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Purpose: Depression is common among the elderly and linked to higher morbidity, mortality, and healthcare costs. Hospitalized
elderly patients are especially vulnerable. This study aimed to develop a novel, convenient, and validated tool for preliminary
screening of depression symptoms in older inpatients.

Patients and Methods: This study utilized clinical data from 11,269 hospitalized geriatric patients aged >60 years, collected from
January 2023 to December 2024. Data sources included medical record systems,health information management system and inpatient
psychological assessment scale information system. Multivariate logistic regression analysis was performed to determine the
predictors and further construct a nomogram based on the predictors. Bootstrap with 5000 resamples was used for internal validation
of nomogram. Model performance was evaluated using the area under the receiver operating characteristic curve (AUC), calibration
curves and decision curve analysis (DCA).

Results: The prevalence of depressive symptoms in older inpatients was 28.64%. Eight independent influencing factors were
identified: gender, age, marital status, income source, sleep disturbance, chronic diseases, pain, and self-rated health. The development
set AUC was 0.930, and the corrected AUC after internal validation was 0.832. The Hosmer-Lemeshow test (P = 0.126) and
calibration curves indicated favorable calibration. DCA confirmed clinical net benefit across a range of threshold probabilities.
Conclusion: An easy-to-use nomogram was developed for identifying depressive symptoms in older inpatients with satisfactory
screening ability based on simple and easily accessible clinical features. The nomogram can identify older inpatients at high risk for
depressive symptoms and may be a useful preliminary screening tool in clinical.
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Introduction
Depression is a common mental health problem in older adults and has become one of the most important factors
affecting the health of the elderly population, which can directly cause disability, trigger self-harm and suicidal
tendencies,'* and indirectly lead to other physical health problems and care complications, placing a significant burden
on healthcare and social care systems.” The global burden of depression is rising sharply. According to the World Health
Organization and the Global Burden of Disease Study, major depressive disorder is projected to become the leading cause
of disease burden worldwide by 2030.* The Global Health Assessment Report shows that the prevalence of depression in
older adults has peaked, with more than 10% of older adults worldwide suffering from depression.’

In China, the situation is particularly concerning. Based on the Global Burden of Disease (GBD) database statistics, in
2019 there were about 15 million patients with depression in the elderly in China, with a prevalence rate as high as
5.97%, which is significantly higher than the 3.67% prevalence in the 20-55 age group.® Depression has become the
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fourth leading cause of disability in China and older adults with depression are more likely to experience unintentional
disability and have an increased risk of death compared with normal people.””

For hospitalized older patients, the compounded consequences of comorbid depression are even more severe. With
the accelerated aging of the population, the number of older patients is increasing year by year, and the negative
emotional experiences of patients intensify during the period of illness, which becomes a main trigger of depression.'’
Older inpatients have a significantly higher depression than younger inpatients, and their disease prognosis is poorer than
that of the younger population.'""'? More importantly, comorbid depression in older inpatients exacerbates chronic
disease prognosis, prolongs hospital stays, increases healthcare expenditures, and elevates mortality risk. Therefore,
identifying high-risk patients earlier, before typical clinical symptoms appear and providing early intervention is crucial
to controlling this condition.

Despite this urgent need, existing models have notable gaps. Currently, numerous models have been used to analyze
the risk of depression in populations, primarily based on sociodemographic factors, lifestyle variables, health indicators,
environmental influences, genetic information, as well as blood biomarkers and brain imaging techniques.'*?'
Many studies have explored the application of machine learning in predicting the severity of depression, often using
different data sources, such as biomarkers, functional brain activity metrics, and behavioural data.”*** However, most
prior models focused on only one category of predictors, either biological markers (eg., neuroimaging, genetic data) or
sociodemographic/lifestyle variables alone. Few models integrated multiple domains simultaneously (eg., health status,
lifestyle, demographic, and socioeconomic indicators), lacking a comprehensive, multi-dimensional screening tool. Many
models relied on costly or inaccessible predictors, such as brain CT, MRI, PET-CT scans, or specialized blood
biomarkers,which cannot be performed in many hospitals or clinics due to limited equipment or high expense.
Additionally, many models were developed from department-specific samples (eg., neurology, oncology, psychiatry),
severely limiting their generalizability to general older inpatient populations. Consequently, there existed a clear gap
between “predictive accuracy” and “clinical practicality.”

