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Purpose: Research suggests that insulin resistance (IR) is associated with acute ischemic stroke (AIS) and depression. The use of 
insulin-based IR assessments is complicated. Therefore, we explored the relationship between four non-insulin-based IR indices and 
post-stroke depression (PSD).
Patients and Methods: A total of 638 consecutive AIS patients were enrolled in this prospective cohort study. Clinical data were 
collected to compute indices such as the triglyceride glucose (TyG) index, triglyceride glucose-body mass index (TyG-BMI), insulin 
resistance metabolic score (METS-IR), and triglyceride/high-density lipoprotein cholesterol ratio (TG/HDL-C). One month post- 
stroke, neuropsychological assessments were conducted using the 17-item Hamilton Depression Scale. Binary logistic regression 
analysis was performed to explore the relationship between the four non-insulin-based IR indices and PSD.
Results: Ultimately, 381 patients completed the 1-month follow-up, including 112 (29.4%) with PSD. The PSD group exhibited 
significantly higher levels of the four IR indices compared to the non-PSD group. Logistic regression analysis demonstrated that these 
indicators were independently associated with PSD occurrence, both before and after adjusting for potential confounders (all P < 
0.001). Tertile analyses indicated that the highest tertile group had a greater risk of PSD occurrence than the lowest tertile group for 
four IR indicators, even after adjusting for potential confounders (all P < 0.05). Restricted cubic spline analysis revealed a linear dose- 
response relationship between the four IR indices and PSD. In the subgroup analysis, only the TyG index showed a significant 
interaction with diabetes (P for interaction = 0.014). The area under curve values for the TyG index, TyG-BMI, METS-IR, and TG/ 
HDL-C were 0.700, 0.721, 0.711, and 0.690, respectively.
Conclusion: High TyG index, TyG-BMI, METS-IR, and TG/HDL-C at baseline were independent risk factors for PSD in AIS. Each 
of these indicators exhibits predictive value for PSD occurrence, aiding in the early identification of high-risk groups.
Keywords: acute ischemic stroke, post-stroke depression, insulin resistance, non-insulin-based insulin resistance indices

Introduction
Stroke is the leading global cause of death and disability in adults.1 Post-stroke depression (PSD), a mood disorder linked to 
stroke events, affects approximately one-third of stroke survivors.2 PSD is strongly associated with poor stroke prognosis. It 
prolongs hospitalization, impairs recovery of neurological function, reduces quality of life, and increases mortality. Therefore, 
it is clinically important to promptly identify, diagnose accurately, and treat depressive symptoms in stroke patients.

The pathogenesis of PSD is complex and potentially linked to biological, sociological, and psychological factors, 
including monoamine neurotransmitter imbalances, inflammatory responses, hypothalamic-pituitary-adrenal and 
hypothalamic-pituitary-thyroid axis disorders, neural network dysfunctions, daily living abilities, and social support.3 

Recent research indicates that insulin resistance (IR) is associated with neuropsychiatric disorders, including stroke, 
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Alzheimer’s disease, and depression.4–6 Studies have recently shown a potential link between PSD and IR in patients 
with acute ischemic stroke (AIS). Furthermore, homeostasis model assessment of IR (HOMA-IR) is independently 
associated with PSD occurrence.7,8 IR is typically defined as a reduced cellular response to insulin and decreased 
physiological effects of insulin in both peripheral tissues and the brain.9 A growing body of research suggests that IR is 
linked to an increased risk of early neurological deterioration in AIS patients.10 In a study with 3808 non-diabetic 
ischemic stroke patients, IR was associated with stroke recurrence11 and linked to key mechanisms of brain damage in 
ischemic stroke, including inflammation, oxidative stress, and neuronal damage.4 Insulin is secreted by the pancreas, 
travels through the bloodstream to reach the central nervous system, and crosses the blood-brain barrier via a saturable 
transport system.12 Insulin functions as a crucial neuropeptide in the central nervous system, essential for neurotrophic, 
neuromodulatory, and neuroprotective processes, as well as cognitive functions.13 Its biological effects are primarily 
mediated through the mitogen-activated protein kinase and phosphatidylinositol 3-kinase pathways.14 Abnormalities in 
these pathways lead to IR in the brain,15 potentially causing adverse effects like cognitive and mood disorders, alongside 
symptoms of anhedonia.16 Anhedonia, a core symptom of major depression, is shown to be predicted by IR, which is also 
linked to a lack of response to selective serotonin and norepinephrine reuptake inhibitors.17,18 IR in the dopamine 
pathway exacerbates depressive symptoms and anhedonia; conversely, glucagon-like peptide-1 receptor agonists may 
normalize IR, potentially modulating dopaminergic signaling to alleviate anhedonia.19,20 This evidence suggests that IR 
correlates with depressive symptoms and affects medication efficacy. Potential mechanisms involve the regulation of 
neurotrophic factors, neurotransmitter secretion, synaptic plasticity, and the gut microbiota.21 The high insulin-normal 
glucose clamp technique is the current gold standard for assessing IR; however, its clinical application is limited by its 
complexity and cost. As HOMA-IR is an insulin-based surrogate index, measuring serum insulin levels in the clinical 
setting can result in discrepancies due to measurement accuracy. Conversely, the non-insulin-based triglyceride glucose 
(TyG) index is more suitable for clinical use and has shown superior predictive ability for IR compared to HOMA- 
IR.22,23 Additionally, the triglyceride glucose-body mass index (TyG-BMI),24 insulin resistance metabolic score (METS- 
IR),25 and triglyceride/high-density lipoprotein cholesterol ratio (TG/HDL-C)26 are methods for clinicians to assess IR.

