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Aim: Suicide is the most severe consequence of Major Depressive Disorder

(MDD). Current risk assessments rely heavily on subjective self-reports, which

lack reliability. Emerging technologies, such as facial and behavioral recognition

devices, are being explored to improve suicide risk evaluation. This study aimed

to examine the potential of 3D facial features in identifying suicide risk and

uncovering sex-specific characteristics in patients with MDD.

Methods: We conducted a cross-sectional study involving 222 MDD patients.

Suicide-related information was collected from caregivers, while independent

raters assessed depressive symptoms and recorded sociodemographic data.

Three-dimensional facial scans were acquired using the 3dMDface System,

followed by preprocessing to extract key facial landmarks. Sex-stratified

subgroup analyses were performed to identify suicide risk-associated facial

features. Logistic regression analysis was used to evaluate predictors, including

demographic data, clinical characteristics, and the identified facial markers.

Results: Data from 203 patients were analyzed, including 110 in the suicide-risk

group and 93 in the non-suicidal group. The suicidal group exhibited significantly

shorter philtrum length (t = 2.137, p < 0.05). Analyses revealed sex-specific facial

patterns, with males demonstrating suicide risk association with philtrum depth

(t=2.389, p < 0.05) and females showing nose-eye distance variations (U = 1121,

p < 0.05). Logistic regression identified female (OR = 2.055, 95% CI: 1.107-3.873,

p < 0.05) and shallow philtrum (OR = 0.644, 95% CI: 0.419-0.952, p < 0.05) as

potential factors, with a significant interaction effect (OR = 1.963, 95% CI: 0.419-

0.952, p < 0.05).

Conclusion: This study identified sex-specific facial features associated with

suicide risk in MDD, with reduced philtrum depth in females emerging as a

correlate. These objective measures could complement current clinical risk

assessments, though further longitudinal validation is required.

Clinical tr ia l registrat ion: https://www.chict r .org .cn, ident ifier

ChiCTR2400090458.
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1 Introduction

Major Depressive Disorder (MDD) poses a profound and

growing public health challenge, with its global incidence having

risen by approximately 50% over the past three decades (1, 2). By

2021, depressive disorders ranked as the 12th leading cause of years

lived with disability worldwide (3), underscoring the urgent need

for effective intervention strategies. Among the most severe

consequences of MDD is suicide. Although suicidal ideation and

behaviors are transdiagnostic phenomena (4), MDD remains their

strongest predictor (5). Supporting this, Lucht et al. (6)

demonstrated that negative mood states significantly predict both

the escalation and persistence of suicidal thoughts. The scale of the

issue is further highlighted by a meta-analysis in China, which

found that 53.1% of MDD patients experienced suicidal ideation,

17.5% made plans, and 23.7% attempted suicide at some point in

their lives (7). Developmental evidence confirms adolescence as a

high-risk period for suicidal behavior. In a UK cohort, 12% of 16-

year-olds with suicidal ideation attempted suicide within five years

(8), consistent with epidemiological data showing peak onset of

suicidality occurs between ages 11-17 (9).

This high prevalence necessitates improved methods for the

early identification of suicidality. Current clinical practice relies

heavily on self-report instruments, such as the Beck Scale for

Suicide Ideation (10) and the Columbia-Suicide Severity Rating

Scale (11). While invaluable, these tools share a critical limitation

due to their dependence on patients’ subjective recall and

willingness to disclose, potentially resulting in unintentional

inaccuracy or deliberate concealment. Given the established link

between suicide risk and depression severity (5), the search for

objective biomarkers has gained momentum. Emerging

technologies that analyze facial expressions, which are a known

indicator of depressive states, offer a promising avenue to

supplement traditional assessments (12). These integrated systems

use video-based behavioral analysis for multidimensional

evaluation (13–15). For instance, researchers have observed that

individuals at high suicide risk often exhibit gaze aversion when

questioned about suicide, a behavior that is strongly correlated with

suicidal ideation (16, 17). Other subtle cues, such as reduced

blinking and decreased eyelid movement, have also been noted

(18). The evidence regarding specific facial expressions, however, is

mixed. While reduced smiling has been associated with suicidal

thoughts (16, 19), one recent study intriguingly found that

expressions of disgust might be even more accurate indicators of

risk than smiles (20). These inconsistent findings across the

literature may stem from methodological constraints, as most

existing systems rely on standard two-dimensional (2D) imaging,

which captures only surface-level details and lacks the depth

information necessary to detect nuanced facial dynamics.

