? frontiers ‘ Frontiers in Psychiatry

@ Check for updates

OPEN ACCESS

EDITED BY
Allyson Kelley,
Allyson Kelley & Associates PLLC, United States

REVIEWED BY
Hari Harjanto Setiawan,

National Research and Innovation Agency
(BRIN), Indonesia

Vassilis Martiadis,

Asl Napoli 1 Centro, Italy

*CORRESPONDENCE

Ciyong Lu
luciyong@mail.sysu.edu.cn

Beifang Fan
fanbf@foxmail.com

"These authors have contributed equally to
this work

RECEIVED 25 May 2025
ACCEPTED 29 July 2025
PUBLISHED 18 August 2025

CITATION

Yiming S, Liao Y, Li Y, Zhou W, Zhao H,

Chen R, Zhang Q, Liu Y, Zhang H, Dri CE,
Mclntyre RS, Wang W, Guo L, Fan B and Lu C
(2025) Longitudinal association between
somatic symptoms and suicidal ideation

in adults with major depressive disorder.
Front. Psychiatry 16:1634899.

doi: 10.3389/fpsyt.2025.1634899

COPYRIGHT
© 2025 Yiming, Liao, Li, Zhou, Zhao, Chen,
Zhang, Liu, Zhang, Dri, Mcintyre, Wang, Guo,
Fan and Lu. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Psychiatry

TvpPE Original Research
PUBLISHED 18 August 2025
DO110.3389/fpsyt.2025.1634899

Longitudinal association
between somatic symptoms
and suicidal ideation in adults
with major depressive disorder

Subinuer Yiming®", Yuhua Liao?, Yanzhi Li*, Wenjing Zhou*,
Hao Zhao?, Ruiying Chen®, Qindan Zhang?, Yifeng Liu?,
Huimin Zhang?, Christine E. Dri*, Roger S. Mclintyre>®,
Wanxin Wang®, Lan Guo?, Beifang Fan® and Ciyong Lu™

‘Department of Medical Statistics and Epidemiology, School of Public Health, Sun Yat-sen University,
Guangzhou, China, 2Department of Psychiatry, Shenzhen Nanshan Center for Chronic Disease
Control, Shenzhen, China, *School of Public Health, Zunyi Medical University, Zunyi, China, “Brain and
Cognition Discovery Foundation, Toronto, ON, Canada, sDepartment of Psychiatry, University of
Toronto, Toronto, ON, Canada, °Department of Pharmacology and Toxicology, University of Toronto,
Toronto, ON, Canada

Background: Major depressive disorder (MDD) is often accompanied by somatic
symptoms, but their longitudinal relationship with suicidal ideation (SI) remains
insufficiently characterized. This longitudinal study in MDD patients aimed to (1)
examine the associations between somatic symptoms (including total, pain,
autonomic, energy, and CNS symptoms) and SI, and (2) investigate potential
non-linear relationships among somatic symptoms and their subtypes with SI.
Methods: Data was collected from patients with MDD in the Depression Cohort
in China. The 28-item Somatic Symptoms Inventory (SSI) was used to assess
somatic symptoms. SI was measured using the Beck Scale for Suicide Ideation
(BSSI). Assessments were conducted at baseline and at weeks 4, 8, 12, 24, 48, and
72. Generalized estimating equations were utilized for exploring the associations
of somatic symptoms and their subtypes with SI. GEE across three distinct
models: Model 1 (unadjusted); Model 2 adjusted for sociodemographic and
lifestyle factors; and Model 3 additionally adjusted for clinical characteristics.
All models accounted for baseline SI.

Results: These studies consisted of 1274 individuals with MDD (mean [SD], 27.7
[6.8] years; 399 (31.3%) males). The adjusted odds ratios (ORs) for Sl across
quartiles of total somatic symptom scores were 1.0 (reference), 0.95 (95% CI:
0.85-1.07, P = 0.419), 1.20 (95% ClI: 1.03-1.41, P = 0.022), and 1.71 (95% ClI: 1.39-
2.11, P < 0.001) for quartiles 1,2, 3, and 4, respectively. Pain, autonomic, energy,
and CNS symptoms showed similar results. A non-linear association (P for
nonlinear < 0.001) was observed between total somatic symptom scores and
SI. When the total somatic symptom score is below 49, the risk of Sl remains at a
relatively low level. However, when these scores exceeded the mentioned
values, the risk of Sl increases rapidly.
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Conclusions: Our findings suggest that in patients with MDD, there is a significant
association between somatic symptoms and their subtypes with SI. Notably, the
risk of Sl is significantly increased by somatic symptoms in a nonlinear manner.
These findings highlight the necessity of addressing somatic symptoms in the
management of depression and emphasize the importance of developing
targeted interventions to mitigate suicide risk in this vulnerable population.

somatic symptoms, suicidal ideation, major depressive disorder, depression cohort in
China, suicide prevention