To address these gaps, the study aimed to develop an easy-to-use, practical screening tool for depressive symptoms in
older inpatients. Specifically, it utilized only routinely collected, mandatory clinical data from medical record systems and
health information management systems, no additional costly tests or specialized equipment were required. The study
incorporated multiple predictor domains (demographic, health status, lifestyle, and socioeconomic indicators) to capture the
complexity of depression risk. It developed and validated the model based on a large, cross-departmental sample of older
inpatients, not restricted to a single specialty. By balancing predictive accuracy with clinical feasibility, the model can
rapidly identify high-risk older inpatients at admission while minimizing additional burden on clinical staff.

Methods
Study Participants

We retrospectively collected clinical data from older inpatients from January 2023 to December 2024 in the hospital.
Inclusion criteria: Hospitalized patients aged >60 years. Exclusion criteria: Cases with missing data. A total of 11,813
eligible cases were initially identified. Missing data were observed in the PHQ-9 score, with 544 cases missing (missing
rate = 4.6%). No missing values were found for the independent variables, as these variables were derived from
mandatory entry fields in the system. To verify the missing data mechanism, we compared the baseline characteristics
between excluded patients (n=544) and included participants (n=11,269), as presented in Supplementary Table 1. No

significant differences were observed between the two groups (all P > 0.05), which verified that the missing data were
consistent with the missing completely at random(MCAR) mechanism.?* Given the low overall missing rate (< 5%) and
MCAR property, complete case analysis (CCA) was adopted. For sensitivity analysis, multiple imputation (MI) with 10
imputed datasets was further conducted. Comparisons of OR values, AUC, calibration curves and decision curve analysis
showed consistency between CCA and MI results, verifying the robustness of the main findings against different missing
data strategies. Finally, a total of 11,269 participants were included in the subsequent model construction. The study was
reviewed and approved by the Ethics Committee of the hospital (Approval No. KY202563). The study was conducted in
accordance with the principles of the Declaration of Helsinki.
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Variable Definitions and Data Collection

Candidate variables were selected based on literature review and clinical relevance. These variables were assorted into
four categories: (1) Demographic variables include gender, age, ethnicity, marital status, education, residential area, etc.
(2) Health status variables include admission route (outpatient or emergency), self-rated health status, presence of chronic
diseases, injuries,pain, falls in the past two years, medication allergies, etc. (3) Lifestyle variables include sleep status,
smoking, drinking, etc. (4) Socioeconomic variables include health care payment method, sources of income, occupation
etc. Some of the variable definitions and codes are shown in Supplementary Table 2.

In this study, the operational definition of chronic diseases was formulated according to the China’s Medium-to-Long
Term Plan for the Prevention and Treatment of Chronic Diseases (2017-2025) and ICD-10 coding standards. Chronic
diseases included but were not limited to cardiovascular diseases (hypertension, coronary artery disease, chronic heart
failure,stroke), chronic respiratory diseases (chronic obstructive pulmonary disease, asthma), type 1 and type 2 diabetes
mellitus, chronic kidney disease, chronic liver disease, chronic neurological (dementia, Parkinson’s disease), malignant
tumors, and major musculoskeletal and arthritic disturbance. Only formally diagnosed and documented conditions in the
medical record systems. Symptoms, risk factors (eg., pre-hypertension), or conditions managed solely outside our
hospital system without a formal transfer note were excluded. The diagnostic information was extracted from structured
“Medical History” and “Admission Diagnosis”, routinely completed by attending physicians, and categorized based on
standardized ICD-10 codes.

