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Background: Depression represents a significant clinical concern for individuals diagnosed with non-small cell lung cancer
(NSCLC) following surgical resection. This study aimed to investigate the potential of preoperative peripheral blood parameters,
including the neutrophil/lymphocyte ratio (NLR), lymphocyte/monocyte ratio (LMR), and platelet/lymphocyte ratio (PLR), as
predictive indicators for the risk of developing depression within the initial 90-day postoperative period in NSCLC patients.
Methods: A prospective cohort study was conducted, enrolling 350 NSCLC patients, with 250 participants in the training set
and 100 participants in the testing set. Participants were classified based on the presence or absence of depression 90 days after
surgery. Preoperative blood parameters, including NLR, LMR, PLR, and inflammatory biomarkers, were measured. Statistical
analyses, encompassing Logistics regression analysis and receiver operating characteristic (ROC) curve analysis, were performed
to assess the significance and predictive value of these blood parameters. Multivariate predictive models were constructed based
on the identified significant parameters.

Results: In the training set, statistically significant differences were observed between the non-depression and depression groups
for NLR (4.35 &+ 1.23 vs. 3.14 + 0.82, t = 8.715, p < 0.001), LMR (3.84 + 1.58 vs. 5.58 + 1.23, t = 8.849, p < 0.001), PLR
(187.46 £ 35.26 vs. 152.36 + 32.46, t = 7.112, p < 0.001), and various blood parameters. Logistics regression analysis showed
significant associations between NLR, LMR, PLR, and postoperative depression. ROC curve analysis indicated the predictive
value of NLR [area under the curve (AUC) = 0.794], LMR (AUC = 0.800), and PLR (AUC = 0.766), with the multivariate model
yielding an AUC of 0.931. These results were consistent in the testing set, where significant differences were observed between
the non-depression and depression groups for NLR (4.23 + 1.24 vs. 3.13 + 0.75, t =5.417, p < 0.001), LMR (3.17 &= 1.55 vs. 4.76
+ 1.22, t=5.412, p < 0.001), PLR (189.46 + 46.58 vs. 151.48 + 34.26, t = 4.481, p < 0.001), and various blood parameters. The
AUC values were 0.771, 0.791, and 0.755 for NLR, LMR, and PLR, respectively, while the multivariate model yielded an AUC of
0.928.

Conclusions: The study highlights the potential of preoperative peripheral blood NLR, LMR, and PLR as predictive indicators
for the risk of postoperative 90-day depression in patients with NSCLC.

Clinical Trial Registration: Approval number: ChiCTR2300070375, https://www.chictr.org.cn/index.html.
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Introduction Patients with NSCLC exhibit a high prevalence of de-
pressive symptoms, with an estimated 36% experiencing
moderate to severe depression at the time of diagnosis. This
clinical presentation is often resistant to psychological treat-

ment [3]. The prevalence of depression in cancer patients,

Lung cancer, predominantly the non-small cell lung
cancer (NSCLC) subtype accounting for approximately
85% of cases, is a leading cause of cancer-related mor-
tality worldwide [1]. Surgical resection remains a pivotal

curative treatment modality for early-stage NSCLC, offer-
ing the potential for long-term survival and disease control
[2]. However, the postoperative period poses significant
challenges for patients, encompassing the physical and psy-
chological impact of the diagnosis, treatment, and recovery
process.

particularly those undergoing surgical procedures, has gar-
nered increasing attention due to its detrimental effects on
overall well-being, treatment adherence, and clinical out-
comes [4—6]. Postoperative depression in NSCLC patients
can manifest as persistent feelings of sadness, hopelessness,
and reduced quality of life, adding a layer of complexity
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to their recovery journey [7,8]. Identifying individuals at
higher risk for postoperative depression is crucial for im-
plementing timely interventions and personalized support
strategies to mitigate its impact on patient outcomes.

Depression is associated with biological dysregulation
that may contribute to disease progression. Lung cancer is
characterized by a dysfunctional immune system, as evi-
denced by tobacco/smoking-induced inflammation, an in-
flammatory tumor microenvironment, and robust, systemic
inflammatory responses [9]. In this context, there is evi-
dence that severe depressive symptoms are correlated with
elevations of proinflammatory cytokines, decreased adap-
tive immune responses, and others [10]. Thus, findings sug-
gest that inflammation with depression co-occurs with that
arising from lung cancer [11].

The relationship between cancer-related inflammation
and depressive symptoms has garnered significant attention
in recent years [ 12—14]. Accumulating evidence suggests a
crucial interplay between the immune system and the cen-
tral nervous system in the pathogenesis of depressive symp-
toms. Pro-inflammatory cytokines and immune dysregula-
tion contribute to the neurobiological changes observed in
depression [15,16]. Consequently, investigating peripheral
blood parameters associated with systemic inflammation,
such as the neutrophil/lymphocyte ratio (NLR), lympho-
cyte/monocyte ratio (LMR), and platelet/lymphocyte ratio
(PLR), has emerged as a promising approach for predict-
ing postoperative depression risk in cancer patients [17].
NLR, LMR, and PLR have emerged as readily available
and cost-effective markers of systemic inflammation, re-
flecting the balance between pro-inflammatory and anti-
inflammatory processes in the body [18]. These blood pa-
rameters have been studied in various clinical contexts, in-
cluding cancer, cardiovascular disease, and inflammatory
conditions, demonstrating their potential as prognostic and
predictive indicators for patient outcomes. In the context of
cancer, elevated NLR decreased LMR, and increased PLR
have been associated with tumor progression, treatment re-
sponse, and survival outcomes across different malignan-
cies. These associations underscore the relevance of NLR,
LMR, and PLR as indicators of the tumor microenviron-
ment and host immune response.