1 Introduction

Major Depressive Disorder (MDD) is a prevalent mood
disorder characterized by high prevalence, recurrent episodes, low
remission rates, and high suicide rates (1-3). It is the second most
prevalent cause of disability globally, affecting over 3.32 million
individuals (4). MDD adversely affects not only social functioning
and quality of life, but also significantly increases the risk of suicidal
behaviors, thereby imposing substantial burdens on affected
individuals, their families, and communities (5, 6). Suicide is the
most severe consequence of depression. Globally, over 720,000
people die by suicide annually (7). An estimated 90% of
individuals who die by suicide suffer from one or more mood
disorders, with MDD accounting for 59-87% of all reported suicides
(8). Suicidal ideation (SI) often presents prior to an index suicide
attempt or fatality (9). In China, among individuals with MDD, the
prevalence of SI is 27.5% over the past month and 53.1% over their
lifetime (10). The greater the severity and pervasive the SI, the
higher the likelihood that it will lead to an attempt (11). Therefore,
it is necessary to further explore the risk factors for SI among
patients with MDD in order to better prevent suicidal behaviors.

Somatic symptoms are common among MDD patients and
present with diverse manifestations. In Western countries,
approximately 66%-93% of individuals with MDD experience
somatic symptoms of varying severity (12, 13). Under the
influence of collectivist values, Chinese people are more likely to
report somatic symptoms (14, 15). In China, over 70% of patients
exhibit moderate to severe somatic symptoms (16). Even though
certain somatic symptoms are not covered by the Diagnostic
Statistical Manual (DSM-5), they often co-occur with depression
(17). These symptoms are associated with more severe and longer-
lasting depression, increased disability, poorer clinical outcomes,
elevated medical expenses, and worse quality of life (12, 18-21).
These factors also serve as independent risk factors for SI in
individuals with MDD (22).

MDD patients with SI exhibit more frequent and severe somatic
symptoms compared to those without SI (23). A Turkish study has
shown that individuals with SI have an average of 20.1 somatic
complaints, while those without SI have an average of 10.6 somatic
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complaints (24). Previous research has demonstrated a significant
association between somatic symptoms and a heightened risk of SI,
with this risk seeming to exist independently of the presence of
concurrent mental disorders (17, 18). However, there is a lack of
longitudinal research evidence regarding individuals with MDD, as
well as an exploration of whether there is a non-linear relationship
between somatic symptoms and SI.

Somatic symptoms in patients with depression can be
categorized into different subtypes, including pain symptoms,
autonomic nervous system symptoms, energy- symptoms, and
central nervous system (CNS) symptoms (20, 25). Most prior
studies on the association between somatic symptom subtypes
and SI have focused on single symptoms within specific somatic
subtypes. However, patients often experience multiple somatic
symptoms simultaneously rather than just one. Therefore,
considering only single symptoms when examining the
relationship between somatic symptoms and SI is insufficient. The
cumulative impact and overall burden of co-occurring somatic
symptoms must also be taken into account. While some studies
have concentrated on the overall burden of pain symptoms,
research on other subtypes remains limited.

Therefore, this longitudinal study of MDD patients in China,
evaluating the burden of somatic symptoms and their subtypes
(including pain, autonomic, energy, and CNS symptoms), aimed to:
(1) investigate the associations between somatic symptoms and
their subtypes with SI, and (2) evaluate non-linear relationships
among somatic symptoms and their subtypes with SI.

2 Methods
2.1 Study population

The data were sourced from the Depression Cohort in China
(DCC; ChiCTR registry number: 1900022145) (26). The DCC is a
large-scale, ongoing research project that focuses on individuals
diagnosed with MDD. Participants were recruited from two mental
health institutions in Shenzhen between June 2020 and September
2024. The diagnosis of MDD was confirmed through a structured
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clinical interview using the Mini-International Neuropsychiatric
Interview (M.LN.I.) conducted by psychiatrists. After enrollment,
participants underwent a baseline assessment and were followed up
at weeks 4, 8, 12, 24, 48, and 72. Data analysis included individuals
who had at least one follow-up visit during the 72-week follow-
up period.

Participants met the following inclusion criteria: (1) 18-65 years;
(2) a score of >10 on the Patient Health Questionnaire-9 (PHQ-9)
and >8 on the 17-item Hamilton Depression Rating Scale (HAMD-
17); (3) demonstrated capacity for effective communication and
provision of informed consent. Individuals were excluded if they
met any of the following criteria: (1) diagnosed with severe mental
comorbidities (e.g., bipolar disorder, schizophrenia); (2) combined
with neurological diseases (e.g., epilepsy, encephalitis, traumatic brain
injury); (3) have a history of substance abuse (such as alcohol, drugs);
(4) Current pregnancy or lactation status. The Institutional Review
Board of Sun Yat-sen University School of Public Health granted
ethical approval for this protocol (Ethical code: L2017044). All
participants provided written informed consent before initiating
study procedures.