Numerous studies demonstrate a strong correlation between the four non-insulin-based IR indices and stroke 
occurrence, progression, and prognosis, along with their association with depression. Nevertheless, the link between 
the four non-insulin-based IR indices and PSD remains undefined. This study investigates the relationship between the 
four non-insulin-based IR indices and depressive symptoms one month post-stroke in patients with AIS via a prospective 
cohort study, aiming to establish a basis for early PSD diagnosis and treatment.

Materials and Methods
Study Design and Population
This prospective study enrolled 638 patients with AIS who were hospitalized in the Department of Neurology, Affiliated 
Huai’an Hospital of Xuzhou Medical University, from November 2023 to August 2024. The study adhered to the 
Declaration of Helsinki and received approval from the Ethics Committee of Affiliated Huai’an Hospital of Xuzhou 
Medical University, with ethical approval number HEYLL202318. Informed consent was obtained from all participants 
or their immediate family members.

Inclusion criteria include age 18 to 80 years; admission within 7 days of stroke onset; confirmed diagnosis of 
ischemic stroke; all relevant examinations and clinical data completed; patients or their immediate family members 
consented to participate in the study by signing the informed consent form.

Exclusion criteria include transient ischemic attack or cerebral hemorrhage; impaired consciousness or severe 
cognitive dysfunction, aphasia, and dysarthria, which prevented them from taking relevant assessments; prior history 
of depression or other mental disorders before stroke, or usage of antidepressants, mood stabilizers, or antipsychotics two 
weeks before enrollment; history of other central nervous system disorders: Parkinson’s disease, hydrocephalus, or 
trauma, and so on; comorbid serious physical illnesses: severe hepatic or renal insufficiency, severe infections, malignant 
tumors, blood disorders, autoimmune disorders; and major surgery history within the last 3 months.
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Data Collection
Clinical data included demographic data: age, sex, body mass index (BMI) based on height and weight, education level 
(no formal education, primary school, or middle school and above), marital status (married or other), and hospitalization 
days; vascular risk factors: systolic blood pressure (SBP), diastolic blood pressure (DBP), smoking, drinking, hyperten-
sion, diabetes, coronary artery disease, atrial fibrillation, and history of stroke; etiology and location: stroke etiologic 
subtypes (large-artery atherosclerosis, cardioembolic, small-vessel disease, and other or unknown cause) and lesion 
location (left/right side, brainstem, cerebellum, and other); laboratory investigations: venous blood was collected from all 
patients within 24 hours of admission to the hospital, and leukocytes, hemoglobin, fasting plasma glucose (FPG), 
glycated hemoglobin A1c (HbA1c), total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL- 
C), low-density lipoprotein cholesterol (LDL-C), albumin (ALB), and serum creatinine (Scr) were recorded.

Non-insulin-based IR indices and BMI formulae: TyG index = ln [TG (mg/dl) × FPG (mg/dl)/2];22 BMI (kg/m2) = 
body weight (kg) / height squared (m2); TyG-BMI = TyG × BMI (kg/m2);27 METS-IR = Ln [(2 × FPG (mg/dl)) + TG 
(mg/dl)] × BMI (kg/m2) ÷ Ln [HDL-C (mg/dl)];25 HG/HDL-C = TG (mg/dl) / HDL-C (mg/dl).26 Unit conversions: TG: 
1 mg/dl = 0.011 mmol/L; FPG: 1 mg/dl = 0.056 mmol/L; HDL-C: 1 mg/dl = 0.026 mmol/L.