This limitation highlights the potential of three-dimensional

(3D) facial imaging, a technology that captures the face’s detailed

geometry through x, y, and z coordinates. Unlike 2D photographs,

3D scans generate comprehensive facial models in seconds,

enabling precise measurement of subtle morphological traits. In
Frontiers in Psychiatry 02
practice, the reliability and efficiency of 3D imaging contribute to its

emerging role as a valuable tool in medicine (21–24). Crucially, by

quantifying depth and angular relationships, 3D technology permits

rigorous symmetry analysis and other detailed assessments that are

simply not possible with 2D images (25). The precision of 3D

imaging, now applied in psychiatric research, enables the

identification of distinct facial phenotypes. In a key study, Haque

et al. (26) developed a combined 3D facial-vocal model that

detected depression with 83.3% sensitivity and 82.6% specificity,

demonstrating the clinical feasibility of this approach for objective

mental health assessment.

Despite these technological advances, it is still an open question

whether 3D facial features can distinguish suicide risk in MDD. In

this initial exploration, we analyzed a cohort of patients stratified by

suicide risk level, looking specifically for potential sex-specific

markers. By building models that combine multiple data types,

we hope to identify any associations. Finding such features would

mark a first, crucial advance in developing objective

assessment methods.
2 Methods

This analysis is derived from a cross-sectional study

investigating facial features and oral microbiota in patients with

MDD. The parent study was registered with the Chinese Clinical

Trial Registry (ChiCTR-2400090458). We recruited participants

diagnosed with MDD from the inpatient unit at Beijing Anding

Hospital’s Depression Treatment Center. Trained examiners

collected 3D facial imaging data using standardized protocols. All

participants completed comprehensive assessments of

affective symptoms.
2.1 Participants

The participants were recruited from Beijing Anding Hospital

and assessed by inpatient physicians. Using a consecutive

enrollment approach, we included patients from April 2022

through December 2023. Eligibility was contingent upon the

following criteria: (1) Patients diagnosed with MDD according to

the International Statistical Classification of Diseases and Related

Health Problems, Tenth Revision (F32-F33) (27); (2) Han Chinese

descent, aged between 16 to 50 years. The exclusion criteria

encompassed (1) Young Mania Rating Scale (YMRS) score > 6

points; (2) a history of craniofacial trauma or surgery. All

participants gave written informed consent. Standard care

comprised antidepressants, with antipsychotics or mood

stabilizers added based on clinical assessment.

The study received approval from the Ethics Committee of

Beijing Anding Hospital, Capital Medical University (Approval

number: 2021-Science Research Program-104). Participants were

not paid for their involvement, and all provided written informed

consent before participating.
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2.2 Assessment

2.2.1 Suicide-related assessment
To reduce the risk of patients concealing information, we

collected suicide-related data from medical records containing

both patient and caregiver reports. Participants with prior suicide

attempts, self-harm, or current suicidal ideation were classified as

suicide risk (28). This classification aligns with clinical psychiatric

practice for suicide risk assessment. Data were extracted directly

from medical records to minimize underreporting bias (29).

2.2.2 Affective symptom assessment
Fron
1. 17-item Hamilton Depression Rating Scale (HDRS-17), a

clinician-administered scale with items scored 0-4 (total

score range: 0-68) (30). We used the validated Chinese

version (31).

2. 9-item Patient Health Questionnaire (PHQ-9), a self-report

measure with items scored 0-3 (total score range: 0-27)

(32). The Chinese version has demonstrated validity (33).

3. Hamilton Anxiety Scale (HAMA): Clinician-administered

14-item scale (0–4 per item; total score range: 0-56), widely

used in depression research (34, 35).