The study enrolled a total of 1,508 participants diagnosed with
MDD. Following the exclusion of individuals with incomplete data
on somatic symptoms (n = 32), SI (n = 8)and those who were lost to
follow-up (n = 234), the final analysis comprised 1274 patients with
MDD. The process of participant selection and exclusion is
illustrated in Figure 1.

2.2 Assessment of somatic symptoms

Somatic symptoms were evaluated using the 28-item Somatic
Symptoms Inventory (SSI) during baseline and follow-up visits. The
SSI is a self-assessment instrument that measures the severity of
somatic symptoms reported by the individual throughout the
preceding week (27, 28). The SSI shown good reliability in our
study (McDonald’s omega = 0.96). Each item on the SSI was
scored from 1 to 5 (1 = “absent”; 2 = “a little bit”; 3 = “moderate”;
4 = “quite a bit”; 5 = “a great deal”). The total score of the SSI ranges
from 28 to 140, with a higher scores signifying greater severity of

somatic symptoms (29). Based on previous studies (20, 25),

1508 Eligible patients with
MDD

10.3389/fpsyt.2025.1634899

Somatic symptoms were categorized into 4 subtypes, including pain
symptoms (scoring range: 7 to 35), autonomic symptoms (scoring
range: 11 to 55), energy symptoms (scoring range: 6 to 30), and CNS
symptoms (scoring range: 4 to 20). Participants were stratified into
four groups (Quartile 1-Quartile 4) according to quartiles of total
somatic symptom scores and each subtype score.

2.3 Assessment of SI

The Beck Scale for Suicide Ideation (BSSI) was used to measure SI
in the past week both at baseline and during follow-up visits (30, 31).
This self-report instrument includes 19 items that are scored on a 3-
point Likert scale, with scores ranging from 1 to 3 (1 = “I have no
wish to die”; 2 = “I have a weak wish to die”; 3 = “I have a moderate-
to-strong wish to die”). SI severity is evaluated using the first five
items (32). The SI assessment has a score range of 5 to 15, where
higher scores indicate more severe SI (33). The BSSI shown good
reliability in our study (McDonald’s omega = 0.96).

2.4 Assessment of potential covariates

During baseline and follow-up evaluations, structured self-
completed questionnaires were used to collect covariate data.
These including sociodemographic factors, health-related factors
and MDD-associated clinical characteristics.

sociodemographic factors included age, sex (male or female),
ethnicity (Han or Other), education (high school or below;
undergraduate; master’s degree or above), marital status (married;
unmarried/divorced/widowed), employment status (unemployed or
employed), monthly household income (no fixed income;<10-000
yuan; 10 000-19-999 yuan; >20-000 yuan) and living arrangements
(living alone; living with families; living with others) (34, 35).

Health-related factors included lifetime smoking status (yes or
no), lifetime drinking status (yes or no), weekly exercise habits (yes
or no), comorbidity (yes or no)

, and body-mass index (BMI) (36). Lifetime smoking, lifetime
drinking, and weekly exercise habits were evaluated by the following
questions: “Have you ever smoked a cigarette (yes or no)?” “Have

\ 4

Excluded
32 patients missed information on somatic symptoms
8 patients missed information on suicidal ideation

Follow-up at
4,8,12,24,48 weeks

Excluded
234 patients lost to follow-up

1274 patients included in
the analysis

FIGURE 1

The inclusion and exclusion process of patients with major depressive disorder. MDD, Major depressive disorder.
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you ever consumed at least one alcoholic drink of any kind (yes or
n0)?” “Do you have a weekly exercise habit (yes or no)?”.
Comorbidity (diagnosed at the community health service center
or a higher level of medical institution, including all diseases
suffered to date), (1=has a history of illness; O=has no history
of illness).

MDD-associated clinical characteristics included the severity of
depressive symptoms, first episode (yes or no), severity of anxiety
symptoms, current antidepressant use (yes or no), previous
antidepressant use (yes or no), and sleep medication use (yes or no)

(20). The severity of depression symptoms during the past two
weeks was assessed using the Patient Health Questionnaire-9
(PHQ-9). The severity of anxiety symptoms during the past two
weeks was assessed using the Generalized Anxiety Disorder-7
(GAD-7). The assessment of first-episode MDD was conducted
using the question: “How many depressive episodes have you
experienced in total so far?” Participants who reporting only one
depressive episode were classified as having a first-episode MDD.

2.5 Statistical analyses

Initially, we conducted descriptive analyses by grouping
participants by sex to compare baseline characteristics between males
and females. Continuous variables were described using mean (SD),
and categorical variables were described using frequencies with
percentages. Differences between the gender groups were compared
using independent samples t-tests and chi-square tests.