Assessment of Neurobehavioral and Psychological Scales
Stroke severity was evaluated upon admission by two neurologists using the National Institutes of Health Stroke Scale 
(NIHSS). Prior to discharge, the Barthel Index (BI) assessed patients’ functional independence, while the modified 
Rankin Scale (mRS) evaluated their functional outcomes. Patients were followed up one month post-stroke onset, and 
their mental health status was assessed using the 17-item Hamilton Depression Scale (HAMD-17)28 by a trained 
neurologist. The examiners were double-blinded during the analysis of results. PSD diagnosis conformed to the 
Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-V), with a HAMD-17 scale > 7.

Statistical Analysis
Data conforming to normal distribution were expressed as mean ± standard deviation (SD), and two independent sample 
t tests were used for inter-group comparison. Median and quartile [M (P25-P75)] descriptions were used for non-normal 
distribution data, and a non-parametric rank sum test (Mann–Whitney U-test) was used for inter-group comparison. 
Count data were represented as frequency and percentage (n, %), with the Pearson Chi-square test applied for group 
comparisons. Subjects in this study were stratified into tertiles based on sample size and continuous non-insulin-based IR 
indices (TyG index, TyG-BMI, METS-IR, and TG/HDL-C): TyG index: T1 (˂8.506, n = 127), T2 (8.506–9.034, n = 
126), T3 (≥9.034, n = 128); TyG-BMI: B1 (˂204.154, n = 127), B2 (204.154–236.892, n = 127), B3 (≥236.892, n = 127); 
METS-IR: M1 (˂ 35.965, n = 127), M2 (35.965–41.140, n = 126), M3 (≥ 41.140, n = 128); TG/HDL-C: G1 (˂ 2.182, n = 
126), G2 (2.182–3.746, n = 128), G3 (≥ 3.746, n = 127). In the binary logistic regression model, variables with P < 0.05 
in the univariate logistic regression were adjusted to assess the four non-insulin IR indices in relation to PSD. We 
calculated odds ratios (OR), 95% confidence intervals (CI), P-values, and P-values for trend. Restricted cubic splines 
(RCS) were used within the logistic regression model to explore the dose-response relationship between the four non- 
insulin-based IR indices and PSD, fitting four restricted cubic spline functions with 4 knots (at the 5th, 35th, 65th, and 
95th percentiles). The receiver operating characteristic (ROC) curve assessed the predictive value of the four non-insulin- 
based IR indices for predicting PSD occurrence. The area under curve (AUC), sensitivity, and specificity were calculated. 
The optimal threshold was determined using the Youden index. The DeLong test verifies the difference in the AUC of the 
four IR indices. Furthermore, participants were categorized into subgroups by sex, age (<65 years and ≥65 years), 
hypertension, and diabetes to assess the relationship between the four non-insulin-based IR indices and PSD across these 
subgroups. The likelihood ratio test of models with interaction terms was used to calculate the interaction between four 
non-insulin-based IR indices and potential effect modifiers.

SPSS 25.0 (IBM Corporation, IL, USA), MedCalc 22.0 (MedCalc Software LTD., Ostend, Belgium), and 
R Programming Language 4.4.1 (Vienna, Austria) were used for all study data analysis and image processing. All 
P values were two-tailed, and statistical significance was defined by the P value < 0.05.
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Results
Flowchart
Initially, 638 patients with AIS were screened at the Department of Neurology, Affiliated Huai’an Hospital of Xuzhou 
Medical University, during the baseline period. Of these, 424 patients met the study’s eligibility criteria. After one month 
of follow-up, 43 patients were lost to follow-up. Consequently, 381 AIS patients completed the follow-up and were 
included in the statistical analysis (Figure 1). After one month, 112 patients (29.4%) developed PSD.

Baseline Characteristics of Patients in the PSD and Non-PSD Groups
The median age of all patients was 65 (interquartile range, 56–71), with 162 (42.5%) being female. As shown in Table 1, 
patients in the PSD group were more frequently female and exhibited higher BMI, SBP, FPG, HbA1c, and TG levels, 

Figure 1 Patient flowchart. AIS, acute ischemic stroke; PSD, post-stroke depression.