While the prognostic value of NLR, LMR, and PLR in
cancer has been extensively studied, their potential utility in
predicting postoperative depression risk among NSCLC pa-
tients remains relatively unexplored. Early identification of
individuals at higher risk for postoperative depression could
facilitate targeted monitoring and supportive interventions,
potentially improving clinical outcomes and patient well-
being. Therefore, this study aims to investigate the asso-
ciation between preoperative peripheral blood NLR, LMR,
and PLR and the risk of postoperative depression in NSCLC
patients undergoing surgical resection.
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Materials and Methods

Research Object

The study design was a prospective cohort study.
The recruitment plan aimed to enroll 350 participants from
Changde Hospital, Xiangya School of Medicine, Central
South University (The First People’s Hospital of Changde
City) between October 2022 and October 2023. Partici-
pants were classified into two groups based on their depres-
sion status 90 days after undergoing curative lung cancer
surgery: those who did not develop postoperative depres-
sion and those who did. Subsequently, the participants were
randomly allocated into a training set comprising 250 indi-
viduals and a testing set comprising 100 individuals, adher-
ing to a 7:3 ratio.

Inclusion and Exclusion Criteria

Inclusion criteria: (1) patients diagnosed with
NSCLC who have undergone complete surgical resection;
(2) tumor stage I-II; (3) pathological type of squamous cell
carcinoma or adenocarcinoma; (4) age >18 years; (5) com-
pletion of follow-up assessment at 90 days postoperatively;
(6) completion of depression screening and evaluation dur-
ing the outcome interview; and (7) availability of complete
medical records.

Exclusion criteria: (1) severe medical history; (2)
factors that may affect white blood cell, lymphocyte, and
platelet counts, such as the history of infection, concomi-
tant hematologic or autoimmune diseases; (3) patients with
two or more primary malignant tumors; (4) mortality within
90 days postoperatively; (5) acute cerebrovascular events,
traumatic brain injury, or other central nervous system dis-
orders within 90 days postoperatively; (6) patients with
acute cardiac disease or chronic underlying diseases; (7)
patients with severe liver or kidney impairment; and (8) pa-
tients with a history of mental illness.

Case withdrawal and dropout: All enrolled partic-
ipants possess the right to withdraw from the study at any
time. Reasons for withdrawal: (1) participant’s request to
withdraw and unwillingness to continue; (2) loss to follow-
up; (3) refusal to continue the follow-up; and (4) the re-
searcher determined other reasons that made participants
unsuitable for continued participation in the study. Partic-
ipants who prematurely withdrew their involvement in the
study were classified as dropout cases. In the event of a par-
ticipant’s dropout, concerted efforts should be undertaken
to establish contact with the individual to complete the as-
sessment items and fill out the study summary page.

Grouping Method

The Geriatric Depression Scale (GDS)-30 was used to
evaluate depressive symptoms in the elderly. The GDS-30
consists of 30 items, with a total score ranging from 0 and
30, where higher scores indicate more severe depression.
A score of 0—10 is considered normal, 11—-20 indicates
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Table 1. Demographics and clinical characteristics of NSCLC patients (training set).

Characteristics Non-depression group (n=191)  Depression group (n=59)  t/x? P

Age (years) 63.48 +7.21 64.73 £+ 6.89 1.176 0.241
Gender (male/female) 120 (62.83%)/71 (37.17%) 36 (61.02%)/23 (38.98%)  0.063 0.802
BMI (kg/m?) 2445 +2.81 24.87 + 3.45 0.949 0.344
Smoking history 39 (20.42%) 11 (18.64%) 0.089 0.766
Drinking history 38 (19.90%) 11 (18.64%) 0.045 0.832

Education level

High school or below 62 (32.46%) 20 (33.90%) 0,042 0.837
Above the high school 129 (67.54%) 39 (66.10%)

Marital status
Single 57 (29.84%) 19 (32.20%)
Married 90 (47.12%) 27 (45.76%)
Divorced 19 (9.95%) 5(8.47%) 0.463 0.977
Widowed 15 (7.85%) 4 (6.78%)
Other 10 (5.24%) 4 (6.78%)

Employment status
Unemployed 10 (5.24%) 4 (6.78%) 0.203 0.652
Employed 181 (94.76%) 55(93.22%)

Comorbidities
Hypertension 56 (29.32%) 16 (27.12%) 0.106 0.744
Diabetes 53 (27.75%) 15 (25.42%) 0.123 0.726
Hyperlipidemia 44 (23.04%) 12 (20.34%) 0.189 0.664
Coronary heart disease 10 (5.24%) 4 (6.78%) 0.203 0.652
Atrial fibrillation 6 (3.14%) 3 (5.08%) 0.491 0.484
Congestive heart failure 4 (2.09%) 2 (3.39%) 0.323 0.570
Dementia 6 (3.14%) 1 (1.69%) 0.347 0.556
Epilepsy 7 (3.66%) 1 (1.69%) 0.565 0.452
Parkinson’s disease 6 (3.14%) 1 (1.69%) 0.347 0.556
Chronic obstructive pulmonary disease 13 (6.81%) 5 (8.47%) 0.188 0.665

Pathology credit type
Squamous cell carcinoma 107 (56.02%) 32 (54.24%) 0.058 0.810
Adenocarcinoma 84 (43.98%) 27 (45.76%)

Tumor stage
I 67 (35.08%) 19 (32.20%)

0.165 0.684

I 124 (64.92%) 40 (67.80%)

NSCLC, non-small cell lung cancer; BMI, body mass index.

mild depression, and 21—30 indicates moderate to severe
depression. In this study, patients scoring 0—10 were clas-
sified into the non-depression group postoperatively, while
those scoring > 10 were classified into the depression group
postoperatively. The Cronbach’s « for the GDS-30 was
0.902 [19].