Since 2020, the hospital has implemented an “Inpatient Psychological Assessment Scale” information system. This
system routinely screens for depressive symptoms among all inpatients, with a specific focus on older inpatients, using
the Patient Health Questionnaire-9 (PHQ-9). The PHQ-9 comprises nine items, each scored on a four-point scale ranging
from 0 (Not at all) to 3 (Nearly every day). The overall score ranges from 0 to 27; thresholds for levels of severity are as
follows: 0—4, none; 5-9, mild; 10—14, moderate; 15—19, moderately severe; and 20-27, severe.”> A score of > 5 indicates
depressive symptoms, with higher scores reflecting greater severity. The Cronbach’s alpha coefficient for the scale in this
study was 0.818, indicating good internal consistency reliability.

Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI) in the mobile nursing information system.
It consisting of 19 items covering seven domains: subjective sleep quality, sleep latency, sleep duration, sleep efficiency,
sleep disturbances, use of sleep medication, and daytime dysfunction, with a total score ranging from 0 to 21 points.
Higher scores indicate more severe sleep disturbances.”® The total score (0-21) can be categorized into four levels: 0—5
(normal/good sleep quality), 610 (mild sleep disturbance), 11-15 (moderate sleep disturbance), and 16-21 (severe sleep
disturbance). For analytical simplicity, we combined the mild and moderate disturbance groups into a single category of
6—15 (mild/moderate disturbance).

Self-rated health was assessed by a single question, “How would you rate your overall health?”, with five response
options: very good, good, fair, poor, and very poor. This information was recorded in the medical record system by the
attending physician upon admission.

The hospital organized specialized training for all clinical nurses to ensure standardization of assessments. The
inpatient psychological assessment scale assessment became an institutionalized and systematic component of the
inpatient admission nursing assessment, thereby minimizing inter-rater variability at its source. The PHQ-9 scores, and
sleep quality were collected by the primary nurse via face-to-face interviews after patient admission, during clinically
stable periods. Questions were posed using standardized prompts, with responses entered in real-time into the mobile
nursing information system integrated with a standardized module.

Data Analysis

All statistical analyses were performed using SPSS 26.0 and R software (version 4.4.2). Continuous data following
a normal distribution were presented as mean + standard deviation (SD) and compared using the independent samples
t-test. Non-normal continuous data were presented as medians with interquartile ranges (IQRs) M (Q1, Q3) and
compared using the Mann—Whitney U-test. Categorical data were presented as frequency (percentage) n (%) and
compared using the Chi-squared test (or Pearson’s Chi-squared test).
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Multivariate logistic regression analyses (using a stepwise forward selection procedure with entry P < 0.05 and removal P >
0.10) were performed to identify independent predictors among those with univariate P < 0.05. The final screening model was
presented as a nomogram. The bootstrap resampling method (5000 bootstrap resamples) was used for internal evaluation. Model
performance was evaluated by the area under the receiver operating characteristic curve (AUC), calibration curves, and decision
curve analysis (DCA).?” All statistical tests were two-sided and P<0.05 was regarded as statistically significant.

Results

Characteristics of Participants

Of the 11,269 older inpatients included in this study, 3,228 were assessed as having depressive symptoms. The majority of
inpatients were aged between 60 and 79 years, accounting for 83.56%. Additionally, 53.3% were male, 91.52% reported
having a spouse or partner, 55.98% were diagnosed with chronic diseases.More details were presented in Table 1.

Table | The Univariate Analyses

Variables No-depressive Depressive Symptoms x? P values
Symptoms (n=8041) (n=3228)
Age (years), n (%) 29.698 <0.001
60-69 3195(39.74) 1462(45.29)
70-79 3478(43.25) 1281(39.68)
280 1368(17.01) 485(15.03)
Gender, n (%) 112.384 <0.001
Male 4538(56.44) 1466(45.42)
Female 3503(43.56) 1762(54.58)
Marital status, n (%) 94.730 <0.001
Unmarried/divorced/widowed 552(6.86) 404(12.52)
Spouse/partner 7489(93.14) 2824(87.48)

Residence, n (%)