Secondly, we applied Generalized Estimating Equations
exploring the longitudinal relationship between somatic
symptoms and its subtypes with SI across three models: Model 1
was unadjusted; Model 2 was adjusted for covariates, including
sociodemographic factors (e.g., age, sex, ethnicity, education,
marital status, employment status, monthly household income,
and living arrangements) and health-related factors (e.g., lifetime
smoking status, lifetime drinking status, weekly exercise habits,
comorbidity, and BMI); and Model 3 further adjusted for MDD-
associated clinical characteristics, such as the severity of depression
symptoms, the severity of anxiety symptoms, first episode, current
antidepressant use, previous antidepressant use, sleep medication
use, and time trends. All models accounted for baseline SI. In the
above analysis, an unstructured correlation working structure and a
linear link function for the continuous outcome variable were
employed. The unstructured working correlation matrix was
selected because it yielded the lowest quasi-likelihood under the
independence model criterion (QIC), indicating the best-fitting
structure, and a linear link function was employed for the
continuous outcome. We used multiple imputations with chained
equations with 5 data sets to impute confounders with missing
values, thereby reducing potential bias from missing covariate data.
Additionally, Scores for total somatic symptoms and its subtypes
were categorized into four groups according to their quartiles and
subjected to a trend test.

Lastly, we used restricted cubic splines to further investigate the
non-linear association of somatic symptoms and its subtypes with
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SL. Specifically, we applied restricted cubic splines with 4 knots
positioned at the 5th, 35th, 65th, and 95th percentiles of the total
somatic symptom score and the scores of its subtypes to model
this relationship.

Statistical analyses were completed utilizing R software
(version 4.1.3; R Foundation for Statistical Computing, Vienna,
Austria). A two-sided P value below 0.05 was deemed to indicate
statistical significance.

3 Results
3.1 Characteristics of study population

Table 1 displays the characteristics of the study participants. A
total of 1274 patients were included in the study, comprising 399
males (31.3%) and 875 females (94.87%), with a mean age of 27.7
years (SD, 6.77 years). Most participants were Han ethnic (94.87%),
highly educated (83.39%), non-married (73.90%) and employed
(67.74%). Participants whose monthly household income was
220,000 yuan accounted for the largest part (34.2%). Regarding
health-related factors, the majority of the participants reported no
exercise habits (64.23%), alcohol consumption (85.62%), no
smoking cigarettes (57.27%), and lived with families (55.07%).
Regarding clinical characteristics, more than half of the
participants were at their first episodes of MDD (63.60%), were
prescribed antidepressants (80.98%), were not prescribed sleep
medications (73.03%), and did not have comorbidities (66.85%)
at baseline. Educational levels, employment status, lifetime drinking
status, living alone, antidepressant use, previous antidepressant use,
first episode and comorbidity were balanced among participants
within different groups. In addition, the mean (SD) scores for SI,
total somatic symptom, pain symptom, CNS symptom, autonomic
symptoms, energy symptoms, PHQ-9 and GAD-7 were 8.96 (2.6),
62.2 (21.3), 14.7 (6.04), 7.78 (3.37), 22.7 (8.54), 17.4 (6.07), 19.5
(4.49) and 14.1 (4.83) respectively.

3.2 Relationship between somatic
symptoms and Sl

After adjusting for potential confounders, we discovered that
somatic symptom quartiles were associated with SI, as shown in
Table 2. compared with quartile 1 of total somatic symptom scores,
the full-adjusted odds ratios (ORs) and 95% ClIs for SI from quartile
2 to 4 were 1.0 (reference), 0.95 (95% CI: 0.85-1.07, P = 0.419), 1.20
(95% CI: 1.03-1.40, P = 0.022), and 1.71 (95% CI: 1.39-2.11, P <
0.001) for quartiles 1,2, 3, and 4, respectively. P-value for trend <
0.001. In the 4 and 3 quartiles of total somatic symptom scores,
patients had 1.7 and 1.2 times the risk of SI compared to those in the
1 quartile. In contrast, there was no significant association between
somatic symptoms and suicidal ideation in the second quartile.
Across all somatic symptom subtypes consistent pattern was
observed. Compared to quartile 1, the ORs for SI in quartiles 2-4
were 1.03 (95% CI: 0.92 - 1.14, P = 0.631), 1.22 (95% CI: 1.05 - 1.41,
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TABLE 1 Baseline characteristics of the participants included.