Detection Indicators
General Information

The assessment primarily encompasses the follow-
ing patient characteristics and clinical factors: age, gen-
der, body mass index (BMI), smoking history, alcohol con-
sumption history, educational status, marital status, em-
ployment status, comorbidities, pathological classification,
and tumor staging.

Blood Indicators

A 3 mL sample of fasting venous blood was collected
from the patient’s elbow before the operation. After serum
separation, the blood sample was subjected to testing for
white blood cell count, platelet count, lymphocyte count,
and erythrocyte sedimentation rate (ESR) using a fully auto-
matic biochemical analyzer (BS-280, Mindray, Shenzhen,
China). The serum cortisol concentration was measured us-
ing a chemiluminescent microparticle immunoassay. Ad-
ditionally, red blood cell count, hemoglobin content, neu-
trophil count, mean red blood cell volume and monocyte
count were analyzed using a fully automatic blood cell ana-
lyzer (XE2100, SYSMEX, Kobe, Japan). The NLR, LMR,
and PLR were calculated based on the respective cell counts
obtained from the analysis.
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Table 2. Comparison of blood test between the two groups (Training set).

Parameter

depression group (n=191)

Non-postoperative

Postoperative depression t P
group (n = 59)

Neutrophil/lymphocyte ratio (NLR) 3.14 +0.82 435+ 1.23 8.715 <0.001
Lymphocyte/monocyte ratio (LMR) 5.58 +1.23 3.84 + 1.58 8.849  <0.001
Platelet/lymphocyte ratio (PLR) 152.36 + 32.46 187.46 + 35.26 7.112  <0.001
Platelet count (x 10°/L) 250.67 + 35.89 265.89 £+ 40.12 2.768  0.006
Lymphocyte count (x 109/L) 2.64 £ 0.64 2.35+0.78 2.883 0.004
Hemoglobin (g/dL) 14.24 + 1.68 13.66 + 1.74 2298  0.022
White blood cell (x 109/L) 7.23 £2.13 8.12 £2.36 2.734  0.007
Red blood cell (x1012/L) 4.79 + 0.54 4.58 £+ 0.65 2484  0.014
Mean corpuscular volume (fL) 88.81 + 3.58 87.51 £4.23 2.332 0.021
Neutrophil count (x 109/L) 4.75+1.23 523 +£142 2.524  0.012
Monocyte count (x 109/L) 0.73 £0.25 0.84 £+ 0.35 2.670  0.008
Inflammatory Biomarkers Results

Levels of inflammatory factors in the two groups
were determined by enzyme-linked immunosorbent as-
say (ELISA) before surgical intervention. The assessed
biomarkers included tumor necrosis factor-a (TNF-a,
ab181421, Abcam, Cambridge, UK), interleukin-6 (IL-6,
ab178013, Abcam, Cambridge, UK), and C-reactive pro-
tein (CRP, ab260058, Abcam, Cambridge, UK), which
were measured using an immunoturbidimetric assay.

Statistical Analysis

The data analysis was performed using SPSS version
29.0 statistical software (SPSS Inc, Chicago, IL, USA). Cat-
egorical data were presented in the form of [n (%)] and were
subjected to the chi-square test employing the standard for-
mula when the sample size was >40 and the theoretical fre-
quency T was >5. When the sample size was >40, but the
theoretical frequency was 1 < T < 5, the chi-square test
was performed using the corrected formula. In cases where
the sample size was <40 or the theoretical frequency was
T <1, Fisher’s exact probability method was utilized for
statistical analysis. The Shapiro-Wilk test was employed
to assess the normality of continuous variables. For nor-
mally distributed continuous variables, the form of (X s)
was used, and the #-test with corrected variance was applied.
Statistical significance was defined as two-tailed p < 0.05.
Logistics regression analysis was used to screen the risk fac-
tors for the occurrence of depression within 90 days after
surgery in NSCLC patients. The diagnostic performance of
NLR, LMR, and PLR, either individually or in combina-
tion, for postoperative depression in NSCLC was evaluated
using the area under the curve (AUC) of receiver operat-
ing characteristic (ROC). A joint predictive model was con-
structed using the multinomial distribution (multinom) and
the gradient boosting machine (GBM) algorithm. Figures
were generated based on the optimal thresholds.

Demographics and Clinical Characteristics
(Training Set)

The demographic and clinical characteristics of
NSCLC patients in the training set were analyzed to inves-
tigate their association with the risk of postoperative 90-day
depression (Table 1). The study cohort comprised 191 pa-
tients in the non-depression group and 59 patients in the de-
pression group. Statistical analysis revealed no significant
differences between the two groups in terms of age, gender
distribution, BMI, smoking history, alcohol consumption
history, education level, marital status, employment status,
and comorbidities such as hypertension, diabetes, hyper-
lipidemia, coronary heart disease, atrial fibrillation, con-
gestive heart failure, dementia, epilepsy, Parkinson’s dis-
ease, and chronic obstructive pulmonary disease (COPD),
pathology credit type, or tumor stage (p > 0.05). These
findings suggest that the demographic and clinical charac-
teristics of NSCLC patients in the two groups were largely
comparable.

