior in Chinese population: A scoping review of current evidence on disease
assessment, burden, treatment and risk factors. J Affect Disord. (2023) 340:732-42.
doi: 10.1016/j.jad.2023.08.106

37. Zhao K, Zhou S, Shi X, Chen J, Zhang Y, Fan K, et al. Potential metabolic
monitoring indicators of suicide attempts in first episode and drug naive young patients
with major depressive disorder: a cross-sectional study. BMC Psychiatry. (2020) 20:387.
doi: 10.1186/512888-020-02791-x

38. Qien-Odegaard C, Hauge L], Reneflot A. Marital status, educational attainment,
and suicide risk: a Norwegian register-based population study. Population Health
metrics. (2021) 19:33. doi: 10.1186/s12963-021-00263-2

39. Cranney S, Wilkinson ST. The relationship between marital status and risk for
suicidal thoughts, plans, and attempts: Evidence for a growing association. | Affect
Disord. (2025) 391:119862. doi: 10.1016/j.jad.2025.119862

40. Hawton K, Casaflas ICC, Haw C, Saunders K. Risk factors for suicide in
individuals with depression: a systematic review. J Affect Disord. (2013) 147:17-28.
doi: 10.1016/j.jad.2013.01.004

41. Wang Y, Sareen J, Afifi TO, Bolton SL, Johnson EA, Bolton JM. A population-
based longitudinal study of recent stressful life events as risk factors for suicidal
behavior in major depressive disorder. Arch Suicide Res. (2015) 19:202-17.
doi: 10.1080/13811118.2014.957448

42. Jung M. The relationship between alcohol abuse and suicide risk according to
smoking status: A cross-sectional study. J Affect Disord. (2019) 244:164-70.
doi: 10.1016/j.jad.2018.09.077

43. Pompili M, Serafini G, Innamorati M, Dominici G, Ferracuti S, Kotzalidis GD,
et al. Suicidal behavior and alcohol abuse. Int ] Environ Res Public Health. (2010)
7:1392-431. doi: 10.3390/ijerph7041392

44. Rizk MM, Herzog S, Dugad S, Stanley B. Suicide risk and addiction: the impact of
alcohol and opioid use disorders. Curr Addict Rep. (2021) 8:194-207. doi: 10.1007/
540429-021-00361-z

45. Berlin I, Hakes JK, Hu MC, Covey LS. Tobacco use and suicide attempt:
longitudinal analysis with retrospective reports. PloS One. (2015) 10:e0122607.
doi: 10.1371/journal.pone.0122607

46. O'Neill S, O'Connor RC. Suicide in Northern Ireland: epidemiology, risk factors,
and prevention. Lancet Psychiatry. (2020) 7:538-46. doi: 10.1016/52215-0366(19)30525-5

47. Zhong ], Huang XJ, Wang XM, Xu MZ. The mediating effect of distress tolerance
on the relationship between stressful life events and suicide risk in patients with major
depressive disorder. BMC Psychiatry. (2023) 23:118. doi: 10.1186/s12888-023-04600-7

48. Howarth EJ, O'Connor DB, Panagioti M, Hodkinson A, Wilding S, Johnson J.
Are stressful life events prospectively associated with increased suicidal ideation and
behaviour? A systematic review and meta-analysis. J Affect Disord. (2020) 266:731-42.
doi: 10.1016/j.jad.2020.01.171

49. Braquehais MD, Picouto MD, Casas M, Sher L. Hypothalamic-pituitary-adrenal
axis dysfunction as a neurobiological correlate of emotion dysregulation in adolescent
suicide. World ] pediatrics: WJP. (2012) 8:197-206. doi: 10.1007/s12519-012-0358-0

50. Berardelli I, Serafini G, Cortese N, Fiasche F, O'Connor RC, Pompili M. The
involvement of hypothalamus-pituitary-adrenal (HPA) axis in suicide risk. Brain Sci.
(2020) 10:653. doi: 10.3390/brainscil0090653

51. Wistowska-Stanek A, Kotosowska K, Maciejak P. Neurobiological basis of
increased risk for suicidal behaviour. Cells. (2021) 10:2519. doi: 10.3390/cells10102519