Variable ? Overall (1274) Male (399) Female (875) P-value ®
Age, mean (SD), years 27.7 (6.77) 27.7 (6.74) 27.8 (6.79) <0.001
Ethnicity (n,%) ‘ ‘ 0.043
Han 1202 (94.87) 384 (96.73) 818 (94.02)

Other 65 (5.13) 13 (3.27) 52 (5.98)

Education (n,%) ‘ ‘ 0.123
High school or below 211 (16.60) 78 (19.65) 133 (15.22)

Undergraduate 920 (72.38) 274 (69.02) 646 (73.91)
Master’s degree or above 140 (11.01) 45 (11.34) 95 (10.87)

Marital status (n,%) ‘ ‘ 0.004
Married 332 (26.10) 83 (20.80) 249 (28.52)
Unmarried/divorced/widowed 940 (73.90) 316 (79.20) 624 (71.48)

Employment status (n,%) ‘ ‘ 0.770
Unemployed 410 (32.26) 130 (32.83) 280 (32.26)

Employed 861 (67.74) 266 (67.17) 595 (68.00)

Monthly household income (n,%) ‘ ‘ 0.048
No fixed income 145 (11.95) 59 (15.40) 86 (10.36)
<10-000 yuan 318 (26.22) 88 (22.98) 230 (27.71)

10 000-19-999 yuan 323 (26.63) 100 (26.11) 223 (26.87)
>20-000 yuan 427 (35.20) 136 (35.51) 291 (35.06)

Living arrangements (n,%) ‘ ‘ 0.141
Living alone 329 (26.26) 116 (29.82) 213 (24.65)

Living with families 690 (55.07) 201 (51.67) 489 (56.60)
Living with others 234 (18.68) 72 (18.51) 162 (18.75)

Lifetime smoking status (n,%) ‘ ‘ <0.001
Yes 544 (42.73) 244 (61.31) 300 (34.29)

No 729 (57.27) 154 (38.69) 575 (65.71)

Lifetime drinking status (n,%) ‘ ‘ 0.112
Yes 1090 (85.62) 350 (87.94) 740 (84.57)

No 183 (14.38) 48 (12.06) 135 (15.43)

Weekly exercise habits (n,%) ‘ ‘ <0.001
Yes 455 (35.77) 178 (44.61) 277 (21.78)

No 817 (64.23) 221 (55.39) 596 (68.72)

Comorbidity (n,%) ‘ ‘ 0.351
Yes 422 (33.15) 125 (31.33) 297 (33.98)

No 851 (66.85) 274 (68.67) 577 (66.02)

First episode (n,%) ‘ ‘ 0.913
Yes 809 (63.60) 254 (63.82) 555 (63.50)

No 463 (36.40) 144 (36.18) 319 (36.50)

(Continued)
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TABLE 1 Continued

10.3389/fpsyt.2025.1634899

Variable 2 Overall (1274) Male (399) Female (875) P-value ®
Antidepressant use (n,%) 0.357
Yes 1005 (80.98) 325 (82.49) 680 (80.28)
No 236 (19.02) 69 (17.51) 167 (19.72)
Previous Antidepressant use (n,%) 0.787
Yes 445 (34.96) 137 (34.42) 308 (35.20)
No 828 (65.04) 261 (65.58) 567 (64.80)
Sleep medications use 0.913
Yes 342 (26.97) 100 (25.38) 242 (27.69)
No 926 (73.03) 294 (74.62) 632 (72.31)
BMI, mean (SD) 21.5 (3.83) 23.1 (4.03) 20.8 (3.51) <0.001
PHQ-9 scores, mean (SD) 19.5 (4.49) 19.2 (4.48) 19.7 (4.49) 0.06
GAD-7 scores, mean (SD) 14.1 (4.83) 13.98 (4.90) 14.22 (4.81) 0.40
SI scores, mean (SD) 8.96 (2.6) 8.77 (2.59) 9.05 (2.60) 0.08
Total somatic symptom score, mean (SD) 62.2 (21.3) 58 (19.7) 64.7 (21.7) <0.001
Pain symptoms score, mean (SD) 14.7 (6.04) 13.5 (5.59) 15.3 (6.15) <0.001
CNS symptoms score, mean (SD) 7.78 (3.37) 7.5 (3.23) 7.9 (3.42) 0.04
Autonomic symptoms score, mean (SD) 22.7 (8.54) 20.7 (7.63) 23.6 (8.78) <0.001
Energy symptoms score, mean (SD) 17.4 (6.07) 16.3 (5.86) 17.9 (6.10) <0.001

“Unless otherwise indicated, data are expressed as No. (%) of participants.

"Baseline characteristics were compared between the two groups using two independent-sample t-tests for continuous variables and Chi-Square tests or Fisher exact probabilities for

categorical variables.

BMI, body mass index; PHQ-9, Patient Health Questionnaire-9; GAD-7, General Anxiety Disorder-7; SI, suicidal ideation.

P = 0.010), and 1.67 (95% CI: 1.39 - 2.00, P < 0.001) for pain
symptoms scores; 1.03 (95% CI: 0.93 - 1.14, P = 0.573), 1.24 (95%
CI: 1.09 - 1.42, P = 0.002), and 1.80 (95% CI: 1.48 - 2.18, P < 0.001)
for autonomic symptoms scores; 1.02 (95% CI: 091 - 1.14, P =
0.742),1.17 (95% CI: 1.00 - 1.36, P = 0.048), and 1.74 (95% CI: 1.42 -
2.14, P <0.001) for energy symptoms scores; and 1.03 (95% CI: 0.93
- 1.14, P = 0.616), 1.24 (95% CI: 1.09 - 1.41, P = 0.002), and 1.61
(95% CI: 1.33 - 1.96, P < 0.001) for CNS symptoms scores. All P -
values for trend were below 0.001.