Comparison of Blood Test between the Two Groups
(Training Set)

The comparison of blood parameters between the non-
postoperative depression group and the postoperative de-
pression group within the training set revealed several sig-
nificant differences (Table 2). The postoperative depression
group exhibited higher NLR values compared to the non-
depression group (4.35 4+ 1.23 vs. 3.14 + 0.82, t = 8.715,
p < 0.001), as well as lower LMR (3.84 4+ 1.58 vs. 5.58
+ 1.23, t = 8.849, p < 0.001) and higher PLR (187.46 +
35.26 vs. 152.36 4+ 32.46,t="7.112, p < 0.001). Addition-
ally, the postoperative depression group exhibited higher
platelet counts (265.89 + 40.12 vs. 250.67 £ 35.89, t =
2.768, p = 0.006), lower lymphocyte counts (2.35 + 0.78
vs. 2.64 £ 0.64, t=2.883, p = 0.004), reduced hemoglobin
levels (13.66 + 1.74 vs. 14.24 £ 1.68,t=2.298, p = 0.022),
elevated white blood cell counts (8.12 £+ 2.36 vs. 7.23 +
2.13,t=2.734, p = 0.007), decreased red blood cell counts


https://www.discovmed.com/

352

Table 3. Inflammatory biomarkers in non-postoperative depression group and postoperative depression group (Training set).

Parameter Non-postoperative

depression group (n = 191)

Postoperative depression t P
group (n = 59)

CRP level (mg/L) 6.92 +2.18
IL-6 level (pg/mL) 19.27 + 5.89
TNF-« level (pg/mL) 28.08 +9.45
ESR level (mm/h) 18.32 £ 6.78
Cortisol level (ng/dL) 21.16 £5.23

7.89 £3.45 2.569  0.011
21.45+£7.32 2340  0.020
31.46 £ 11.78 2.259  0.025
21.45 +£8.32 2.931 0.004
2321 £6.78 2444  0.015

CRP, C-reactive protein; IL-6, interleukin-6; TNF-«, tumor necrosis factor-a;; ESR, erythrocyte sedi-

mentation rate.

(4.58 £ 0.65 vs. 4.79 £ 0.54, t =2.484, p = 0.014), lower
mean corpuscular volume (87.51 £ 4.23 vs. 88.81 4 3.58,
t=2.332, p =0.021), higher neutrophil count (5.23 4 1.42
vs. 4.75 £ 1.23,t=2.524, p=0.012), and higher monocyte
counts (0.84 £+ 0.35 vs. 0.73 £ 0.25, t =2.670, p = 0.008).
These findings indicate significant differences in hemato-
logical parameters between the two groups, suggesting po-
tential associations with the risk of postoperative 90-day de-
pression in NSCLC patients.

Comparison of Inflammatory Biomarkers between
the Two Groups (Training Set)

In the training set, a comparison of inflamma-
tory biomarkers between the non-postoperative depression
group and the postoperative depression group revealed sta-
tistically significant differences in CRP level (6.92 £ 2.18
vs. 7.89 £ 3.45,t=2.569, p = 0.011), IL-6 level (19.27 +
5.89 vs. 21.45 £ 7.32,t =2.340, p = 0.020), TNF-« level
(28.08 £9.45vs. 31.46 £ 11.78,t=2.259, p = 0.025), ESR
level (18.32 £ 6.78 vs. 21.45 + 8.32, t=2.931, p =0.004),
and cortisol level (21.16 + 5.23 vs. 23.21 4+ 6.78,t=2.444,
p =0.015) (Table 3). These findings suggest a potential as-
sociation between inflammatory biomarkers and the risk of
postoperative 90-day depression in NSCLC patients, high-
lighting the relevance of these biomarkers in constructing
predictive models for postoperative depression risk.

Logistic Regression Analysis of the Preoperative
Peripheral Blood NLR, LMR, and PLR with the
Occurrence of Depression within 90 Days after
Surgery in NSCLC Patients (Training Set)

The logistic regression analysis identified several pre-
operative peripheral blood parameters that are significantly
associated with the occurrence of depression within 90 days
post-surgery in NSCLC patients. Notably, higher levels of
NLR, PLR, platelet count, WBC count, neutrophil count,
monocyte count, CRP, IL-6, TNF-«, ESR, and cortisol
were associated with an increased risk of post-surgical de-
pression (Table 4). Conversely, higher levels of LMR, lym-
phocyte count, hemoglobin, RBC count, and MCV were
associated with a decreased risk of post-surgical depres-
sion. These findings suggest that inflammatory markers and
immune-related parameters play a crucial role in predicting
post-surgical depression in NSCLC patients.

ROC (Training Set)

The predictive value of preoperative peripheral blood
NLR, LMR, and PLR for the occurrence of depression
within 90 days after surgery in NSCLC patients from the
training set was assessed. The NLR demonstrated a sensi-
tivity of 0.797 and specificity of 0.733, with an area un-
der the curve (AUC) of 0.794 (Fig. 1A). In comparison,
the LMR showed a sensitivity of 0.542 and a specificity of
0.937, with an AUC of 0.800 (Fig. 1B). The PLR exhibited
a sensitivity of 0.712 and a specificity of 0.681, with an
AUC of 0.766 (Fig. 1C). These findings suggest that NLR,
LMR, and PLR have potential as predictive indicators for
the occurrence of postoperative depression within 90 days,
highlighting their value in constructing a multivariate pre-
dictive model for postoperative depression risk in NSCLC
patients.