52. Hennings JM, Ising M, Uhr M, Holsboer F, Lucae S. Effects of weariness of life,
suicide ideations and suicide attempt on HPA axis regulation in depression.
Psychoneuroendocrinology. (2021) 131:105286. doi: 10.1016/j.psyneuen.2021.105286

53. Pfennig A, Kunzel HE, Kern N, Ising M, Majer M, Fuchs B, et al. Hypothalamus-
pituitary-adrenal system regulation and suicidal behavior in depression. Biol
Psychiatry. (2005) 57:336-42. doi: 10.1016/j.biopsych.2004.11.017

54. Kim B, Kang ES, Fava M, Mischoulon D, Soskin D, Yu BH, et al. Follicle-
stimulating hormone (FSH), current suicidal ideation and attempt in female patients
with major depressive disorder. Psychiatry Res. (2013) 210:951-6. doi: 10.1016/
j.psychres.2013.08.057

55. Maes M, Vandewoude M, Schotte C, Martin M, Blockx P, Scharpe S, et al.
Hypothalamic-pituitary-adrenal and -thyroid axis dysfunctions and decrements in the
availability of L-tryptophan as biological markers of suicidal ideation in major depressed
females. Acta Psychiatr Scand. (1989) 80:13-7. doi: 10.1111/j.1600-0447.1989.tb01294.x

56. Bradvik L, Mattisson C, Bogren M, Nettelbladt P. Mental disorders in suicide
and undetermined death in the Lundby Study. The contribution of severe depression
and alcohol dependence. Arch Suicide Res. (2010) 14:266-75. doi: 10.1080/
13811118.2010.494146

57. Gournellis R, Tournikioti K, Touloumi G, Thomadakis C, Michalopoulou PG,
Christodoulou C, et al. Psychotic (delusional) depression and suicidal attempts: a

frontiersin.org


https://doi.org/10.1186/s12888-022-04254-x
https://doi.org/10.1017/s0033291722001180
https://doi.org/10.1038/s41398-023-02503-5
https://doi.org/10.1038/s41398-023-02503-5
https://doi.org/10.1037/bul0000084
https://doi.org/10.1016/j.cpnec.2024.100235
https://doi.org/10.3390/nu15173859
https://doi.org/10.3390/nu15173859
https://doi.org/10.1093/jn/132.8.2367S
https://doi.org/10.1093/ajcn/60.4.559
https://doi.org/10.1373/clinchem.2009.137513
https://doi.org/10.1080/10550887.2021.1912572
https://doi.org/10.1016/j.jad.2023.02.044
https://doi.org/10.1016/j.jad.2023.02.044
https://doi.org/10.1016/j.jpsychires.2024.05.043
https://doi.org/10.3389/fpsyt.2021.747228
https://doi.org/10.1080/08039488.2024.2347633
https://doi.org/10.3389/fpsyt.2023.1130335
https://doi.org/10.3389/fpsyt.2023.1212579
https://doi.org/10.3389/fpsyt.2021.644038
https://doi.org/10.18637/jss.v028.i05
https://doi.org/10.1007/978-3-319-19425-7
https://doi.org/10.1007/978-3-319-19425-7
https://doi.org/10.1007/978-3-030-16399-0
https://doi.org/10.1007/s11135-006-9018-6
https://doi.org/10.1177/0272989x06295361
https://doi.org/10.18637/jss.v033.i01
https://doi.org/10.18637/jss.v033.i01
https://doi.org/10.1176/appi.ps.201200026
https://doi.org/10.1136/bmj.j4627
https://doi.org/10.1136/bmj.j4627
https://doi.org/10.1016/j.jad.2023.08.106
https://doi.org/10.1186/s12888-020-02791-x
https://doi.org/10.1186/s12963-021-00263-2
https://doi.org/10.1016/j.jad.2025.119862
https://doi.org/10.1016/j.jad.2013.01.004
https://doi.org/10.1080/13811118.2014.957448
https://doi.org/10.1016/j.jad.2018.09.077
https://doi.org/10.3390/ijerph7041392
https://doi.org/10.1007/s40429-021-00361-z
https://doi.org/10.1007/s40429-021-00361-z
https://doi.org/10.1371/journal.pone.0122607
https://doi.org/10.1016/s2215-0366(19)30525-5
https://doi.org/10.1186/s12888-023-04600-7
https://doi.org/10.1016/j.jad.2020.01.171
https://doi.org/10.1007/s12519-012-0358-0
https://doi.org/10.3390/brainsci10090653
https://doi.org/10.3390/cells10102519
https://doi.org/10.1016/j.psyneuen.2021.105286
https://doi.org/10.1016/j.biopsych.2004.11.017
https://doi.org/10.1016/j.psychres.2013.08.057
https://doi.org/10.1016/j.psychres.2013.08.057
https://doi.org/10.1111/j.1600-0447.1989.tb01294.x
https://doi.org/10.1080/13811118.2010.494146
https://doi.org/10.1080/13811118.2010.494146
https://doi.org/10.3389/fpsyt.2025.1634164
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Lyu et al.