3.3 Restricted cubic spline analyses
between somatic symptoms and Sl

We found non-linear relationships between somatic symptom
scores (e.g., total, pain, autonomic, and energy symptoms) and SI
after adjusting for possible confounders (Figures 2A-D, all P-values
for non-linearity < 0.05). Specifically, When the total somatic
symptom score is below 49, the pain symptoms score is below 11,
and the autonomic symptoms score is below 17, the risk of SI
remains at a relatively stable and low level. However, when these
scores exceeded the mentioned values, the risk of SI increases
rapidly. Additionally, the risk of SI slightly decreases when the
energy symptoms score is below 13, but it rises sharply once the
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score exceeds 13. In contrast, we observed linear associations
between CNS symptoms scores and SI (Figure 2E, P for nonlinear
= 0.583).

4 Discussion

In this longitudinal study, our findings suggest a significant
association between somatic symptoms and their subtypes with SI
among patients with MDD. Specifically, the somatic symptoms
(e.g., total, painful, autonomic, and energy symptoms) significantly
increased the risk of SI in a non-linear manner. In contrast, we
observed linear associations between CNS symptoms and SI.

Our study found that total somatic symptoms were significantly
associated with SI, independently of depressive symptom severity.
These findings align with prior research (17, 23, 37-39). A meta-
analysis of 33 studies demonstrated a significant association
between somatic symptoms and increased risk of SI across diverse
populations (37). Importantly, this increased risk was observed to
be independent of any co-occurring mental disorders. Furthermore,
a Japanese study focused on adolescents showed that increased
somatic symptoms were significantly and independently associated
with SI during mid-adolescence (38). This association remained
significant after accounting for additional psychopathological and
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TABLE 2 Associations between somatic symptoms and their subcategories with SI.

10.3389/fpsyt.2025.1634899

Model 1 Model 2 Model 3
Variable
OR (95%Cl) P-value OR (95%Cl) P-value OR (95%Cl) P-value

Total somatic symptoms

Quartile 1 (28-37) 0 [Reference] 0 [Reference] 0 [Reference]

Quartile 2 (38-49) 1.76 (1.56-1.99) <0.001 1.70(1.51-1.92) <0.001 0.95 (0.85-1.07) 0.419

Quartile 3 (50-68) 3.64 (3.12-4.26) <0.001 341 (2.92-3.98) <0.001 1.20 (1.03-1.40) 0.022

Quartile 4 (69-140) 9.79 (7.94-12.07) <0.001 9.09 (7.38-11.20) <0.001 1.71 (1.39-2.11) <0.001

P-value for trend <0.001 <0.001 <0.001

Pain symptoms

Quartile 1 (7-8) 0 [Reference] 0 [Reference] 0 [Reference]

Quartile 2 (9-11) 1.56 (1.38-1.75) <0.001 1.51 (1.35-1.7) <0.001 1.03 (0.92-1.14) 0.631

Quartile 3 (12-16) 2.79 (2.38-3.28) <0.001 2.63 (2.24-3.08) <0.001 1.22 (1.05-1.41) 0.010

Quartile 4 (17-35) 6.5 (5.31-7.96) <0.001 6.08 (4.98-7.42) <0.001 1.67 (1.39-2.00) <0.001

P-value for trend <0.001 <0.001 <0.001
Autonomic symptoms

Quartile 1 (11-13) 0 [Reference] 0 [Reference] 0 [Reference]

Quartile 2 (14-17) 1.69 (1.51-1.89) <0.001 1.65 (1.47-1.84) <0.001 1.03 (0.93-1.14) 0.573

Quartile 3 (18-25) 3.1 (2.68-3.58) <0.001 2.9 (2.51-3.35) <0.001 1.24 (1.09-1.42) 0.002

Quartile 4 (26-55) 8.18 (6.61-10.12) <0.001 7.59 (6.15-9.38) <0.001 1.80 (1.48-2.18) <0.001

P-value for trend <0.001 <0.001 <0.001
Energy symptoms

Quartile 1 (6-9) 0 [Reference] 0 [Reference] 0 [Reference]

Quartile 2 (10-13) 1.84 (1.64-2.07) <0.001 1.78 (1.58-2.01) <0.001 1.02 (0.91-1.14) 0.742

Quartile 3 (14-19) 3.53 (3.02-4.11) <0.001 3.32 (2.85-3.87) <0.001 1.17 (1.00-1.36) 0.048

Quartile 4 (20-30) 9.78 (8.01-11.95) <0.001 9.14 (7.47-11.17) <0.001 1.74 (1.42-2.14) <0.001