4. Generalized Anxiety Disorder-7 (GAD-7): Validated 7-

item self-report measure (0–3 per item; total score range:

0-21) for core anxiety symptoms (36).

5. Young Mania Rating Scale (YMRS): Clinician-

administered scale assessing manic symptoms across 11

items. Each item is scored from 0 to 4 (items 5, 6, and 8

scored 0-8), yielding a total score range of 0-60 (37). We

used the YMRS to exclude participants with manic or

hypomanic features.
2.2.3 Momentary mood assessment
Immediate Mood Scale (IMS), a 22-item self-report measure,

assessed transient affective states using a validated Chinese version

with a 7-point Likert scale (-3 [hopeless] to +3 [hopeful]) (38). Total

scores were calculated by summing all items. Participants completed

the IMS immediately before undergoing 3D facial imaging to control

for the acute effects of mood on facial morphology.
2.3 3D facial features acquisition and
processing

We acquired 3D facial images using the 3dMDface System

(www.3dmd.com) under standardized lighting conditions (natural

or artificial). Participants removed facial accessories to ensure

optimal capture quality. The system’s cameras captured images

from fixed angles, with proprietary algorithms generating raw 3D

data (0.2mm accuracy), including point clouds and texture files. The

preprocessing pipeline involved identifying and aligning key facial

landmarks, with pose normalization performed through global

rotation of the complete facial model centered at the nasal tip

(designated as point O’). This rotation step preserved the original
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point cloud distribution without altering individual morphological

characteristics. Subsequent alignment was conducted using multiple

landmarks. To reduce noise and facilitate group-level comparisons,

surface smoothing was applied using the validated MeshMonk (39),

which generates landmark-derived facial features that closely

correspond to anatomical measurements. Collectively, these steps

standardized the dataset for robust three-dimensional

morphometric analysis. Figure 1A shows the 3D facial

reconstruction with XYZ axis orientation for spatial analysis.2.5

Face landmarks labeling. Each sample contained 72 standardized

facial landmarks (P0-P71; Figure 1B) encompassing key

morphological features: facial contours, oral commissures, nasal

alae, and ocular canthi. All directional references adopt the

observer’s perspective unless specified.

From pre-annotated landmarks, we selected 47 features based

on their relevance to psychiatric research. Analyses comprised

linear, angular, and surface measurements, enhanced by ratio and

midpoint techniques. The photographer-recorded laterality was

converted to anatomical orientation. Additional details are

provided in the Supplementary Materials.
2.4 Statistical analysis

All statistical analyses were conducted using R software, version

4.3.1. Categorical variables were expressed in terms of frequency

and percentage, with intergroup comparisons made using the chi-

square (c2) test. For continuous variables, the mean ± standard

deviation (SD) was reported following a Shapiro-Wilk test for

normality. Normally distributed variables were analyzed using the

independent samples t-test, while the non-parametric Mann-

Whitney U test was applied for those not meeting normality

criteria. Logistic regression was used to identify clinical and facial

variables correlated with suicide risk. To address the issue of

multiple comparisons arising from testing numerous facial

features against suicide risk, we controlled the false discovery rate

using the Benjamini-Hochberg procedure. Statistical significance

was set at p < 0.05, indicating a meaningful difference.
3 Results

We screened 222 participants and excluded 19 (10 withdrew

consent, 9 had poor-quality 3D images), leaving 203 for analysis.

These patients were divided into two groups based on suicide risk:

the suicide risk group (SR, n = 110) and the no-suicide risk group

(NSR, n = 93).
3.1 Intergroup comparison of
demographic, clinical characteristics, and
3D facial features

Demographic and clinical characteristics were largely

comparable between the SR and NSR groups. No significant
frontiersin.org

http://www.3dmd.com
https://doi.org/10.3389/fpsyt.2025.1650104
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Yang et al. 10.3389/fpsyt.2025.1650104
differences were observed in age, body mass index, diagnostic

subtype, presence of psychotic symptoms, or scores on depression

and anxiety scales. The SR included a significantly higher

proportion of female patients (62%) compared to the NSR group

(46%; c² = 4.329, p < 0.05). Detailed demographic and clinical data

are provided in Table 1.