Table 1 Comparison of Baseline Data Between PSD Group and Non-PSD Group

Variables ALL (n=381) PSD (n=112) Non-PSD (n=269) P value

Demographic data
Female, n (%) 162 (42.5) 57 (50.9) 105 (39.0) 0.033

Age, years 65 (56,71) 64 (55,71) 65 (58,71) 0.450

BMI, kg/m2 24.98 (22.49,26.90) 25.53 (24.20,28.04) 24.40 (22.05,26.67) ˂0.001
Education level, n (%) 0.365

No formal education 79 (20.7) 24 (21.4) 55 (20.4)

Primary school 246 (64.6) 76 (67.9) 170 (63.2)
Middle school and above 56 (14.7) 12 (10.7) 44 (16.4)

Marital status (Married), n (%) 359 (94.2) 106 (94.6) 253 (94.1) 0.822

Hospitalization days, days 13 (10,14) 13 (11,14) 13 (10,14) 0.251

(Continued)
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along with lower HDL-C, compared to those in the non-PSD group (all P < 0.05). Furthermore, the PSD group exhibited 
a higher prevalence of hypertension and diabetes (all P ˂ 0.05). Additionally, patients in this group demonstrated elevated 
NIHSS scores, increased mRS grades, and reduced BI scores. Each of the four non-insulin IR indices—TyG index, TyG- 
BMI, METS-IR, and TG/HDL-C—was significantly elevated in the PSD group compared to the non-PSD group (all P ˂ 
0.001) (Table 1).

Table 1 (Continued). 

Variables ALL (n=381) PSD (n=112) Non-PSD (n=269) P value

Vascular risk factors, n (%)

SBP, mmHg 152.46 ± 17.41 155.31 ± 18.24 151.28 ± 16.94 0.039
DBP, mmHg 86.59 ± 12.09 87.03 ± 12.14 86.40 ± 12.09 0.646

Smoking 99 (26) 28 (25) 71 (26.4) 0.777

Drinking 66 (17.3) 20 (17.9) 46 (17.1) 0.859
Hypertension 275 (72.2) 90 (80.4) 185 (68.8) 0.022

Diabetes 127 (33.3) 58 (51.8) 69 (25.7) ˂0.001

Atrial fibrillation 44 (11.5) 10 (8.9) 34 (12.6) 0.302
Coronary heart disease 33 (8.7) 8 (7.1) 25 (9.3) 0.497

History of stroke 48 (12.6) 18 (16.1) 30 (11.2) 0.187

Stroke etiologic subtypes, n (%) 0.126
Large-artery atherosclerosis 228 (59.8) 77 (68.8) 151 (56.1)

Cardioembolic 45 (11.8) 10 (8.9) 35 (13.0)

Small-vessel disease 100 (26.2) 24 (21.4) 76 (28.3)
Other or unknown cause 8 (2.1) 1 (0.9) 7 (2.6)

Lesion location, n (%)

Left side 124 (32.5) 40 (35.7) 84 (31.2) 0.394
Right side 129 (33.9) 43 (38.4) 86 (32) 0.227

Brainstem 57 (15) 11 (9.8) 46 (17.1) 0.070
Cerebellum 35 (9.2) 7 (6.3) 28 (10.4) 0.200

Other 80 (21) 23 (20.5) 57 (21.2) 0.886

Neuropsychological function
NIHSS on admission, score 3 (2,5) 4 (2,7) 2 (2,4) ˂0.001

mRS at discharge 2 (1,2) 2 (2,3) 2 (1,2) ˂0.001

BI at discharge 85 (70,90) 80 (60,85) 85 (80,95) ˂0.001
Laboratory data

Leucocyte, ×109 /L 6.96 (5.72,8.33) 7.21 (5.79,8.44) 6.88 (5.66,8.33) 0.304

Hemoglobin, g/L 143.00 (132.00,154.50) 144.50 (136.00,155.75) 143.00 (131.00,154.00) 0.179
FPG, mmol/L 5.56 (4.91,6.96) 6.13 (5.17,8.29) 5.40 (4.77,6.69) ˂0.001

HbA1c, % 6.10 (5.60,7.35) 6.4 (5.80,8.40) 6 (5.60,7.00) ˂0.001

TC, mmol/L 4.43 (3.72,5.08) 4.49 (3.81,5.12) 4.41 (3.66,5.06) 0.568
TG, mmol/L 1.38 (1.01,1.99) 1.78 (1.21,2.59) 1.25 (0.95,1.71) ˂0.001

HDL-C, mmol/L 1.13 (1.04,1.31) 1.09 (0.98,1.21) 1.14 (1.05,1.34) 0.002

LDL-C, mmol/L 2.71 (2.19,3.22) 2.68 (2.14,3.17) 2.71 (2.20,3.23) 0.565
ALB, g/L 40.10 (37.3,42.85) 40.45 (37.78,42.50) 39.60 (36.85,43.00) 0.287