P-value for trend <0.001 <0.001 <0.001
CNS symptoms score

Quartile 1 (4) 0 [Reference] 0 [Reference] 0 [Reference]

Quartile 2 (5-6) 1.49 (1.33-1.67) <0.001 1.46 (1.31-1.64) <0.001 1.03 (0.93-1.14) 0.616

Quartile 3 (7-9) 2.71 (2.34-3.15) <0.001 2.61 (2.25-3.02) <0.001 1.24 (1.09-1.41) 0.002

Quartile 4 (10-20) 6.3 (5.05-7.86) <0.001 5.91 (4.75-7.35) <0.001 1.61 (1.33-1.96) <0.001

P-value for trend <0.001 <0.001 <0.001

Model 1: Unadjusted for any potential covariates.

Model 2: Adjusted for age, sex, ethnicity, education, marital status, living arrangement, employment status, monthly household income, lifetime drinking status, lifetime smoking status, BMI,
exercise habits, comorbidity.

Model 3: Additionally adjusted for PHQ-9 scores, GAD-7 scores, first episodes, antidepressant use, previous antidepressant use, sleep medications use, baseline SI, time trend.

BMI, body-mass index; PHQ-9, Patient Health Questionnaire-9; GAD-7, Generalized Anxiety Disorder-7; SI, suicidal ideation; OR, odds ratio; CI, confidence interval.

behavioral symptoms, as well as potential confounding factors.  study of 217 Chinese patients with first-episode MDD found that
Another longitudinal study of 6,934 Chinese adolescents found  those with more somatic symptoms had a greater risk of SI (17).
that higher somatic symptom scores were more likely to report STat  Similarly, a Korean study of 811 outpatients with MDD found that
baseline, with this tendency persisting at the 1-year follow-up (39).  patients with SI had significantly higher somatic symptom scores
However, investigations focusing on patients with MDD remain  compared to those without SI (23). Although these studies varied in
confined to a handful of cross-sectional studies. For instance, a  design, population, and assessment methods for somatic symptoms,
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FIGURE 2

Restricted cubic spline analyses between somatic symptoms and SI. The model was adjusted for age, sex, ethnicity, education, marital status, living
arrangement, employment status, monthly household income, lifetime drinking status, lifetime smoking status, weekly exercise habits, comorbidity,
BMI, PHQ-9 scores, GAD-7 scores, first episodes, antidepressant use, previous antidepressant use, sleep medications use. BMI, body-mass index;

PHQ-9, Patient Health Questionnaire-9; GAD-7, Generalized Anxiety Disorder-7; SI, suicidal ideation; OR, odds ratio; Cl, confidence interval; CNS,

central nervous system.

SI, and risk factors, as well as in the number and type of somatic
symptoms examined, their overall findings are consistent with ours.
By using a longitudinal design and adjusting for multiple
confounders—such as depression and anxiety severity, first-
episode status, current and prior antidepressant use, sleep
medications use, comorbid physical illness, and various health-
related factors—our study provides more precise evidence on the
association between somatic symptoms and SI in MDD patients.
Our study indicated that different subtypes of somatic
symptoms (e.g., pain, autonomic, energy symptoms, and CNS
symptoms) are significantly associated with SI. These results align
with those of prior studies. For instance, a meta-analysis of 31
studies showed that individuals with any form of physical pain were
more likely to report both current and lifetime SI, suicide plans, and
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attempts (9). A cross-sectional study conducted in Korea involving
414 patients with MDD found that patients with painful somatic
symptoms had a 1.7 times higher risk of experiencing SI during the
current depressive episode compared to those who did not report
pain (40). Mao et al. studied MDD patients and found that specific
pain symptoms (e.g., limb and pre-verbal pain) and certain
autonomic symptoms (e.g., weight loss, increased appetite,
hypersomnia, hyposexuality, and respiratory, circulatory, urinary,
and sensory system symptoms) were significantly associated with SI
(41). Jeon et al. found that MDD patients with SI exhibited
significantly higher frequency and severity of somatic symptoms
than those without SI, with current suicidal risk specifically
associated with chest pain in men and neck or shoulder pain in
women (23). Fang et al. found that among individuals with first-
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episode MDD, those with a higher number of somatic symptoms
had an increased risk of SI, with pain symptoms, pre-verbal pain,
and specific autonomic nervous system symptoms (e.g., late
insomnia, weight loss, sensory system complaints, hypersomnia,
and hyposexuality) associated with current SI (17). However,
previous cross-sectional studies of MDD patients have mainly
examined associations between single symptoms within specific
somatic subtypes and SI, suggesting that a single-symptom
perspective may underestimate the overall risk. Given that
individuals with MDD frequently present with multiple
concurrent somatic symptoms, the overall burden within each
subtype requires systematic evaluation. This study offers a more
comprehensive and accurate evidence by calculating total scores for
four somatic subtypes to assess their overall burden and
relationship with SI. This enables more effective identification of
high - risk individuals and the development of more targeted
management strategies.