systematic review and meta-analysis. Acta Psychiatr Scand. (2018) 137:18-29.
doi: 10.1111/acps.12826

58. Black DW, Winokur G, Nasrallah A. Effect of psychosis on suicide risk in 1,593
patients with unipolar and bipolar affective disorders. Am J Psychiatry. (1988) 145:849—
52. doi: 10.1176/ajp.145.7.849

59. Leadholm AK, Rothschild AJ, Nielsen J, Bech P, Ostergaard SD. Risk factors for
suicide among 34,671 patients with psychotic and non-psychotic severe depression. |
Affect Disord. (2014) 156:119-25. doi: 10.1016/j.jad.2013.12.003

60. Kim AM, Jeon SW, Cho §J, Shin YC, Park JH. Comparison of the factors for
suicidal ideation and suicide attempt: a comprehensive examination of stress, view of
life, mental health, and alcohol use. Asian ] Psychiatr. (2021) 65:102844. doi: 10.1016/
j.ajp.2021.102844

61. Riera-Serra P, Navarra-Ventura G, Castro A, Gili M, Salazar-Cedillo A, Ricci-
Cabello I, et al. Clinical predictors of suicidal ideation, suicide attempts and suicide

Frontiers in Psychiatry

13

10.3389/fpsyt.2025.1634164

death in depressive disorder: a systematic review and meta-analysis. Eur Arch
Psychiatry Clin Neurosci. (2024) 274:1543-63. doi: 10.1007/s00406-023-01716-5

62. Group, U.ER. Efficacy and safety of electroconvulsive therapy in depressive
disorders: a systematic review and meta-analysis. Lancet (London England). (2003)
361:799-808. doi: 10.1016/s0140-6736(03)12705-5

63. Trifu S, Sevcenco A, Stanescu M, Dragoi AM, Cristea MB. Efficacy of
electroconvulsive therapy as a potential first-choice treatment in treatment-resistant
depression (Review). Exp Ther Med. (2021) 22:1281. doi: 10.3892/etm.2021.10716

64. Guzzetta F, Tondo L, Centorrino F, Baldessarini R]. Lithium treatment reduces
suicide risk in recurrent major depressive disorder. J Clin Psychiatry. (2007) 68:380-3.
doi: 10.4088/jcp.v68n0304

65. Rihmer Z, Gonda X. Pharmacological prevention of suicide in patients with
major mood disorders. Neurosci Biobehav Rev. (2013) 37:2398-403. doi: 10.1016/
j.neubiorev.2012.09.009

frontiersin.org


https://doi.org/10.1111/acps.12826
https://doi.org/10.1176/ajp.145.7.849
https://doi.org/10.1016/j.jad.2013.12.003
https://doi.org/10.1016/j.ajp.2021.102844
https://doi.org/10.1016/j.ajp.2021.102844
https://doi.org/10.1007/s00406-023-01716-5
https://doi.org/10.1016/s0140-6736(03)12705-5
https://doi.org/10.3892/etm.2021.10716
https://doi.org/10.4088/jcp.v68n0304
https://doi.org/10.1016/j.neubiorev.2012.09.009
https://doi.org/10.1016/j.neubiorev.2012.09.009
https://doi.org/10.3389/fpsyt.2025.1634164
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Nomogram for estimating the risk of suicide attempts in major depressive disorder: integrating demographic, clinical and biochemical markers – a cross-sectional study
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Clinical variables
	2.3 Ethics approval and consent to participate
	2.4 Statistical analysis
	2.5 Model construction and evaluation

	3 Results
	3.1 Baseline demographic, clinical characteristics, and biochemical parameters
	3.2 Identification of associated factors
	3.3 Exploratory nomogram

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