Scr, μmol/L 63 (54,76.6) 64.30 (54.50,77.90) 62.50 (53.80,76.10) 0.271

TyG index 8.78 (8.38,9.21) 9.06 (8.69,9.84) 8.68 (8.27,9.08) ˂0.001
TyG-BMI 220.33 (193.08,245.99) 237.95 (213.54,261.41) 213.41 (185.80,236.99) ˂0.001

METS-IR 38.60 (34.03,42.79) 41.81 (37.63,45.85) 37.55 (32.22,41.14) ˂0.001

TG/HDL-C 2.90 (1.85,4.32) 3.83 (2.57,6.20) 2.44 (1.71,3.83) ˂0.001

Abbreviations: PSD, post-stroke depression; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; NIHSS, 
National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; BI, Barthel Index; FPG, fasting plasma glucose; HbA1c, glycated 
hemoglobin A1c; TC, total cholesterol; TG, triglycerides; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein 
cholesterol; ALB, Albumin; Scr, Serum creatinine; TyG index, triglyceride glucose index; TyG-BMI, triglyceride glucose-body mass index; METS- 
IR, insulin resistance metabolic score; TG/HDL-C, triglyceride/high-density lipoprotein cholesterol ratio.
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Association Between Four Non-Insulin-Based IR Indices and PSD
Binary logistic regression was employed to develop Model 1 (crude model) and Model 2 (fully adjusted model) to 
evaluate the effects of four non-insulin IR indices on PSD. Model 2 was adjusted for covariates such as sex, BMI, SBP, 
hypertension, diabetes, FPG, HbA1c, HDL-C, admission NIHSS, discharge mRS, and discharge BI (of which the portion 
included with four non-insulin IR indices was not adjusted). Compared to tertile 1, the TyG index in tertile 3 (Odds Ratio 
[OR] = 2.163, 95% Confidence Interval [CI] = 1.043–4.486, P = 0.038), TyG-BMI in tertile 3 (OR = 2.928, 95% CI = 
1.517–5.650, P = 0.001), METS-IR in tertile 3 (OR =3.852, 95% CI = 2.030–7.309, P < 0.001), and TG/HDL-C in tertile 
3 (OR = 3.097, 95% CI = 1.575–6.088, P = 0.001) were significant risk factors for PSD, and when the four non-insulin 
IR indices were analyzed as continuous variables, and adjusted for identical confounders, the TyG index (OR=2.762, 
95% CI=1.668–4.573, P ˂ 0.001), TyG-BMI (OR = 1.022, 95% CI=1.013–1.031, P ˂ 0.001), METS-IR (OR = 1.131, 
95% CI=1.081–1.184, P˂0.001), and TG/HDL-C (OR = 1.288, 95% CI = 1.142–1.452, P˂0.001) also were found to be 
independently associated with the progression of PSD, as detailed in Table 2. The risk of PSD onset increased with 
higher levels of the four non-insulin IR indices (all P for trend ˂0.05). Additionally, the RCS analysis demonstrated 
a linear dose-response relationship between the four non-insulin IR indices and PSD risk, as illustrated in Figure 2.

Subgroup Analysis
We divided participants into subgroups by sex, age, hypertension, and diabetes to evaluate their effects on the relation-
ship between four non-insulin IR indices and PSD. The adjustment factors included sex, BMI, SBP, hypertension, 
diabetes, FPG, HbA1c, HDL-C, admission NIHSS, discharge mRS, and discharge BI (adjustments were not made for risk 
factors treated as subgroups or included in the four non-insulin IR indices). Figure 3 shows an interaction between the 

Table 2 Logistic Regression Analysis of Four Non-Insulin-Based Insulin Resistance Indices with PSD

Variables PSD

Morbidity Crude OR (95% CI)a P value Adjusted OR (95% CI)b P value

TyG index 112 (29.4) 3.347 (2.304,4.863) ˂0.001 2.762 (1.668,4.573) ˂0.001

T1 (8.15[7.98–8.38]) 20 (17.9) Reference Reference

T2 (8.78[8.67–8.91]) 34 (30.4) 1.977 (1.065,3.670) 0.031 1.662 (0.845,3.268) 0.141
T3 (9.43[9.20–9.93]) 58 (51.8) 4.433 (2.455,8.003) ˂0.001 2.163 (1.043,4.486) 0.038

P for trend ˂0.001 0.040

TyG-BMI 112 (29.4) 1.028 (1.020,1.036) ˂0.001 1.022 (1.013,1.031) ˂0.001
B1 (184.06[174.81,193.22]) 20 (17.9) Reference Reference