Among the 47 facial features analyzed, philtrum length was the

only measure that differed significantly between groups. Patients in

the SR group had a shorter philtrum length than those in the NSR

group (t = 2.137, p < 0.05). No other 3D facial features showed

statistically significant differences in the overall sample (Table 2).
3.2 Sex-specific 3D facial features for
suicide risk

When analyses were stratified by sex, distinct facial patterns

emerged. Among male patients, a deeper philtrum was significantly

associated with suicide risk (t = 2.389, p < 0.05). In female patients, a

shorter distance between the nose and the left eye (Dist Leye nose)

showed a stronger association with suicide risk (U = 1121, p < 0.05).

The complete set of sex-stratified analyses is presented in Table 3.
3.3 Exploratory factors associated with
suicide risk in MDD

An exploratory logistic regression was performed to evaluate

the joint contribution of sex and facial morphology to suicide risk.

The results indicated that female sex (OR = 1.944, 95% CI: 1.107–
Frontiers in Psychiatry 04
3.873) and shallower philtrum depth (OR = 0.650, 95% CI: 0.419–

0.952) were each independently associated with suicide risk (both

p < 0.05). A significant interaction was observed between female sex

and philtrum depth (OR = 2.349, 95% CI: 1.079–3.655, p < 0.05),

suggesting a combined effect on suicide risk. After adjusting for

multiple comparisons using the Benjamini-Hochberg procedure,

the association for philtrum depth and the interaction term

remained marginally significant (p_adj = 0.068). Full regression

results are shown in Table 4.
4 Discussion

Our study identified distinct facial morphology patterns

associated with suicide risk in depression, with variations between

sexes. Reduced philtrum depth showed a particular association with

suicide risk in women, supported by a significant interaction term

between female sex and philtrum morphology. While these findings

should be interpreted as exploratory, they contribute to the growing

interest in developing objective markers for suicide risk assessment.

Women consistently show higher rates of suicidal ideation and

attempts (40, 41), which aligns with the sex-specific associations

observed in our study. Neurochemical profiles reveal that women

typically show higher densities of 5-Hydroxytryptamine receptor

1A (5-HT1A) and lower serotonin transporter (5-HTT) availability

in key emotional processing regions like the hippocampus (42).

This pattern may contribute to their increased vulnerability to stress

and depression (43, 44). Consistent evidence from Arango et al. (45)

and Aleksandra et al. (46) demonstrated reduced 5-HT1A receptor

and 5-HTT function across multiple brain regions, including the
FIGURE 1

3D facial landmarks are labeled as the basis for morphological quantitative analysis. (a) Representation of a 3D facial image based on meshes within a
three-dimensional coordinate space. The face exhibits overall symmetry concerning the X-Y-Z plane. (b) Example of 72 landmarks on a 3D facial
surface.
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TABLE 1 Characteristics of patients with MDD in the NSR and SR.

Variables
Overall (n=203) NSR (n=93) SR (n=110)

U/c2 p
Mean (SD) Mean (SD) Mean (SD)

Age 26.95 (9.96) 27.87 (10.47) 26.17 (9.49) 5333.5 0.600

Gender, n (%) 4.329 0.038*

Male 92 (45%) 50 (54%) 42 (38%)

Female 111 (55%) 43 (46%) 68 (62%)

BMI 23.25 (4.66) 23.74 (4.89) 22.83 (4.45) 5580.0 0.265

Diagnosis, n (%) 0.090 0.765

Single-episode depressive disorder 106 (52%) 47 (51%) 59 (54%)

Recurrent depressive disorder 97 (48%) 46 (49%) 51 (46%)

Psychotic symptoms, n (%) 0.025 0.873

Without Psychotic symptoms 183 (90%) 83 (89%) 100 (91%)

With Psychotic symptoms 20 (10%) 10 (11%) 10 (9%)