Finally, this study combines the predictive values of
the NLR, LMR, and PLR to develop a multivariate predic-
tive model for forecasting postoperative 90-day depression
risk in NSCLC patients (Fig. 2). The AUC value of 0.931
indicates that the multivariate predictive model, based on
NLR, LMR, and PLR, holds high predictive value for post-
operative 90-day depression risk in NSCLC patients.

Patient Demographics and Sociodemographic
Characteristics (Testing Set)

In the testing set, patient demographics and sociode-
mographic characteristics were compared between the non-
depression group (n = 72) and the depression group (n=28)
(Table 5). The groups did not exhibit significant differences
in age, gender distribution, BMI, smoking history, drinking
history, education level, marital status, employment status,
or comorbidities, including hypertension, diabetes, hyper-
lipidemia, coronary heart disease, atrial fibrillation, con-
gestive heart failure, dementia, epilepsy, Parkinson’s dis-
ease, and chronic obstructive pulmonary disease, pathology
credit type, or tumor stage (p > 0.05). These findings indi-
cate that the patient demographics and sociodemographic
characteristics between the two groups in the testing set
were largely comparable.
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Table 4. Logistics regression analysis of the risk factors for the occurrence of depression within 90 days after surgery in NSCLC

patients (Training set).

Parameter SE Wald OR B value 95%ClI P
Neutrophil/lymphocyte ratio (NLR)  0.211 6.367  3.832 1.343 2.604-5.978 <0.001
Lymphocyte/monocyte ratio (LMR)  0.145 —6.567 0.386  —0.952 0.285-0.505 <0.001
Platelet/lymphocyte ratio (PLR) 0.006  5.772 1.033 0.032 1.022-1.045 <0.001
Platelet count (x 109/L) 0.004  2.688 1.011 0.011 1.003-1.020 0.007
Lymphocyte count (x 109/L) 0227 -2.791 0.530 -0.635 0.335-0.821 0.005
Hemoglobin (g/dL) 0.092 2266 0.812 -0.208 0.675-0.969 0.023
White blood cell (x109/L) 0.070  2.668 1.204 0.186 1.053-1.385 0.008
Red blood cell (x1012/L) 0267 2431 0.523 -0.648 0.306-0.876 0.015
Mean corpuscular volume (fL) 0.041 2293 0910 —0.094 0.838-0.985 0.022
Neutrophil count (x 10%/L) 0.123  2.495 1.358 0.306 1.073-1.738 0.013
Monocyte count (x 109/L) 0.553  2.593  4.197 1.434 1.444-12.754 0.010
CRP level (mg/L) 0.058  2.499 1.156 0.145 1.033-1.299 0.012
IL-6 level (pg/mL) 0.024 2.292 1.057 0.055 1.009-1.110 0.022
TNF-« level (pg/mL) 0.015 2.218 1.033 0.032 1.004-1.064 0.027
ESR level (mm/h) 0.021 2.847 1.063 0.061 1.020-1.109 0.004
Cortisol level (png/dL) 0.027  2.385 1.066 0.064 1.012-1.124 0.017
A B ~
0.75 0.75
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Fig. 1. Predictive value of preoperative peripheral blood NLR, LMR, and PLR for the occurrence of depression within 90 days
after surgery in NSCLC patients (Training set). (A) NLR. (B) LMR. (C) PLR. AUC, area under the curve.

Comparison of Blood Test between the Two Groups
(Testing Set)

The postoperative depression group exhibited a signif-
icantly higher NLR compared to the non-depression group
(423 + 1.24 vs. 3.13 £ 0.75, t = 5417, p < 0.001)
(Table 6). Similarly, the LMR was significantly lower in
the postoperative depression group compared to the non-
depression group (3.17 + 1.55vs. 4.76 + 1.22,t=5.412,p

< 0.001). Additionally, the PLR was notably higher in the
postoperative depression group than in the non-depression
group (189.46 + 46.58 vs. 151.48 + 34.26, t =4.481, p
< 0.001). These findings suggest that consistent with the
training set, the three blood parameters may be associated
with the occurrence of postoperative depression.
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Table S. Patient demographics and sociodemographic characteristics (Testing set).