B2 (220.33[212.47,226.98]) 32 (28.6) 1.802 (0.966,3.361) 0.064 1.628 (0.842,3.149) 0.147

B3 (251.94[245.55,264.27]) 60 (53.6) 4.791 (2.653,8.652) ˂0.001 2.928 (1.517,5.650) 0.001
P for trend ˂0.001 0.001

METS-IR 112 (29.4) 1.147 (1.101,1.196) ˂0.001 1.131 (1.081,1.184) ˂0.001

M1 (31.83[29.89,34.04]) 20 (17.9) Reference Reference
M2 (38.57[37.44,39.97]) 31 (27.7) 1.746 (0.933,3.266) 0.081 1.708 (0.880,3.317) 0.114

M3 (44.57[42.73,47.61]) 61 (54.5) 4.871 (2.700,8.788) ˂0.001 3.852 (2.030,7.309) ˂0.001

P for trend ˂0.001 ˂0.001
TG/HDL-C 112 (29.4) 1.331 (1.197,1.479) ˂0.001 1.288 (1.142,1.452) ˂0.001

G1 (1.58[1.23,1.85]) 21 (18.8) Reference Reference

G2 (2.89[2.43,3.30]) 34 (30.4) 1.809 (0.982,3.332) 0.057 1.828 (0.934,3.577) 0.078
G3 (5.01[4.30,6.99]) 57 (50.9) 4.071 (2.269,7.305) ˂0.001 3.097 (1.575,6.088) 0.001

P for trend ˂0.001 0.001

Notes: a: unadjusted. b: adjusted for sex, BMI, SBP, hypertension, diabetes, FPG, HbA1c, HDL-C, admission NIHSS, discharge mRS, and 
discharge BI (of which the portion included with IR surrogates was not adjusted). 
Abbreviations: PSD, post-stroke depression; OR, odds ratios; CI, confidence intervals; TyG index, triglyceride glucose index; TyG-BMI, 
triglyceride glucose-body mass index; METS-IR, insulin resistance metabolic score; TG/HDL-C, triglyceride/high-density lipoprotein cholesterol 
ratio.
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TyG index and diabetes within the diabetes subgroup (P for interaction = 0.014). No interaction was observed in the other 
subgroups with any of the four non-insulin IR indices (all P for interaction >0.05).

Predictive Value of the Four Non-Insulin-Based IR Indices in PSD Diagnosis
ROC curves were utilized to individually evaluate the predictive value of the four non-insulin-based IR indices for PSD 
(Figure 4). Table 3 displays the AUC, 95% CI, Youden index, cut-off value, and their associated sensitivity and 
specificity for the four non-insulin-based IR indices.

Discussion
This prospective cohort study is the first to systematically evaluate the relationship between four non-insulin-based IR 
indices—the TyG index, TyG-BMI, METS-IR, and TG/HDL-C—and the risk of developing PSD. The key findings are as 
follows: (1) The prevalence of PSD in the study was 29.4%, consistent with previously reported rates.2,29 (2) The four 
non-insulin-based IR indices levels were elevated in the PSD group compared to the non-PSD group. Even after 
adjusting for confounders, logistic regression indicated an independent association with PSD occurrence. (3) The RCS 
analysis indicated a linear dose-response relationship between the four non-insulin-based IR indices and PSD occurrence. 

Figure 2 Restricted cubic spine showing the linear relationship between four non-insulin-based insulin resistance indices and PSD. (A) TyG index. (B)TyG-BMI. (C) METS-IR. 
(D) TG/HDL-C. Odds ratios and 95% confidence intervals derived from restricted cubic spline regression, with knots placed at the 5th, 35th, 65th, and 95th percentiles of 
the distribution of four non-insulin-based IR indices. The reference point is the median of four non-insulin-based IR indices. Odds ratios were adjusted for the same variables 
included in b in Table 2. TyG index, triglyceride glucose index; TyG-BMI, triglyceride glucose-body mass index; METS-IR, insulin resistance metabolic score; TG/HDL-C, 
triglyceride/high-density lipoprotein cholesterol ratio.
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Figure 3 Subgroup analysis of four non-insulin-based insulin resistance indices with PSD. (A) TyG index. (B)TyG-BMI. (C) METS-IR. (D) TG/HDL-C. TyG index, triglyceride 
glucose index; TyG-BMI, triglyceride glucose-body mass index; METS-IR, insulin resistance metabolic score; TG/HDL-C, triglyceride/high-density lipoprotein cholesterol 
ratio; OR, odds ratios; CI, confidence intervals.