IMS -1.22 (27.44) 3.23 (27.66) -4.99 (26.81) 5934.0 0.050

PHQ-9 15.30 (6.48) 14.48 (6.32) 15.98 (6.56) 4416.0 0.094

GAD-7 10.27 (5.74) 10.62 (5.72) 9.96 (5.77) 5484.5 0.376

HDRS-17 20.51 (7.52) 20.00 (7.45) 20.95 (7.58) 4732.0 0.359

HAMA 18.76 (9.14) 19.76 (9.39) 17.92 (8.87) 5717.0 0.149
F
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NSR, No-suicide risk group; SR, Suicide risk group; BMI, Body mass index; IMS, Immediate Mood Scale; PHQ-9, 9-item Patient Health Questionnaire; GAD-7, Generalized Anxiety Disorder;
HDRS-17, 17-item Hamilton Depression Rating Scale; HAMA, Hamilton Anxiety Scale; *p < 0.05.
TABLE 2 Differences in 3D facial features between NSR and SR.

Variables
NSR (n=93) SR (n=110)

t/U p
Mean (SD) Mean (SD)

Distance features (mm)

Forehead width 122.44 (6.64) 122.30 (5.80) 0.164 0.870

Face width 155.00 (9.09) 153.18 (8.17) 1.486 0.139

Face length 132.68 (8.17) 131.86 (6.83) 0.772 0.441

Jaw width 139.56 (10.77) 135.95 (9.30) 1.832 0.069

Nose width 28.76 (2.23) 28.38 (2.30) 1.214 0.226

Nose height 14.49 (1.80) 14.47 (1.74) 5200 0.839

Nose depth 17.53 (2.74) 17.39 (2.59) 0.360 0.719

Nose length 41.36 (3.25) 41.72 (2.79) -0.833 0.406

Part nose x 28.69 (2.25) 28.29 (2.27) 1.258 0.210

Part nose y 50.91 (3.17) 51.05 (2.73) -0.331 0.741

Philtrum depth 3.83 (1.75) 3.57 (1.58) 1.101 0.273

Philtrum length 16.14 (2.45) 15.45 (2.13) 2.137 0.034*

Philtrum length flat 15.56 (2.44) 14.91 (2.28) 1.964 0.051

Mouth width 49.38 (4.27) 48.38 (3.89) 5854 0.077

Part mouth x 49.33 (4.25) 48.34 (3.88) 1.712 0.089

(Continued)
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TABLE 2 Continued

Variables
NSR (n=93) SR (n=110)

t/U p
Mean (SD) Mean (SD)

Distance features (mm)

Dist nose lip 22.69 (2.40) 22.34 (2.21) 1.099 0.273

Upper lip thick 9.52 (1.64) 9.63 (1.62) -0.479 0.633

Lower lip thick 10.90 (1.71) 11.20 (1.67) -1.257 0.210

Chin depth 24.32 (17.58) 25.30 (19.88) 5208 0.824

Chin length 41.53 (13.73) 41.72 (15.79) 5323 0.619

center eye width 25.93 (1.55) 25.93 (1.52) 0.002 0.998

Right eye width 25.77 (1.64) 25.94 (1.48) -0.774 0.440

Dist inner eyes 39.88 (3.01) 40.08 (2.79) -0.493 0.623

Dist outer eyes 90.30 (5.11) 90.66 (4.24) -0.536 0.592

Dist Leye nose 19.61 (2.04) 19.91 (1.62) 4567 0.189

Dist Reye nose 20.20 (1.60) 20.14 (1.65) 0.286 0.775

Part Leye x 25.29 (1.47) 25.31 (1.37) -0.119 0.905

Part Leye y 7.64 (1.85) 7.39 (1.84) -0.604 0.547

Part Reye x 25.17 (1.52) 25.27 (1.39) -0.473 0.637

Part Reye y 7.62 (1.77) 7.88 (1.79) -1.067 0.287

Part Leyepit y 28.77 (3.05) 28.58 (3.07) 0.430 0.667

Part Reyepit y 28.73 (2.79) 28.82 (3.17) 4954 0.700

Angle features (°)