Characteristics Non-depression group (n=72)  Depression group (n=28)  t/x? P
Age (years) 63.65 +7.14 64.55 £ 7.35 0.561 0.576
Gender (male/female) 42 (58.33%)/30 (41.67%) 15 (53.57%)/13 (46.43%)  0.187 0.666
BMI (kg/m?) 23.86 +2.75 23.65 £3.47 0.318 0.751
Smoking history 13 (18.06%) 6(21.43%) 0.149 0.699
Drinking history 15 (20.83%) 5(17.86%) 0.112 0.738
Education level
High school or below 24 (33.33%) 14 (50.00%) 2377 0.123
Above the high school 48 (66.67%) 14 (50.00%)
Marital status
Single 22 (30.56%) 8 (28.57%)
Married 33 (45.83%) 12 (42.86%)
Divorced 7 (9.72%) 3 (10.71%) 0.888 0.926
Widowed 6 (8.33%) 2 (7.14%)
Other 4 (5.56%) 3 (10.71%)
Employment status
Unemployed 4 (5.56%) 3 (10.71%) 0.824 0.364
Employed 68 (94.44%) 25 (89.29%)
Comorbidities
Hypertension 21 (29.17%) 7 (25.00%) 0.174 0.677
Diabetes 18 (25.00%) 8 (28.57%) 0.134 0.715
Hyperlipidemia 18 (25.00%) 6(21.43%) 0.141 0.707
Coronary heart disease 4 (5.56%) 3 (10.71%) 0.824 0.364
Atrial fibrillation 3 (4.17%) 2 (7.14%) 0.376 0.540
Congestive heart failure 2 (2.78%) 2 (7.14%) 1.000 0.317
Dementia 2 (2.78%) 3 (10.71%) 2.673 0.102
Epilepsy 1 (1.39%) 2 (7.14%) 2.294 0.130
Parkinson’s disease 1(1.39%) 2 (7.14%) 2.294 0.130
Chronic obstructive pulmonary disease 5 (6.94%) 3 (10.71%) 0.389 0.533
Pathology credit type
Squamous cell carcinoma 41 (56.94%) 15 (53.57%)
. 0.093 0.760
Adenocarcinoma 31 (43.06%) 13 (46.43%)
Tumor stage
I 25 (34.72%) 9 (32.14%)
0.060 0.807
I 47 (65.28%) 19 (67.86%)

BMI, body mass index.

Comparison of Inflammatory Biomarkers between
the Two Groups (Iesting Set)

In the testing set, a comparison of inflamma-
tory biomarkers between the non-postoperative depression
group and the postoperative depression group revealed sta-
tistically significant differences in CRP level (6.19 £ 2.14
vs. 7.52 £3.12,t=2.073, p = 0.045), IL-6 level (19.14 +

Logistics Regression Analysis (Testing Set)

In testing set, higher levels of NLR, PLR and CRP
were associated with an increased risk of post-surgical de-
pression (Table 8). Conversely, higher levels of LMR was
associated with a decreased risk of post-surgical depression.

523 vs. 21.83 £ 6.03, t =2.077, p = 0.044), TNF-« level
(28.15 £9.75 vs. 32.69 £ 9.36,t=2.152, p = 0.036), ESR
level (18.26 £ 6.15 vs. 21.44 4+ 7.24, t=2.054, p = 0.046),
and cortisol level (21.24 + 5.11 vs. 23.62 +5.15,t=2.085,
p = 0.042) (Table 7). These results suggest a potential as-
sociation between inflammatory biomarkers and the risk of
postoperative 90-day depression in NSCLC patients, high-
lighting the relevance of these biomarkers in constructing
predictive models for postoperative depression risk.

ROC (Testing Set)

The preoperative peripheral blood NLR, LMR, and
PLR exhibited predictive value for the occurrence of de-
pression within 90 days after surgery in the testing set of
NSCLC patients. The NLR had a sensitivity of 0.750,
specificity of 0.736, and an AUC of 0.771 (Fig. 3A). The
LMR showed a sensitivity of 0.571, specificity of 0.958,
and an AUC of 0.791 (Fig. 3B). The PLR demonstrated a
sensitivity of 0.643, specificity of 0.875, and an AUC of
0.755 (Fig. 3C). These findings indicate that all three blood
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Table 6. Comparison of blood tests between the two groups (Testing set).

Parameter

depression group (n = 72)

Non-postoperative

Postoperative depression t P
group (n = 28)

Neutrophil/lymphocyte ratio (NLR)
Lymphocyte/monocyte ratio (LMR)
Platelet/lymphocyte ratio (PLR)

3.13 £0.75
476 £1.22
151.48 + 34.26

423 +£1.24 5417  <0.001
317 £ 1.55 5412 <0.001
189.46 + 46.58 4481 <0.001

Table 7. Inflammatory biomarkers in the non-postoperative depression group and the postoperative depression group (Testing

set).

Parameter Non-postoperative

depression group (n = 72)

Postoperative depression t )4

group (n = 28)

CRP level (mg/L) 6.19+2.14 752 +3.12 2073 0.045

IL-6 level (pg/mL) 19.14 + 5.23 21.83 + 6.03 2077 0.044

TNF-a level (pg/mL) 28.15 4+ 9.75 32.69 + 9.36 2152 0.036

ESR level (mm/h) 18.26 + 6.15 21.44 +7.24 2.054  0.046

Cortisol level (pg/dL) 21.24 +5.11 23.62 +5.15 2.085  0.042

1.0 Discussion

0.8 In this prospective cohort study, we investigated
the potential of preoperative peripheral blood parameters,
;*E 0.6 specifically the NLR, LMR, and PLR, as predictive indica-
'§ tors for the risk of postoperative depression within 90 days
B 0.4 / in patients with NSCLC. Our results demonstrate signifi-
AUC=0.931 cant associations between these blood parameters and the
0.2 / p<0.001 incidence of postoperative depression. Furthermore, we de-
95% Cl: 0.895-0.968 veloped a multivariate predictive model incorporating these
0.0+ parameters, which shows promise for accurately predicting

00 02 04 06 08 10
1-Specificity

Fig. 2. Multivariate predictive model based on preoperative
peripheral blood NLR, LMR, and PLR for the prediction
of postoperative 90-day depression risk in NSCLC patients

(Training set).

parameters have predictive value for the occurrence of post-
operative depression, consistent with the results observed in
the training set. This study will proceed to construct a multi-
factorial combined model to observe whether the predictive
value in the testing set aligns with that of the training set.
Finally, this study combines the predictive value of
NLR, LMR, and PLR to construct a multivariate predic-
tive model for forecasting the risk of postoperative 90-day
depression in NSCLC patients (Fig. 4). The AUC value of
0.928 indicates that the multivariate predictive model based
on NLR, LMR, and PLR holds high predictive value for the
risk of postoperative 90-day depression in NSCLC patients.
This is consistent with the results from the training set, fur-
ther strengthening the evidence of the multivariate predic-
tive model incorporating NLR, LMR, and PLR in predicting
postoperative depression in NSCLC at 90 days.

postoperative depression in this patient cohort.