Figure 4 The receiver operating characteristic curve of four non-insulin-based insulin resistance indices to predict PSD. PSD, post-stroke depression; TyG index, triglyceride 
glucose index; TyG-BMI, triglyceride glucose-body mass index; METS-IR, insulin resistance metabolic score; TG/HDL-C, triglyceride/high-density lipoprotein cholesterol ratio.
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(4) Subgroup analysis revealed an interaction between diabetes and the TyG index but not with the other three IR 
surrogates. (5) The ROC curve demonstrated that the four non-insulin-based IR indices possess predictive value for PSD 
occurrence.

As medical technology advances and public awareness of stroke increases, the mortality rate of stroke patients has 
decreased. However, the disability rate among survivors has risen significantly,30 PSD being a prevalent complication.2 

The World Health Organization forecasts that by 2030, major depression will become the leading cause of the global 
disease burden.31 PSD diminishes patients’ quality of life and may also elevate mortality rates.32 Thus, early identifica-
tion, diagnosis, and treatment of PSD patients are clinically significant. IR facilitates the progression of atherosclerotic 
plaques and enhances platelet adhesion, activation, and aggregation, which subsequently contribute to ischemic stroke.33 

Since measuring insulin in the brain is challenging and no clear definition or diagnostic criteria exist for brain IR, studies 
suggest that peripheral IR is closely linked to brain IR.16 The current gold standard for IR assessment is complex, costly, 
and clinically limited. In contrast, HOMA-IR is susceptible to FPG measurement accuracy, resulting in variable 
outcomes. Consequently, non-insulin-based IR indices such as the TyG index, TyG-BMI, METS-IR, and TG/HDL-C 
have been developed. Prior studies have shown that the TyG index, TyG-BMI, METS-IR, and TG/HDL-C are linked to 
short-term prognosis in AIS.10,34–36 However, research on the four non-insulin-based IR indices concerning PSD remains 
insufficient.

The TyG index, comprising TG and FPG, is a reliable surrogate of IR.23 It is associated with stroke-related risk 
factors and is an independent predictor of stroke onset, as well as neurological deterioration and stroke recurrence in AIS 
patients.37,38 The TyG index is also closely linked to depression. A high TyG index is associated with an increased 
likelihood of depression onset, suicidal ideation, and suicide attempts.39 In the study, the TyG index was identified as an 
independent risk factor for PSD after adjusting for potential confounders via logistic regression modeling. The subgroup 
analyses examine the robustness of the findings. The analyses revealed an interaction between the TyG index and 
diabetes. However, there was a significant positive association in 3225 diabetes patients concerning depression occur-
rence and the TyG index.40 The differences may be related to the small within-group differences in FPG in this study and 
the limited sample size, which limits further interpretation. Obesity is linked to depression,41 and TyG-BMI is an IR 
marker derived from TyG in combination with the BMI.24 Previous studies indicate that TyG-BMI is linked to increased 
stroke risk.42 TyG-BMI demonstrated higher sensitivity and specificity than TyG alone in correlating with depressive 
symptoms.43 This study identified TyG-BMI as an independent risk factor for PSD, exhibiting a linear dose-response 
relationship with no interactions in subgroup analysis. However, the DeLong test did not reveal a statistically significant 
difference between the AUC of TyG-BMI and TyG (P = 0.402). Abnormalities in lipid metabolism are linked to 
cardiovascular and cerebrovascular diseases. Reduced HDL-C is an independent risk factor for ischemic stroke and 
also independently associated with the development of PSD.44 METS-IR is a novel IR surrogate incorporating four 
metabolic markers: FPG, TG, BMI, and HDL-C.25 Previous studies indicate that, similar to TyG and TyG-BMI, elevated 
METS-IR is associated with an increased risk of ischemic stroke.45 Recent studies have revealed a nonlinear relationship 
between METS-IR and depression risk in adults.46 In this study, METS-IR was independently associated with the 
occurrence of PSD. The RCS indicated a linear dose-response relationship. ROC analysis demonstrated that METS-IR 
and TyG index had similar PSD predictive abilities. Although the AUC for METS-IR was slightly lower than TyG-BMI, 
the difference was not statistically significant (P = 0.341). The absence of a larger AUC for METS-IR may be due to 

Table 3 Performance of Four IR Surrogates for PSD Prediction

Variables AUC 95% CI Sensitivity Specificity P value Cut-off value Youden index

TyG index 0.700 0.652–0.746 67.86 66.17 ˂0.001 8.88 0.340
TyG-BMI 0.721 0.673–0.766 68.75 66.91 ˂0.001 225.36 0.357