Philtrum slope x 1.52 (0.04) 1.53 (0.03) 4440 0.106

Philtrum slope y 0.25 (0.10) 0.25 (0.11) 0.284 0.777

Philtrum slope z 1.33 (0.11) 1.33 (0.11) -0.068 0.946

Chin slope x 1.53 (0.04) 1.53 (0.04) 5351 0.572

Chin slope y 0.60 (0.25) 0.61 (0.26) 5201 0.838

Chin slope z 0.98 (0.25) 0.96 (0.26) 4567 0.189

center eye slope x 0.21 (0.08) 0.21 (0.06) 4832 0.498

center eye slope y 1.48 (0.05) 1.47 (0.05) 1.017 0.310

center eye slope z 1.40 (0.09) 1.40 (0.07) 5335 0.599

Right eye slope x 0.21 (0.07) 0.22 (0.06) -1.752 0.081

Right eye slope y 1.47 (0.05) 1.46 (0.05) 5462 0.406

Right eye slope z 1.41 (0.07) 1.39 (0.07) 1.578 0.116

Area features (mm2)

center eye area 126.40 (30.97) 129.19 (30.98) -0.639 0.524

Right eye area 130.40 (31.82) 132.07 (33.01) -0.366 0.715

Midpoint projection (mm)

Forehead height 120.04 (4.38) 120.40 (4.40) -0.575 0.566
F
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NSR, No-suicide risk group; SR, Suicide risk group; *p < 0.05.
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TABLE 3 Differences in 3D facial features between NSR and SR by gender.

Variables
Male NSR (n=50) vs. SR (n =42) Female NSR (n=43) vs. SR (n =68)

t/U p t/U p

Distance features (mm)

Forehead width -0.080 0.937 -0.977 0.331

Face width 0.828 0.410 0.131 0.896

Face length 1.540 0.127 -1.362 0.176

Jaw width 1.396 0.166 0.001 0.999

Nose width 1.157 0.251 -0.904 0.368

Nose height 970 0.533 1430 0.849

Nose depth -0.360 0.720 0.146 0.884

Nose length -1.308 0.194 -1.046 0.299

Part nose x 1.232 0.221 -0.886 0.378

Part nose y -0.609 0.544 -0.938 0.351

Philtrum depth 2.389 0.019 * -1.112 0.269

Philtrum length 1.799 0.075 0.418 0.677

Philtrum length flat 1.400 0.165 0.600 0.550

Mouth width 1217 0.192 1493 0.854

Part mouth x 1.449 0.151 0.133 0.894

Dist nose lip 0.730 0.467 0.067 0.947

Upper lip thick -0.507 0.614 -0.193 0.848

Lower lip thick -0.439 0.662 -1.614 0.110

Chin depth 1130 0.533 1393 0.678

Chin length 1174 0.333 1380 0.622

center eye width 0.067 0.946 -0.227 0.821

Right eye width -0.228 0.820 -1.219 0.226

Dist inner eyes -0.603 0.548 -1.196 0.234

Dist outer eyes -0.432 0.667 -1.231 0.222

Dist Leye nose 971 0.538 1121 0.039 *

Dist Reye nose 0.022 0.983 -0.319 0.750

Part Leye x -0.125 0.901 -0.240 0.811

Part Leye y 0.115 0.908 0.001 0.999

Part Reye x 0.043 0.966 -1.208 0.230

Part Reye y 0.206 0.838 -0.868 0.388

Part Leyepit y 1.385 0.170 -0.892 0.375

Part Reyepit y 1166 0.365 1234 0.168

Angle features (°)

Philtrum slope x 891 0.214 1297 0.319

Philtrum slope y 1.678 0.097 -1.166 0.247

Philtrum slope z 1.163 0.248 0.787 0.434

(Continued)
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dorsal raphe nucleus, prefrontal cortex, and hypothalamus, in

depressed individuals who died by suicide, indicating that

serotonergic dysfunction is a key neurobiological basis of suicide.