The incidence of depression in cancer patients, partic-
ularly those undergoing surgical procedures, is a growing
concern due to its significant impact on quality of life, treat-
ment compliance, and overall clinical outcomes [20,21].
In this study, 87 out of 350 participants developed de-
pression within 90 days after surgery, resulting in an in-
cidence rate of 24.86%, which is relatively low compared
to previous study [22]. The identification of reliable pre-
dictive biomarkers for postoperative depression is crucial
for early intervention and personalized management strate-
gies. Our study contributes to the existing body of evidence
by proposing a multivariate predictive model that integrates
preoperative peripheral blood parameters to assess the risk
of postoperative depression in NSCLC patients.

The observed significant differences in blood param-
eters between the non-depression and depression groups in
both the training and testing sets support the potential utility
of the NLR, LMR, and PLR as predictive indicators. The
elevated NLR and PLR, along with the reduced LMR in
the depression group, suggest a association between sys-
temic inflammation and the onset of postoperative depres-
sion. These findings are consistent with previous studies
that have demonstrated the impact of inflammation on the
pathophysiology of depression [23,24]. They emphasize
the potential role of these blood parameters as markers of
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Table 8. Logistics regression analysis of the risk factors for the occurrence of depression within 90 days after surgery in NSCLC

patients (Testing set).

Parameter SE Wald OR B value 95%ClI P
Neutrophil/lymphocyte ratio (NLR) ~ 0.520 12.950  6.493 1.871 2.344-17.987 <0.001
Lymphocyte/monocyte ratio (LMR)  0.346  11.315  0.313  -1.163 0.159-0.615 0.001
Platelet/lymphocyte ratio (PLR) 0.013  7.703  1.038  0.037 1.011-1.066 0.006
CRP level (mg/L) 0.182 5526 1.534  0.428 1.074-2.193 0.019
IL-6 level (pg/mL) 0.072  2.818 1.129  0.121 0.980-1.301 0.093
TNF-« level (pg/mL) 0.044  0.151 1.017  0.017 0.933-1.109 0.697
ESR level (mm/h) 0.060 0299 1.034  0.033 0.918-1.163 0.584
Cortisol level (png/dL) 0.075 1.114 1.082  0.079 0.935-1.252 0.291

1.00

A

0.75

Sensitivity
o
@
2

025
AUC =0.771

Best Threshold = 3.53
0.00 Youden Index = 0.486

0.00 025 0.50 1.00
1 - Specificity

C 1.00

Sensitivity
2

0.00 025

0.50
1 - Specificity
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o
=

025
AUC =0.791

Best Threshold = 2.74
000 Youden Index = 0.53

0.00 025 0.50 1.00
1 - Specificity

AUC =0.755

Best Threshold = 185.31

Youden Index = 0.518
1.00

Fig. 3. Predictive value of preoperative peripheral blood NLR, LMR, and PLR for the occurrence of depression within 90 days
after surgery in NSCLC patients (Testing set). (A) NLR. (B) LMR. (C) PLR.

systemic inflammatory response associated with the risk of
postoperative depression in NSCLC patients.

The Logistics regression analysis further support the
relationship between NLR, LMR, PLR, and the occurrence
of postoperative depression, highlighting their potential as
independent predictors for this outcome. The strong corre-
lation between these hematological parameters and the oc-
currence of depression emphasizes their relevance in iden-
tifying patients at higher risk for postoperative depression.
Moreover, the predictive value of these parameters was
validated through receiver operating characteristic (ROC)
curve analysis, which demonstrated their sensitivity, speci-
ficity, and area under the curve (AUC) in both the training
and testing sets. The AUC values obtained for NLR, LMR,
and PLR support their individual and combined predictive
potential for postoperative depression risk in NSCLC pa-

tients. The development of a multivariate predictive model
based on these parameters yielded high AUC values, indi-
cating the robustness and accuracy of the model in predict-
ing postoperative depression risk.

The observed consistency in the results between the
training and testing sets strengthens the validity and gen-
eralizability of our findings. The comparable demographic
and clinical characteristics between the non-depression and
depression groups in both sets support the relevance of the
predictive model across diverse patient populations within
the context of NSCLC. The stability of the predictive model
across different patient cohorts highlights its potential for
clinical applicability in identifying individuals at higher risk
for postoperative depression. This facilitates targeted mon-
itoring and intervention strategies, thereby improving pa-
tient outcomes. Cohee et al. [25] used demographic data
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Fig. 4. Multivariate predictive model of preoperative periph-
eral blood NLR, LMR, and PLR for the prediction of the risk
of postoperative 90-day depression in NSCLC patients (Test-
ing set).

and clinical variables to predict improvements in depres-
sion through pain reduction. However, there are few stud-
ies on the factors influencing postoperative depression in
patients with NSCLC. This study aimed to identify preoper-
ative indicators that can forecast postoperative depression,
thereby enhancing patient management. By timely preven-
tion of postoperative depression, we seek to encourage pa-
tients to maintain effective communication with doctors and
family members, sustain a positive psychological state post-
surgery, and ultimately promote further rehabilitation.