Urban 5502(68.42) 2292(71.00) 7.185 0.007
Rural 2539(31.58) 936(29.00)
Nursing care level, n (%) 656.344 <0.001
Intensive care (Teji huli) 75(0.93) 10(0.31)
Level | Care (Yiji huli) 4309(53.59) 904(28.00)
Level 2 Care (Erji huli) 3655(45.45) 2311(71.59)
Level 3 Care (Sanji huli) 2(0.03) 3(0.10)
Self-rated health, n (%) 3888.095 <0.001
Good 6406(79.67) 626(19.39)
Fair 1561(19.41) 1979(61.31)
Poor 60(0.75) 429(13.29)
Very poor 14(0.17) 194(6.01)
(Continued)
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Table | (Continued).

Variables No-depressive Depressive Symptoms x? P values
Symptoms (n=8041) (n=3228)

Chronic diseases,n (%) 60.795 <0.001
No 3357(41.76) 1608(49.81)
Yes 4684(58.25) 1620(50.19)

Pain,n (%) 13.606 <0.001
No 1042(12.96) 337(10.44)
Yes 6999(87.04) 2891(89.56)

Sleep disturbance, n (%) 3865.742 <0.001
None 5744(71.43) 297(9.20)
Mild/moderate 2244(27.91) 2505(77.60)
Severe 53(0.66) 426(13.20)

Sources of income, n (%) 8.576 0.035
Pension 1224(15.22) 426(13.20)
Full-time income 6624(82.38) 2712(84.01)
Part-time income 107(1.33) 50(1.55)
No income 86(1.07) 40(1.24)

Healthcare payment source, n (%) 13.838 0.008
Urban employee basic medical insurance 3328(41.38) 1241(38.45)
Urban and rural resident basic medical insurance 3947(49.08) 1699(52.63)
New rural cooperative medical (NCMS) 42(0.52) 13(0.40)
Out-of-pocket (OOP) 357(4.44) 149(4.62)
Other payment sources 368(4.58) 126(3.90)

Univariate Analysis and Multivariate Logistic Regression Analysis

As shown in Table 1, the univariate analysis identified that a total of 11 factors were associated with depressive symptoms
among older inpatients. We performed multicollinearity diagnostics for all independent variables. The results indicated that
the variance inflation factors (VIFs) for all variables were less than 5, which stated that there was no collinearity among the
independent variables. Therefore, all variables included in the regression analysis were not mutually related.

The detailed results of the multivariate logistic regression analysis were presented in Table 2. Gender, age, marital status,
self-health, chronic diseases, pain, sleep disturbance, sources of income were included in a multivariate logistic regression
model. Compared with male patients, female gender was associated with higher odds (OR = 1.319). Compared with ages
60-69, ages 70-79 (OR=2.897) and >80 (OR=1.621) showed increased odds. Unmarried/ divorced/ widowed status had
higher odds than being married/partnered (OR = 3.020). Worse self-rated health was linked to greater odds, versus “good”,
fair (OR=2.251), poor (OR=3.621), and very poor (OR=4.531). Chronic diseases (OR=2.476) and pain (OR=2.114) were
significant risk factors. Compared with no sleep disturbance, mild/moderate disturbance (OR=3.614) and severe disturbance
(OR=6.624) showed strong associations. For income sources, versus pension, full-time income had borderline significance
(OR=1.414), no income had higher odds (OR=4.488), and part-time income was not significant (OR=1.057).
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Table 2 The Multivariate Logistic Regression Analysis for Depressive Symptoms Among Older

Inpatients
Variables Beta coeff. SE OR (95% CI*) P values
Gender
Male Reference
Female 0.277 0.117 1.319 (1.049-1.658) 0.018
Age
60-69 Reference
70-79 1.064 0.177 2.897 (2.048-4.098) <0.001
280 0.483 0.185 1.621 (1.128-2.328) 0.009

Marital status

Spouse/partner Reference

Unmarried/divorced/ widowed 1.105 0.150 3.020 (2.250-4.053) <0.001

Self-rated health

Good Reference

Fair 0.812 0.155 2.251 (1.662-3.049) <0.001
Poor 3.454 0.168 3.621 (2.758-4.935) <0.001
Very poor 3.84 0.215 4.531 (3.503-7.981) <0.001