Furthermore, estrogen fluctuations during pregnancy and

menopause in females can modulate serotonin activity and

serotonin transporter availability (47, 48). From a developmental

perspective, the link between philtrum morphology and suicide risk

in women may share embryological origins. During weeks 4–7 of

gestation, neural crest cells give rise to both the midfacial

prominences forming the philtrum and the limbic structures

regulating emotional processing (49, 50). Lower testosterone

levels in female embryos may be associated with shallower

philtrum development (51) and concurrently influence the

maturation of emotion-regulation pathways such as the

prefrontal-amygdala circuit (52). It remains unclear whether a
Frontiers in Psychiatry 08
shal lower phil trum arises primari ly from female sex

characteristics or reflects atypical development of emotional

neurocircuitry. Future studies should focus on high-risk female

populations to examine how philtrum depth correlates with

emotional regulation function and suicide vulnerability.

Facial features capture both biological traits and emotional

expression. Muscle movements around the mouth directly alter

philtrum morphology. For instance, contraction of the orbicularis

oris shortens the upper lip and flattens the philtrum, an expression

linked to anxiety (53). Similarly, activation of the depressor anguli

oris elongates and shallowens the philtrum in sad or fearful

expressions (54). These expressive patterns are consistent across

cultures (55). Our findings reveal that a shallower philtrum depth

remains detectable even at rest and is significantly associated with

suicide risk, suggesting that emotion-related facial movements may
TABLE 3 Continued

Variables
Male NSR (n=50) vs. SR (n =42) Female NSR (n=43) vs. SR (n =68)

t/U p t/U p

Angle features (°)

Chin slope x 1022 0.829 1540 0.639

Chin slope y 1041 0.947 1436 0.877

Chin slope z 1063 0.922 1492 0.858

center eye slope x 941 0.395 1508 0.783

center eye slope y 0.484 0.630 0.344 0.732

center eye slope z 1143 0.468 1430 0.849

Right eye slope x -1.389 0.168 -1.389 0.168

Right eye slope y 1118 0.597 1428 0.839

Right eye slope z 1.163 0.248 0.787 0.434

Area features (mm2)

center eye area 0.634 0.528 -0.907 0.367

Right eye area 0.416 0.678 -0.012 0.991

Midpoint projection (mm)

Forehead height 0.212 0.833 -1.092 0.278
NSR, No-suicide risk group; SR, Suicide risk group; *p < 0.05.
TABLE 4 Logistic regression of suicide risk by sex and facial features.

Variables Estimate OR 95%CI p p_adj1

Gender
(Female/Male)

0.720 2.055 1.107-3.873 0.024* 0.068

Philtrum length -0.260 0.771 0.560-1.050 0.103 0.154

Philtrum depth -0.441 0.644 0.419-0.952 0.034* 0.068

Dis Leye nose 0.247 1.280 0.868-1.949 0.217 0.260

Female* Philtrum depth 0.674 1.963 1.079-3.655 0.030* 0.068

Female* Dis Leye nose 0.230 1.258 0.671-2.364 0.470 0.470
1P-values were corrected using the Benjamini-Hochberg method; *p < 0.05.
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l e a v e s t ab l e morpho log i c a l t r a c e s o r r efl e c t e a r l y

neurodevelopmental shaping of facial structures. Supporting

evidence comes from studies of Chinese youth linking resting

angry or anxious expressions to suicide risk (20). Most notably,

the combination of reduced philtrum depth and female sex shows

an association with suicide risk (OR = 1.963, p < 0.05), further

suggesting potential neurodevelopmental interactions. The

persistence of these morphological markers across emotional

states underscores their value as indicators of vulnerability,

complementing traditional behavioral assessments in clinical

risk evaluation.