METS-IR 0.711 0.663–0.756 52.68 79.18 ˂0.001 41.63 0.319

TG/HDL-C 0.690 0.641–0.736 71.43 60.22 ˂0.001 2.91 0.317

Abbreviations: PSD, post-stroke depression; IR, insulin resistance; AUC, area under curve; CI, confidence intervals; TyG index, 
triglyceride glucose index; TyG-BMI, triglyceride glucose-body mass index; METS-IR, insulin resistance metabolic score; TG/HDL-C, 
triglyceride/high-density lipoprotein cholesterol ratio.
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varying calculation methods. Owing to the small sample size, larger studies are necessary to further assess this 
correlation. TG/HDL-C serves as an indicator of abnormal lipid metabolism and can be used as a surrogate for IR.47 

A lower TG/HDL-C is strongly linked to the 3-month prognosis of stroke,48 while a high TG/HDL-C during the acute 
phase of AIS is an independent risk factor for post-stroke cognitive impairment.49 A study investigating the link between 
major depression and dyslipidemia in adolescents found that more severe depressive symptoms were associated with 
lower TG/HDL-C.50 Variations exist in the effects of high and low TG/HDL-C on diseases. This study identified high 
TG/HDL-C levels as an independent risk factor for PSD; however, the AUC for TG/HDL-C was the smallest among the 
four non-insulin-based IR indices in the ROC analysis, with no statistically significant difference. The four non-insulin- 
based IR indices—TyG index, TyG-BMI, METS-IR, and TG/HDL-C—are independently associated with PSD. They 
offer simplicity, economy, and easy accessibility compared to the IR gold standard, making them more suitable for 
clinical adoption. Monitoring these IR surrogates can help identify high-risk groups for PSD early, allowing clinicians to 
make timely medical decisions for patients at high risk of depression following AIS.

The role of IR in the pathogenesis of PSD remains unclear. In humans, there are two subtypes of insulin receptor (IR): 
IR-A and IR-B. The IR-A subtype predominantly resides in the central nervous system. An imbalance in the IR-A to IR- 
B ratio is linked to IR, potentially leading to neurodegenerative disorders and depression, among other conditions.51,52 In 
foundational experiments, insulin receptors were identified as being distributed throughout the brain, with the highest 
expression in areas regulating autonomic activity, appetite, olfaction, and emotional and cognitive functions.53 Current 
research indicates several potential mechanisms: (1) Brain insulin and dopamine actions are interrelated. Brain IR results 
in hyperphagia, anxiety, depressive-like behaviors, and impairment of the dopaminergic system.54 (2) IR is linked to 
abnormalities in the anterior cingulate cortex and hippocampal structures, affecting the functional connectivity of neural 
networks. IR causes atrophy in hippocampal and anterior cingulate cortex volumes and disrupts connectivity with the 
frontal-limbic reward network. High IR levels correlate negatively with depression severity, whereas low IR levels 
exhibit the opposite correlation.55 (3) IR diminishes dendritic spine density, reduces brain-derived neurotrophic factor 
production, and impairs synaptic plasticity.56,57 Conversely, increased dendritic spine numbers and elevated brain-derived 
neurotrophic factor levels ameliorate depressive symptoms.58,59 Correcting synaptic plasticity dysregulation can also 
alleviate depression.60 (4) IR in the brain triggers inflammation and mitochondrial damage in neurons,6 which is closely 
linked to depression.61

Limitations
This study has several limitations: (1) Being a single-center prospective study, the conclusions may have limited 
generalizability, necessitating future validation through multicenter, large sample prospective studies. (2) The inclusion 
of patients with low baseline NIHSS scores and exclusion of those with severe aphasia or dysarthria may have introduced 
selection bias and led to an underestimation of PSD prevalence. (3) The analysis did not adjust for the use of glucose- 
lowering and lipid-modifying medications; it cannot be ruled out that these medications impact disease occurrence. (4) 
Measuring the four non-insulin-based IR indices in a metabolically stable state (after acute stress response) could provide 
better insights into IR’s role in disease prognosis. (5) The study made baseline measurements of these IR indices, making 
it difficult to assess the impact of their dynamic changes on PSD occurrence.

Conclusion
In summary, despite certain limitations, our study confirmed that the TyG index, TyG-BMI, METS-IR, and TG/HDL-C 
are independent risk factors for PSD in AIS and effective predictors of PSD. By monitoring the four non-insulin-based IR 
indices, clinicians can identify individuals at high risk for PSD early, allowing for timely and effective interventions that 
may improve patient prognosis.
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