Chronic diseases

No Reference

Yes 0.906 0.128 2.476 (1.928-3.179) <0.001
Pain

No Reference

Yes 0.749 0.155 2.114 (1.560-2.865) <0.001

Sleep disturbance

None Reference
Mild/moderate 1.891 0.193 3.614 (1.843-7.232) <0.001
Severe 3.421 0.221 6.624 (4.538-9.670) <0.001

Sources of income

Pension Reference

Full-time income 0.346 0.177 1.414 (1.000-1.999) 0.050
Part-time income 0.056 0.481 1.057 (0.412-2.715) 0.908
No income 1.502 0.398 4.488 (2.059-9.785) <0.001

Abbreviations: Beta coeff., Beta coefficient; Cl, confidence interval.

Construction of the Nomogram Model
On the basis of the multivariate logistic regression analysis, a nomogram was constructed to quantitatively asses the risk
probability of depressive symptoms among older inpatients (Figure 1). The value of each of these factors gives a score on
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Figure | Nomogram predicting the probability of depression.

the point scale axis. By summing each score and projecting the total score onto the bottom risk scale axis, we can easily
calculate the total score and estimate the likelihood of depressive symptoms in older inpatients. Suppose a 65-year-old
female patient who lived alone, had chronic diseases and mild sleep disturbances, received a pension, had good self-rated
health, and had no pain. Based on this information, the corresponding scores in the nomogram are derived, and the sum
of the scores for the variables is 157.5. The nomogram assessed a probability of approximately 15% that the patient
would develop depressive symptoms.

Evaluation of the Nomogram

For the nomogram, the AUC was 0.930 (95% CI: 0.919-0.941, P <0.001) (Figure 2). The Hosmer-Lemeshow
goodness of fit test was used to calibrate the model of depressive symptoms among older inpatients. The Hosmer-
Lemeshow goodness of fit test indicated that the model was well calibrated (1°=12.617, P = 0.126). The calibration
curve for the model shown overall good agreement between the assessed and observed values (Figure 3). According
to the data from the modeling datasets, the curves for most of the predicted threshold probabilities were above the
two extreme lines in the 0-1 threshold probability range, suggesting that the model has some clinical validity
(Figure 4). The accuracy of the nomogram was internally validated by the bootstrap resampling method (5000
bootstrap resamples), and as shown by the calibration curve, the model shown that the predicted and actual
probabilities were highly consistent (Figure 5). The bootstrap-corrected concordance index (C-index) of the
nomogram was 0.832 (95% CI: 0.825-0.839).
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Figure 3 The calibration curve of the nomogram prediction
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Discussion

In this study, a simple nomogram for screening older inpatients at risk of depressive symptoms was developed. The
results suggested that the model has potential due to its discrimination and calibration ability to assess the occurrence of
depressive symptoms. In addition, the model has good clinical utility and can be used as a reference tool for clinicians
screening for depressive symptoms.

Age, Gender and Depressive Symptoms

Current research identifies both gender and age as significant predictors of depressive symptoms in elderly patients.?
These findings align with previous studies, demonstrating that ageing in this population was associated with physiolo-
gical decline, functional dysregulation, or deterioration across multiple bodily systems. Neuroendocrine system dysfunc-
tion, such as thyroid abnormalities, was frequently implicated.”’>° Extant evidence indicated that advancing age
heightens vulnerability to physiological decline, chronic disease-related functional impairment, diminished social
engagement, reduced social support, and increases susceptibility to loneliness. Elderly individuals also exhibit heightened
sensitivity to changes in their health status. Collectively, these factors constitute major contributors to elevated depression
risk.>1 733

Concurrently, the oldest-old (typically defined as >80 years) exhibit a higher prevalence of living alone and frailty
status,>® further augmenting their susceptibility to depression. Research demonstrates a significantly higher incidence of
depression in this advanced-age cohort compared to younger elderly individuals (aged 60—79 years).>

The results further revealed a marked gender disparity: women exhibited a substantially greater propensity for

developing depression, with a risk approximately twice that of men.>*>” This heightened vulnerability in females may
stem from hormonal fluctuations, social stressors, and sex-related neurohormonal and psychological differences.’®
Additionally, elderly women face a greater likelihood of widowhood and solitary living, compounding depression
risk.>* Studies indicated that female older patients manifest a greater inclination toward low mood and depressive
symptoms when confronting chronic illness or somatic discomfort.