Conventional methods relying on 2D images or videos remain

constrained by sensitivity to lighting, pose, and other environmental

variables. Our approach leverages 3D facial geometry to overcome

these limitations, aligning with the growing interest in more robust

and physiologically meaningful features. This direction is supported

by a number of recent methodological innovations, which also

highlight the potential advantages of integrating 3D data. Wang

et al. (56) developed a sophisticated multimodal spatiotemporal

feature set to capture depression-related manifestations; their

framework’s reliance on 2D video leaves it susceptible to lighting

and pose variations. The incorporation of 3D features could directly

mitigate these challenges, simplifying data normalization and

enhancing model generalization. The behavioral primitives

proposed by Song et al. (57) for spectral analysis could be more

accurately defined using 3D facial data, as the geometry provides a

direct correlate of muscle activity, free from appearance-based

artifacts. The value of 3D integration is further evident in

architectures like the Depression Multi-view Graph Neural

Network by Wu et al. (58), where anatomically grounded spatial

coordinates from 3D scans would provide a more physically

accurate and interpretable basis for modeling interactions

between facial regions. Beyond enhancing existing models, 3D

features are particularly promising for identifying cross-modal

depression characteristics in real-world contexts. The multimodal

corpus contributed by Zou et al. (59), derived from semi-structured

interviews, underscores the importance of nuanced behavioral cues.

3D facial quantification is ideally suited to this task, enabling precise

measurement of subtle dynamics often lost in 2D representations.

This capability supports a richer quantitative analysis of non-verbal

behavior. These efforts reflect a growing interest in multimodal

datasets (60) that incorporate 3D facial data for finer-grained

behavioral measurement.

From a methodological perspective, we acknowledge several

considerations regarding feature stability. Our preprocessing

pipeline, while necessary for standardization, may affect subtle

morphological variations. The global rotation around the nasal tip

preserves overall point cloud distribution but could obscure

orientation-dependent shape details. Similarly, surface smoothing

with MeshMonk (39), though effective for noise reduction, might

attenuate fine-grained morphological information. These technical

factors, combined with the moderate sample size and marginal

significance after multiple testing correction, highlight the

preliminary nature of our findings. Future studies focusing on

highly localized facial features may benefit from alternative
Frontiers in Psychiatry 09
registration strategies or multi-scale analytical approaches that

better balance noise reduction with feature preservation.

In terms of clinical interpretation, it is important to clarify the

temporal relationship between risk assessment and data collection.

Suicide risk was determined based on historical medical records,

including prior suicide attempts or self-harm episodes, while 3D

facial imaging was conducted at a subsequent time point. Therefore,

the observed associations reflect retrospective correlations rather than

predictive validity. The results suggest that certain facial

morphological patterns may persist as stable markers of

vulnerability even during non-acute phases among individuals with

a history of suicidality. However, the study design does not support

the use of these features to predict future suicidal events. Rather, these

findings highlight the potential of facial morphology as an enduring

indicator of underlying vulnerability, which may complement

dynamic risk assessments in future longitudinal studies.

This study has several limitations that should be considered.

First, our feature selection was based mainly on univariate

differential testing. While this approach detects features with

significant group mean differences, it cannot adjust for

multicollinearity or capture complex interactive effects between

multiple features and the outcome. Future studies should consider

applying diverse feature selection methods for validation. Second,

the sample size of 203 participants from a single source offers

limited statistical power to reliably identify associations with small

to moderate effect sizes, even after controlling for potential

confounders. This increases the risk of unstable subgroup

estimates or overlooking meaningful predictors. Finally, the cross-

sectional design restricts insight into how facial morphology

changes with symptom progression over time. Accordingly, these

findings should be viewed as exploratory. They provide preliminary

clues and generate hypotheses for future mechanistic and modeling

research, but their robustness and clinical relevance need to be

confirmed through larger, prospective, and multi-center studies.
5 Conclusion

This study provides preliminary evidence that 3D facial

morphology, particularly philtrum depth, may serve as a sex-specific

marker associated with suicide risk in women with major depressive

disorder. While these results highlight the potential of objective facial

metrics to complement current risk assessment tools, the moderate

sample size and cross-sectional design underscore the need for further

validation. Future longitudinal and multi-center studies are essential to

confirm the stability and predictive value of these facial features, and to

explore their integration into clinically actionable frameworks for

suicide prevention.
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