In addition, we found a significant nonlinear relationship between
total somatic symptoms and SI. When somatic symptoms are mild, the
risk of SI remains low and stable. However, as symptoms worsen, the
risk of SI increases significantly. This nonlinear relationship can help
establish a treatment threshold. specifically, a score of 49 could serve as
a practical cutoff for initiating somatic-targeted interventions in clinical
practice. Similar nonlinear patterns were observed for pain, autonomic,
and energy symptom subtypes. Defining distinct thresholds for each
subtype enables more precise risk assessment. Notably, no nonlinear
dose-response relationship was observed between CNS symptoms and
SL This may be related to the multidimensionality and complexity of
central nervous system symptoms. The underlying mechanisms
warrant further in-depth investigation.

Individuals with MDD who have somatic symptoms exhibit
more complex clinical manifestations than those without somatic
symptoms (42). These individuals usually have a more severe
condition, a longer disease course, and a lower quality of life (16,
43). Persistent severe somatic symptoms not only indicate clinically
significant impairment (44), but also significantly affect daily
activities and functional levels (45). Furthermore, the severity of
somatic symptoms may trigger health anxiety and concerns, which
in turn may further increase the risk of SI (46).

The mechanistic association between somatic symptoms and SI
in MDD is underpinned by multi-system dysregulation. Peripheral
and central elevations of pro-inflammatory cytokines (TNF-o, IL-6)
(47-52), hyperactivity of the HPA axis (47, 53), dysfunctions in the
serotonergic and noradrenergic neurotransmitter systems (54-56),
alterations in cerebral structure—such as regional grey-matter
volume reductions and aberrant functional activity (47, 53, 57-
59)—interact synergistically. These interactions form a complex
pathophysiological network that influences the link between
somatic symptoms and SI in patients with MDD.

Our results underscore the necessity of tackling somatic
symptoms in MDD management. Early identification of clinical
features that increase disease burden and management complexity
is crucial for preventing depression from progressing to treatment-
resistant and suicidal trajectories, as highlighted by Fiorillo et al.
(60). Establishing subtype-specific thresholds allows for more
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precise risk stratification. In line with the international consensus
by Maina et al. (61), patients with a high somatic burden should
undergo multidimensional assessment and proactive suicide-risk
monitoring. We recommend a total somatic score >49 as a practical
threshold to trigger intensified surveillance and early initiation of
symptom evaluation and targeted interventions, so as to prevent the
progression of depression toward treatment resistance and suicidal
trajectories. Clinicians should routinely and comprehensively assess
somatic symptoms, incorporate symptom-targeted strategies into
treatment plans, select antidepressants with analgesic benefits or
minimal physical symptom exacerbation based on individual
patient profiles (62), and combine these approaches with
evidence-based non-pharmacological interventions, such as
cognitive-behavioral therapy, exercise therapy, and other
pharmacological treatments (63-65). Timely identification and
effective management of somatic symptoms and their subtypes
are essential for improving depression prognosis and reducing
suicidal behavior.

Our study has several notable strengths. Firstly, to our
knowledge, this is the first longitudinal study to explore the
relationship between somatic symptoms and SI in patients with
MDD. Secondly, our study examines the relationship between
somatic symptoms and SI across four major subtypes: pain
symptoms, autonomic nervous system symptoms, energy
symptoms, and CNS symptoms. This is in contrast to previous
studies that often focused on specific symptoms within subtypes.
Thirdly, we identified potential inflection points in the non-linear
relationships between somatic symptoms and SI. This is crucial for
understanding the complex dynamics underlying these associations
and informing targeted interventions.

When interpreting and generalizing our findings, several
limitations must be considered. Firstly, the study was based in a
hospital setting, which might restrict the results to be generalized to
patients who do not seek treatment in hospitals. Secondly, we used the
SSI scale to assess the 28 types of somatic symptoms in patients and did
not measure or analyze other somatic symptoms that might be present
in our study population. Thirdly, since we relied on self-report
measures to assess somatic symptoms, SI, and depressive symptoms,
recall bias could not be entirely avoided. Fourthly, although a
longitudinal design was employed, the possibility of unmeasured
confounders and reverse causation limits causal inferences.

5 Conclusion

Our study shows that somatic symptoms and their subtypes are
significantly associated with SI in MDD patients. A critical
threshold at > 49 points on the total somatic symptom score
indicates significantly elevated suicide risk. We recommend: (1)
routine standardized assessment of somatic symptoms in all MDD
patients;(2) implementation of targeted interventions for patients
exceeding this threshold; and (3) enhanced suicide risk monitoring
for these patients. This evidence-based stratified management
approach holds significant clinical value for improving depression
outcomes and suicide prevention.
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