Marital Status and Depressive Symptoms

Widowed or unmarried elderly individuals exhibited a higher risk of depression. The absence of companionship and
support from a partner may contribute to feelings of isolation, lack of validation, diminished self-confidence, reduced
social engagement, and lead to insufficient emotional and material support, potentially increasing vulnerability to
psychological stress and distress.***!

This study found that widowed or unmarried older adults had 3.020-fold higher odds in exhibiting depressive
symptoms compared to married and cohabiting older adults, consistent with previous research findings.*?

Marriage provided unique social, psychological, and economic resources not typically found in other relationship
types. These resources, as protective factors, were more likely to promote health and longevity among older adults with
spouses.*® Due to the spousal role in providing care and support, marriage can broaden the scope of social support older
adults receive from their families.** Advancing age often restricts the living environment of older adults and reduces their
sources of social support, making spousal support a crucial component of their social network. For widowed older adults,
the loss of spousal companionship and support can lead to psychological distress and emptiness, even triggering
depressive symptoms.*>*® This effect was particularly relevant for widowed elderly patients living alone, who may
additionally face challenges such as a lack of family care, poor self-management abilities, and reduced initiative in

seeking treatment.*’*3

Sleep Disturbances and Depressive Symptoms

Sleep is a vital physiological process essential for self-regulation and maintaining internal homeostasis. It plays crucial
roles in memory consolidation, brain function protection, and immune system modulation.*” Adequate sleep supports
normal cognitive functions, including decision-making, language processing, information handling, and memory
storage.50
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Sleep disturbances encompass disturbance characterised by excessive sleep, insufficient sleep, disruptions in the
sleep-wake cycle, or abnormal behaviours during sleep.”’

Ageing is associated with alterations in sleep architecture. Compared to younger adults, older adults exhibit reduced
proportions of deep (slow-wave) sleep and rapid eye movement (REM) sleep, decreased sleep efficiency, and prolonged
sleep latency. Concurrently, the high prevalence of underlying comorbidities among the elderly further predisposes them

to sleep problems.’*>*

Sleep disturbances are highly prevalent in this population,>*>>

affecting nearly half of older adults, with at least one-
fifth meeting diagnostic criteria for insomnia.>® Chronic and recurrent sleep disturbances imposed significant physiolo-
gical and psychological burdens on older adults.

57,58

A significant association exists between sleep disturbances and depression, a finding corroborated by this study.

Elderly inpatients with sleep problems demonstrated a significantly higher incidence of depression compared to those
with good sleep quality. Research indicated a bidirectional relationship between sleep disturbances and depression.””-*
Disturbances such as insomnia and sleep fragmentation are common symptoms of depression but may also acted as
contributing factors or triggers. Poor sleep quality can induce anxiety and depressive mood, while depression, in turn,
disrupts sleep patterns.®’® In elderly patients, sleep disturbances often stem from chronic diseases, medication side
effects, or environmental factors, thereby elevating depression risk. Studies suggested that sleep disturbances may
increase vulnerability to depression by impairing activities of daily living and emotional regulation.®> Furthermore,
sleep quality not only impacted the presence of depression in the elderly but also influenced the risk of relapse following
a depressive episode remission.”> The often “invisible” nature of sleep disturbances, coupled with their frequent
underdiagnosis and undertreatment,®* represents a critical vulnerability in elderly patient health management. Research
indicated that comorbid sleep disturbances, depression, and anxiety present greater treatment challenges and impose
a heavier disease burden on elderly patients.®