The development of a multivariate predictive model
for assessing postoperative depression risk based on preop-
erative blood parameters represents a significant advance-
ment in the personalized management of NSCLC patients.
This model integrates easily accessible blood parameters,
providing a practical approach for identifying individuals
at greater risk for postoperative depression. Consequently,
healthcare providers can implement targeted interventions
to mitigate the impact of depression on patient recovery and
overall well-being. Additionally, the incorporation of in-
flammatory biomarkers such as C-reactive protein (CRP),
interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a), ery-
throcyte sedimentation rate (ESR), and cortisol into the pre-
dictive model highlights the potential role of systemic in-
flammation in contributing to the risk of postoperative de-
pression in this patient cohort. These findings are in line
with existing research that associates inflammation with de-
pression [26—28], emphasizing the need for further explo-
ration of the underlying mechanisms and potential thera-
peutic targets. Moreover, our study contributes to the ex-
panding body of literature on the intricate interplay between
cancer, inflammation, and mental health. The observed
association between systemic inflammatory markers, such
as the NLR, LMR, PLR, and postoperative depression in
NSCLC patients highlights the complex interconnections
between physiological and psychological processes in pa-
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tients with cancer. This finding underscores the necessity of
a comprehensive, multidisciplinary approach to cancer care
that addresses both physical and mental health aspects. The
integration of systemic inflammatory markers into routine
clinical assessments may provide valuable insights into pa-
tients’ holistic well-being and guide personalized support-
ive care strategies.

The integration of NLR, LMR, and PLR into a predic-
tive model for postoperative depression risk is based on the
growing understanding of the complex interplay between
physiological and psychological processes in cancer pa-
tients. Systemic inflammation, as indicated by these blood
parameters, is increasingly acknowledged as a contributing
factor not only to cancer progression but also to psycholog-
ical outcomes, including depression [29,30]. Studies have
demonstrated that cancer-related systemic inflammation is
linked to an elevated risk of depressive symptoms [31-33],
potentially due to the impact of inflammatory mediators
on neurotransmitter function, neuroplasticity, and neuroen-
docrine pathways. Therefore, integrating these blood pa-
rameters in a predictive model for postoperative depression
risk is consistent with evidence indicating a bidirectional re-
lationship between systemic inflammation and psychologi-
cal well-being in cancer patients [34—36]. Furthermore, the
inclusion of inflammatory biomarkers such as C-reactive
protein (CRP), interleukin-6 (IL-6), tumor necrosis factor-
a (TNF-q), erythrocyte sedimentation rate (ESR), and cor-
tisol in the predictive model further substantiates the role
of systemic inflammation in influencing mental health out-
comes in cancer patients. These biomarkers have been im-
plicated in the pathophysiology of depression and have been
associated with depressive symptoms across various clini-
cal populations, including cancer patients. In conclusion,
the evidence supporting the development of a multivariate
predictive model for postoperative 90-day depression risk
in NSCLC patients, based on preoperative peripheral blood
NLR, LMR, and PLR is rooted in the established associa-
tions between systemic inflammation, psychological well-
being, and cancer outcomes. The integration of these blood
parameters and inflammatory biomarkers into a predictive
model is in line with the bidirectional relationship between
systemic inflammation and mental health. This underscores
the need to consider both physiological and psychologi-
cal factors in cancer care. This methodology exemplifies
the transition towards a multidimensional understanding of
cancer and advocates for personalized strategies to address
the holistic well-being of cancer patients.

Despite the promising findings, several limitations of
the study should be acknowledged. First, the observa-
tional and retrospective nature of the study design intro-
duces inherent biases, which may influence the observed as-
sociations. Prospective validation studies involving larger
and more diverse patient cohorts are crucial to confirm the
generalizability of the findings and assess the predictive
model’s performance across different clinical settings. Ad-
ditionally, the study focused on a specific patient popula-
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tion (NSCLC) and a specific postoperative time point of 90
days. Consequently, the generalizability of the predictive
model to other cancer types and postoperative periods may
be limited. Future research should explore the applicability
of the model in broader oncology populations and consider
longer-term outcomes. This study highlights the potential
utility of NLR, LMR, and PLR as predictive markers for
postoperative depression. However, the underlying mech-
anisms linking these blood parameters to depression risk
remain unclear. Future investigations should elucidate the
biological pathways through which systemic inflammation
may contribute to depression in cancer patients, with a fo-
cus on identifying potential therapeutic targets. Moreover,
the study did not account for potential confounding factors
such as pre-existing mental health conditions, social sup-
port, and coping strategies, which may influence the risk of
postoperative depression. Integrating psychosocial and be-
havioral factors into predictive models could enhance their
accuracy and clinical utility. Finally, due to the small sam-
ple size in this study, the validation set was not used for
evaluation. Consequently, only the training and test sets
underwent detection analysis. This underscores the neces-
sity for more comprehensive research in the future.

Conclusions

In conclusion, the present study provides evidence
supporting the development of a multivariate predictive
model for postoperative 90-day depression risk in NSCLC
patients. This model is based on preoperative peripheral
blood NLR, LMR, and PLR. These findings have signifi-
cant implications for personalized patient care, early inter-
vention for depression, and the integration of systemic in-
flammation measures into routine oncology practice. While
further research and validation are warranted, the study con-
tributes to the emerging field of precision oncology and un-
derscores the complex interplay between cancer, inflamma-
tion, and mental health.
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