Chronic Diseases and Depressive Symptoms

Geriatric depression is frequently associated with chronic diseases, including cardiovascular disease, chronic obstructive
pulmonary disease (COPD), diabetes, and Parkinson’s disease.®®’' Consistent with these previous findings, the present
study demonstrates that older adults with chronic diseases have a 2.476-fold higher risk of developing depression
compared with those without chronic diseases. Accumulating evidence suggests that chronic diseases are risk factors for
depressive states, and this relationship is bidirectional, as each condition may act as both a cause and an effect.”* "
Chronic diseases often entail prolonged courses and incomplete recovery, which can induce negative emotions and lead
to depressive symptoms. Furthermore, the long-term medication regimens typically required for chronic disease manage-
ment significantly compromise the quality of life for older adults. This impaired quality of life, coupled with the
cumulative burden of adverse drug effects(ADEs), exacerbates depressive symptoms. Ongoing medical expenses not
only increase the financial burden on families but also heighten psychological distress for the elderly, ultimately
precipitating the onset or exacerbation of depressive symptoms over time.”

This relationship is a matter of significant concern, as growing evidence highlights their complex interplay and
combined impact on overall health and well-being.”®’’ Substantial research has indicated that depression worsens
disease prognosis, increases mortality, and complicates treatment outcomes in patients with cardiovascular disease,
diabetes, and other chronic conditions.”®’® Depression may directly influence both the development and the course and
progression of chronic diseases through biological mechanisms, including dysregulation of the hypothalamic-pituitary-
adrenal (HPA) axis, increased inflammation, and autonomic dysfunction.®* "

Research also has indicated that the risk of developing chronic diseases increases with age. Individuals with multiple
chronic conditions exhibit a higher risk of depression.”***%* Several studies have quantified a dose-response relationship

between the number of coexisting chronic physical conditions and the risk of a depressive state (DS).***

Economic, Health Status, and Depressive Symptoms
Sources of income is another significant factor influencing the depressive state in elderly patients, with a well-established
relationship between socioeconomic factors and depression.”**® In this study, depressive symptoms were more prevalent
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the unemployed. Disparities in individual socioeconomic status constitute fundamental underlying causes of the emer-
gence and exacerbation of health inequities. Among these, economic is one of the most basic and critical health
determinants. It directly impacts key aspects such as livelihood resource adequacy, poor living conditions, access to
comprehensive healthcare, and deficiencies in social security systems. Elderly patients with better economic standing can
access more specialized care and greater opportunities to obtain health information for self-protection. Conversely, for
older adults with limited financial resources, illness led to substantially reduced health-promoting behaviours and reduced
assess to medical care, ultimately impacting their self-rated health.®’

Health status is a crucial determinant of depressive symptoms, and the relationship between pain and mental health
symptoms is complex and bidirectional. Chronic pain, as a source of various health risks, is closely associated with
comorbidities such as depression and sleep disturbance, further contributing to increased frailty and depressive states in the
elderly.®® This interrelationship among pain, depression, and anxiety symptoms often led to diagnostic uncertainty and
excessive polypharmacy, complicating disease management.®® Among hospitalised elderly patients, poor sleep quality,
chronic pain, and depressive symptoms frequently co-occur with frailty.”>! Research has indicated cumulative associations
between pain, insomnia (difficulty initiating and maintaining sleep), depressive symptoms, and frailty in older adults.
Results demonstrated a synergistic effect of pain, sleep initiation difficulty, and depressive symptoms on frailty, with the
odds ratio increasing substantially to 10.20-fold higher than that associated with individual symptoms alone.’*"!

Self-rated health (SRH) is the subjective assessment and estimation of health status by older adults, which repre-
sents subjective health complaints, defined as any health-related symptom or concern not accompanied by objective
pathological signs.”* Previous studies have found a positive correlation between geriatric depression and all subscales of
subjective health complaints in older adults.”> > The results of this study demonstrate that the risk of depressive
symptoms among older patients with poor SRH is 3.621 times higher than that among those with good SRH. This
association may stem from the fact that SRH largely reflects the objective health status of older adults, which itself
significantly predicts depression. As individuals age, physiological functions progressively decline, chronic physical
diseases become more prevalent, and the ability to perform activities of daily living diminishes. This can lead to feelings
of worthlessness due to a perceived inability to contribute meaningfully, resulting in poorer mental states and an
increased susceptibility to depressive symptoms.”®

Older inpatients with poor SRH may fear that illnesses will trigger emotional distress, thereby precipitating
depressive symptoms. Conversely, those with good SRH are likely to maintain confidence in their health and adopt
positive life attitudes, consequently reducing the likelihood of developing depressive symptoms.

Descriptive analysis reveals that older patients with chronic diseases exhibit poorer SRH. This may be attributed to
persistent physical discomfort and functional impairments stemming from multimorbidity, which collectively induce a more
negative overall health perception.”” As a pivotal metric of perceived health status, declining SRH may impair quality of
life and substantially elevate depression risk.”® Older adults with chronic conditions frequently experience physical and
mental exhaustion due to chronic pain, functional impairments, and complex medication management.”” The cumulative
disease burden exacerbates physical distress and deteriorates health evaluations, significantly diminishing SRH.'®

Among older patients with multimorbidity, a positive self-concept helps alleviate stress and loneliness while enhancing
perceived control and life satisfaction. Conversely, declining SRH correlates with heightened physical and psychological
vulnerability, increased pessimism about the future, and quality-of-life concerns, all factors amplifying depression risk.'%!*1**
Crucially, SRH reflects older adults’ holistic health appraisal,'®® and this positive holistic health appraisal enhances well-being

while effectively mitigating psychological distress and negative emotions associated with health challenges.'**'%°

Comparison with Previous Studies

Existing models are mostly based on department specific samples (eg.,Neurology, cancer, surgery).>”'°!%” By compar-
ison, our study has included 11,269 inpatients from multiple departments (internal medicine, surgery, geriatrics,
neurology, etc)., yielding a more representative sample of geriatric inpatient. This broader overcomes the limitation of
poor generalizability of previous models, given that depressive symptoms are prevalent across clinical departments,
necessitating a generalizable screening tool.
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Previous models have incorporated conventional predictors such as age and gender, as well as Activities of Daily

196 which necessitates additional time and resources for data collection. All

Living(ADL) assessed via interviews,
predictors in our model are mandatory fields in the medical record system, ensuring data completeness and alleviating
the clinical burden, which is a key advantage for routine clinical application. The model can calculate the risk score at
admission, facilitating real-time identification of high-risk patients and prompt intervention. This aligns with the

requirements of geriatric mental health management, particularly in high-volume clinical settings.

Limitations

This study has some limitations. All research data were collected from routine hospital medical records, originally
collected for clinical care rather than research purposes, which may introduce potential selection and information biases.
The study was conducted based on a single-center cohort, which may limit the external generalizability of the established
model. Although the large sample size and strict internal Bootstrap validation ensured the stability of the model within
the current cohort, the lack of external validation may affect the credibility of the model’s clinical application. The
demographic characteristics, disease spectrum and medical environment of different hospitals may affect the model
performance. In the future, multi-center external validation is urgently needed to further verify the generalization
performance of the model in different clinical institutions and different elderly patient populations.

Conclusions

This study identified the most significant independent risk factors for depressive symptoms among older inpatients and
constructed a simple assessment model with good performance. The results suggested that the model has potential due to its
discrimination and calibration ability to asses the occurrence of depressive symptoms. The model has undergone only
internal validation, and its performance in different populations requires external validation. In addition, the model has good
clinical utility, and it is suitable for preliminary depression risk screening in older inpatients at admission but should not be
used as a diagnostic tool. High-risk individuals identified through screening require clinical assessment by psychiatrists for
confirmation. Future multi-center prospective studies are needed to validate the model’s stability and generalizability across
diverse healthcare settings, and to investigate whether model-guided interventions improve patient outcomes.
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